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Manufacturing Barriers to Biologics
Competition and Innovation

W. Nicholson Price II' & Arti K. Rai™

ABSTRACT: As finding breakthrough small-molecule drugs becomes more
difficult, drug companies are increasingly twrning to “large molecule”
biologics. Although biologics represent many of the most promising new
therapies for previously intractable diseases, they are extremely expensive.
Moreover, the pathway for generic-type competition set up by Congress in
2010 is unlikely to yield significant cost savings.

This Article provides a fresh diagnosis of and prescription for this major
public policy problem. It argues that the key cause is pervasive trade secrecy in
the complex area of biologics manufacturing. Under the current regime, this
trade secrecy, combined with certain features of Food and Drug
Administration (“FDA”) regulation, not only creates high barriers to entry of
indefinite duration but also undermines efforts to advance fundamental
knowledge about how biologics function and are best produced.

In sharp contrast, offering incentives for information disclosure to originator
manufacturers would leverage the existing interaction of trade secrecy and the
regulatory state in a positive direction. Trade secrecy, particularly in complex
areas like biologics manufacturing, often involves tacit knowledge that is
difficult to codify and thus transfer. In this case, however, regulatory
requirements mandate that originator manufacturers submit manufacturing
details. As a consequence, manufacturers have already codified the relevant
tacit knowledge. Carefully structured mechanisms for incentivizing disclosure
of these regulatory submissions would not only spur competition, but would
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also provide a rich source of information upon which additional research,

ncluding fundamental research info the science of manufacturing, could
build.

In addition to providing a fresh diagnosis and prescription in the specific
area of biologics, this Article contributes to more general scholarship on trade
secrecy and tacit knowledge. Prior scholarship has neglected the extent to
which regulation can turn tacit knowledge not only into codified knowledge
but into precisely the type of codified knowledge that is most likely to be useful
and accurate. This Article also draws a link to the literature on adaptive
regulation, arguing that greater regulatory flexibility is necessary and that
more fundamental knowledge should spur flexibility.
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I. INTRODUCTION

Most drugs are small. Aspirin, for instance, is made up of just 21 atoms.
Small drugs like aspirin provide the majority of global revenue for brand-
name drug companies. But finding new small-molecule drugs keeps getting
harder, and generic drug manufacturers are quick to compete with brand-
name firms once patents expire.' As a result, drug companies are increasingly
turning to very large drugs: biologics produced by living cells.? In terms of size
and rough complexity, if an aspirin were a bicycle, a small biologic would be
a Toyota Prius, and a large biologic would be an F-16 fighter jet.> Biologics
provide promising new avenues for doctors to better treat patients, and—not
coincidentally—for drug companies to profit. But making biologics is more
complex than making small-molecule drugs, and that complexity raises
serious challenges for innovation and competition policy in the
biopharmaceutical industry.

Biologics represent attractive investment opportunities for drug
companies. Spending on small-molecule drugs is close to stagnant, especially
in developed countries. In contrast, annual global spending on biologics was
$9g billion in 2006, rose 6% to $157 billion in 2011, and is expected to rise
another 0%, to between $200 billion and $210 billion in 2016.1

In the United States, percentage expenditures on biologics will be even
more substantial. Indeed, some health care industry analysts predict that in
the United States so-called specialty drugs—a category that overlaps
substantially with biologics—will represent half of annual prescription drug
spending by 2020.5

To some extent, the money reflects changes in medicine: Biologics
represent many of the most prominent, and promising, new treatments for
cancer and other major diseases. They include Avastin, an anti-cancer
therapeutic protein with $6.1 billion in global 2012 sales; and the three best-
selling therapies of 2012, Humira ($g.g billion), Remicade ($9.1 billion}, and
Enbrel ($8.1 billion), each used to treat rheumatoid arthritis.

1. See, e.g, Arti K. Rai et al., Pathways Across the Valley of Death: Novel Intellectual Property
Strategies for Accelerated Drug Discovery, 8 YALE ]. HEALTH POL’Y L. & ETHICS 1 (2008).

2. Seeinfranotes 29-g4.

g. Deepak Gupta et al., A CMO Perspective on Quality Challenges for Biopharmaceuticals,
BIOPROCESS INT’L (Oct. 1, 2013, g:00 AM), http://www.bioprocessintl.com/manufacturing/
antibody-non-antibody/a-cmo-perspective-on-quality-challenges-for-biopharmaceuticals-§4733 5.

4. IMS INST. FOR HEALTHCARE INFORMATICS, THE GLOBAL USE OF MEDICINES: OUTLOOK
THROUGH 2016, at g (2012), https:/ /www.imshealth.com/files/web/IMSH% 2olInstitute /Reports/
The%20Global % 20Use % 200f% 2oMedicines% 200utlook % 20Through % 202016 /Medicines_Ou
tlook_Through_2016_Report.pdf. In 2016, the global market for small-molecule drugs and
biologics will be $1.2 trillion. /d. at 5. The global percentage share for biologics in 2016 will be
about 16%. Id. at 4.

5.  SUZANNE M. KIRCHHOFF, CONG. RESEARCH SERV., Rq4192 SPECIALTY DRUGS:
BACKGROUND AND POLICY CONCERNS 2 (2015).

6.  Biologic Drugs Set to Top 2012 Sales, 18 NATURE MED. 636, 636 (2012).
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But total sales revenues also reflect high prices. Although biologics are
prescribed less frequently than the most popular small-molecule drugs, they
have an average daily cost in the United States that is 22 times higher than
small-molecule drug therapies.”

Differences in intellectual property protection drive much of the price
differential between small molecules and biologics. In general, under the
Hatch—-Waxman Act of 1984, the originator firms’ small molecules are
protected by patents and by a short (five-year) period of exclusivity over the
clinical trial data the originator must generate to secure approval by the Food
and Drug Administration (“FDA”). After that short exclusivity period, Hatch—
Waxman treats the originator clinical trial data as informational infrastructure
whose social value is maximized through some level of competitor access.?
Specifically, competitors can bypass conducting their own duplicative clinical
trials on the same molecule and secure FDA approval based on the originator
firm’s data. The five-year regulatory exclusivity, which begins once originator
marketing has begun, typically expires well before originator patents expire.
Thus, once small-molecule patents expire, the usual result is pricing at or near
marginal cost. Generics now represent more than 80% of all small-molecule
prescriptions in the United States.

In contrast, until 2010—more than three decades into the biotechnology
revolution and well after many relevant patents had begun to expire—the
United States had no mechanism by which competitors could rely on
originator data for biologics. And only as of July 2014, four years after the
establishment of a “follow-on” pathway in the 2010 Biologics Price
Competition and Innovation Act (“BPCIA”),9 did the FDA finally accept its
first application for a “follow-on” biologic.'® In contrast, the European

7. Elizabeth Richardson, Biosimilars: To Encourage Competition, the Health Care Law Directs the
FDA to Develop an Accelerated Approval Pathway for Follow-on Versions of Original Biologic Products,
HEALTH AFF.: HEALTH POL’Y BRIEF (Oct. 10, 2013), http://healthaffairs.org/healthpolicybriefs/
brief_pdfs/healthpolicybrief_100.pdf.

8. See genemlly BRETT M. FRISCHMANN, INFRASTRUCTURE: THE SOCIAL VALUE OF SHARED
RESOURCES (2012) (discussing a broad range of contexts where a resource’s social value can be
maximized through some level of shared access).

9. Biologics Price Competition and Innovation Act of 200g, Pub. L. No. 111-148,
§§ 7001-03, 124 Stat. 119, 8o4—21 (2010) (codified as amended at 42 U.S.C. § 262 (2012)).
The BPCIA was passed as part of the Patent Protection and Affordable Care Act (“ACA”).

1o0. In January 2o1p, an FDA scientific advisory board undertook the next step and
recommended that the FDA approve the biosimilar application for filgrastim. Sandoz Biosimilar
Filgrastim Recommended for Approval by FDA Oncologic Drugs Advisory Committee, SANDOZ, http://
www.sandoz.com/media_center/press_releases_news/global_news/2014_01_07_Sandoz_biosi
milar_filgrastim_recommended_for_approval_by_FDA_Oncologic_Drugs_Advisory_Committee.
shtml (last visited Jan. 10, 2015). The FDA officially approved the application on March 6, 2015,
Press Release, U.S. Food & Drug Admin., FDA Approves First Biosimilar Product Zarxio (Mar. 6,
2015), http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm446648. htm. The
brand-name, or reference, product for filgrastim is Amgen’s Neupogen. /d. Perhaps not
surprisingly, on the spectrum of biologics complexity, filgrastim is relatively simple, weighing in
at 18,880 Daltons. See Anurag S. Rathore & Rahul Bhambure, Establishing Analytical Comparability
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Medicines Agency (“EMA”) started approving follow-on biologics in 2006 and
has now approved 21 follow-on, or biosimilar, products.'!

Commentators have discussed the very substantial lag in U.S.
development of a follow-on pathway.'? They have also discussed distortions in
research and development portfolios that might be caused by the
congressional decision to confer upon originator biologics firms a 12-year
period of data exclusivity while retaining the five-year period for small
molecules.'s Much less discussed, but perhaps more profound in the long
term, is the significant barrier to biologic-market entry that may persist
indefinitely as a consequence of the trade secrecy pervasive in the field of
biologics manufacturing.

This trade secrecy is critical because, unlike small molecules, many
complex biologic products cannot be fully characterized by current
techniques for analyzing the end product.'+ Moreover, slight variations in the
manufacturing process can change the quality, safety, or efficacy of the final
product. Thus while generic entrants in the area of small molecules can
readily characterize the brand-name product and then reverse engineer one
or more chemical synthetic paths to the product, biosimilar competitors face
a much more strenuous and expensive task.

European biosimilar product manufacturers have on average expended
between $100 million and $250 million and seven to eight years in the reverse
engineering necessary to bring these products to market.'5> This cost is likely
to rise as biologics that are particularly difficult to manufacture, such as
monoclonal antibodies, begin to dominate the market.'5 In comparison, the
cost of bringing a generic small-molecule to market may be as low as $1
million to $2 million.'7

Perhaps not surprisingly, then, European countries have seen only
modest price reductions for biosimilars. The average price discount is about
25%, and by 2020 the fofal cost savings from biosimilar introduction in

for “Biosimilars”: Filgrastim As a Case Study, 406 ANALYTICAL & BIOANALYTICAL CHEMISTRY 6569,
6574 fig.4 (2014).

11.  See Biosimilars Approved in Europe, GENERICS & BIOSIMILARS INITIATIVE ONLINE (Feb. 27,
2015), http://www.gabionline.net/Biosimilars/General /Biosimilars-approved-in-Europe.

12, See, e.g., Benjamin P. Falit et al., Biosimilar Competition in the Uniled States: Statutory
Incentives, Payers, and Pharmacy Benefit Managers, 34 HEALTH AFF. 294, 295 (2015).

13.  See Henry Grabowski et al., Implementation of the Biosimilar Pathway: Economic and Policy
Issues, 41 SETON HALLL. REV. 511, 547-55 (2011). In contrast, the European Union has the same
period of regulatory exclusivity for both small molecules and drugs. See id.

14.  Seeinfra Part ILB.

15.  Gary Walsh, Biopharmaceulical Benchmarks 2014, 42 NATURE BIOTECHNOLOGY 992, 995
(2014).

16.  See generally id.

17.  OFF. OF THE ASSISTANT SEC’Y FOR PLANNING & EVALUATION, U.S. DEP’T OF HEALTH &
HUMAN SERVS., EXPANDING THE USE OF GENERIC DRUGS 4—5 (2010), http://aspe.hhs.gov/basic-
report/expanding-use-generic-drugs.
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Europe will likely range from $15 billion to $44 billion.'8 Analysts have
projected similarly modest, or even lower, cost savings in the United States
over the next decade.'9 In contrast, although the generic entry regime for
small molecules set up by the Hatch—-Waxman Act of 1984 does allow some
gaming of the regulatory system (and much scholarly ink has been spilled on
such gaming),2* reputable estimates suggest that generic entry under Hatch—
Waxman has saved U.S. consumers as much as $1 trillion between 1999 and
2010.%!

Addressing the trade secret challenge is far from obvious. Indeed, most
commentators who have noted the issue appear to have accepted the
biosimilar path’s limitations, perhaps with the hope that the cost of reverse
engineering by follow-on manufacturers will eventually diminish as analytic
techniques slowly improve, relationships between process and product slowly
become better understood, and at least some of this knowledge becomes
accessible to biosimilar manufacturers.2: Given the very substantial cost
challenge posed by biologics, a more proactive approach seems appropriate.

The proactive approach that some countries use—government-imposed
price regulation of originator products—misses the mark. Putting aside

18.  Francis Megerlin et al., Biosimilars and the European Experience: Implications for the Uniled
States, 32 HEALTH AFF. 1803, 1805-06 (2013).

19. Henry G. Grabowski et al., Regulatory and Cost Barriers Are Likely to Limit Biosimilar
Development and Expected Savings in the Near Fulure, 33 HEALTH AFF. 1048, 1056 (2014) (arguing
that “the relatively moderate estimate by the Congressional Budget Office (CBO) of a cumulative
$25 billion in total cost savings from the use of biosimilars over the first decade after the
[BPCIA’s] passage . . . looks overly optimistic”).

20. According to critics of the practice, branded firms game the system by seeking secondary
patents of dubious validity and then paying generic entrants not to challenge the patents. See, e.g.,
Daniel A. Crane, Per Se lllegality for Reverse Payment Patent Settlements?, 61 ALA. L. REV. 575, 577
(2010); Gregory Dolin, Reverse Settlements as Patent Invalidity Signals, 24 HARV. ].L. & TECH. 281,
289 (2011); C. Scott Hemphill & Mark A. Lemley, Farning Exclusivity: Generic Drug Incentives and
the Hatch—Waxman Act, 77 ANTITRUST L.J. 947, 948 (2011). The Supreme Court’s 2013 decision
in Federal Trade Commission v. Actavis, Inc., 133 S. Ct. 2223, 2227 (2013), applies antitrust law to
place constraints on these so-called reverse payments. But even the Federal Trade Commission,
a major executive branch critic of reverse payments, estimates that an outright ban on such
payments would save consumers a relatively modest $35 billion over the next decade. See Jon
Leibowitz, Chairman, Fed. Trade Comm’n, “Pay-for-Delay” Settlements in the Pharmaceutical
Industry: How Congress Can Stop Anticompetitive Conduct, Protect Consumers’ Wallets, and Help
Pay for Health Care Reform (The $g5 Billion Solution) (June 23, 2009), https://www.ftc.gov/
sites/default/files/documents/public_statements/pay-delay-settlements-pharmaceutical-industry-
how-congress-can-stop-anticompetitive-conduct-protect/ogo62gpayfordelayspeech.pdf.

21.  GENERIC PHARM. ASS'N, GENERIC DRUG SAVINGS IN THE U.S. g (4th annual ed. 2012), http://
www.ahipcoverage.com/wp-content/uploads/2012/08/2012-GPHA-IMS-GENERIC-SAVINGS-
STUDY.pdf. Although some have criticized these IMS studies for failing to account for
confidential discounts brand-name manufacturers have given purchasers, recent IMS Health
estimates of these discounts suggest that they only would reduce the $1 trillion figure by about
20%. See IMS INST. FOR HEALTHCARE INFORMATICS, supra note 4, at g.

22.  See, e.g., Grabowski et al., supranote 19.
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political feasibility,*s such price regulation mistakenly views the problem as
one of natural monopoly.2+ The problem is instead one of information
sharing, and price regulation does nothing to foster the disclosure necessary
to foster information-based innovation.

Because the problem is one of information sharing, price regulation also
fails to address the suboptimal incentive for originator manufacturers to
disseminate, and likely even to generate, fundamental knowledge about
biologics manufacturing processes. As we will discuss, this suboptimal
incentive emerges not only from well-understood economic principles
governing basic research, but also from the nature of post-approval federal
regulatory oversight over manufacturing process details.

This Article undertakes what is to our knowledge the first comprehensive
scholarly inquiry into the problem of secret biologics manufacturing
processes.2s This Article argues that policy interventions encouraging greater
information disclosure and generation, both by individual originator firms
and through public—private consortia, would yield both cost efficiencies and
innovation gains.26

With respect to individual firms, one option might involve greater
disclosure of manufacturing processes in the product/composition-of-matter
patent applications brand-name manufacturers file. Although existing patent
law requires substantially more disclosure than biopharmaceutical applicants
provide, simply requiring more disclosure would likely lead originator firms
to abandon the patent path altogether. In this context, trade secrecy appears

29. Notably, the politically controversial ACA, which expands insurance coverage and
regulates most insurance plans, does not attempt any type of price regulation of biologics.
Instead, it “caps patients’ total out-of-pocket spending [insurance companies can impose] at
approximately $6,500 for individuals and $14,000 for families.” See Falit et al., supra note 12, at
209. These caps may actually create another shelter from competition for originator biologics
firms. Some have argued that even if biosimilars do come on the market at somewhat reduced
prices, these caps make insured patients less price-sensitive and thus less likely voluntarily to
choose biosimilars. /d.

24. See generally William J. Baumol, On the Proper Cost Tests for Natural Monopoly in a
Mudtiproduct Industry, 67 AM. ECON. REV. 80g (1977) (attempting to correct ambiguity in the term
“natural monopoly”).

25. To the extent commentators have engaged the issue, they have generally argued that
patents covering biologics may be invalid because they do not disclose how to make the biologic.
See, e.g., Dmitry Karshtedt, Limits on Hard-to-Reproduce Inventions: Process Elements and Biotechnology’s
Compliance with the Enablement Requirement, § HASTINGS SCI. & TECH. L.J. 109 (2011); Gregory N.
Mandel, The Generic Biologics Debate: Industry’s Unintended Admission That Biotech Patents Fail
LEnablement, 11 VA, J.L. & TECIHL, Fall 2006, at 1. However, as we note below and discuss at length
in Part IV, mandating more disclosure in patents is unlikely to generate disclosure of the trade
secrets that are most relevant.

26.  We focus here on trade secrecy in the federal regulatory state and thus do not address
whether changes to state law that would discourage covenants not to compete and other
restrictions on employee mobility might promote socially beneficial diffusion of relevant
information across firms. See generally ORLY LOBEL, TALENT WANTS TO BE FREE: WHY WE SHOULD
LEARN TO LOVE LEAKS, RAIDS, AND FREE RIDING (20189).
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more privately valuable than patents. And invalidation of patents already
granted on grounds of inadequate disclosure is not going to spur greater
disclosure.

Our preferred approach capitalizes on the existing interaction of trade
secrecy with the regulatory state. As this Article will discuss, the interaction
currently reinforces barriers to biologic market entry, but it could be
leveraged in a more positive direction.

Specifically, although trade secrecy often involves tacit knowledge that is
difficult to transfer, the FDA regulatory requirements mandating that
originator manufacturers submit manufacturing details has already turned
tacit knowledge into codified information. This codified information is
already subject to the usual economics associated with codification: low
marginal cost of transfer and replication.?7 Moreover, originators’ interest in
getting their biologic approved ensures that this codified knowledge is
presented in a manner that is useful and accurate.

Additionally, because FDA approval represents the time by which
relevant manufacturing process information must be fully developed and
codified, disclosure tied to FDA approval is superior to disclosure within the
patent system. Indeed, tying information disclosure to FDA approval has some
existing precedent. As discussed in Part IV, the BPCIA already requires some
level of manufacturing process disclosure on the part of the biosimilar
manufacturer.

Although disclosure could in theory be elicited either through incentives
or mandates, incentives are likely superior. Even putting aside political
feasibility, mandates may unduly undermine incentives, and in any event the
takings doctrine likely limits the ability to use mandates that have retroactive
impact.

Disclosure linked to FDA regulatory levers would be valuable not only for
competition but also for innovation. In particular, it would provide a rich
source of information upon which fundamental research into the science of
manufacturing could build. But independent of whether such disclosure
comes to pass, more fundamental research is essential. Nascent initiatives by
the National Institute of Standards and Technology (“NIST”) to use public—-
private consortia to generate such fundamental knowledge and place it in the
public domain are likely to yield substantial benefits for both competition and
innovation.

As noted, we believe this Article’s analysis represents the first
comprehensive examination of the major public policy challenge posed by
trade secrecy in biologics manufacturing. Of course, the question of trade
secrecy in processes, or in the regulatory State, is not new. This Article draws

27. See, eg., 1 DAvID ] TEECE, ECONOMIC PERFORMANCE AND THE THEORY OF THE FIRM: THE
SELECTED PAPERS OF DAVID |. TEECE §98—9q (1998) (comparing low costs of technology transfer
involving codified knowledge with high costs involving tacit knowledge).
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upon, and contributes to, a number of active scholarly debates on such trade
secrecy. In terms of contribution, prior literature on trade secrecy in the
regulatory State has not emphasized the extent to which regulation can turn
tacit industry knowledge not only into codified knowledge but into precisely
the codified knowledge that is most likely to be useful and accurate. This
Article also draws a heretofore underexplored link to the literature on
adaptive regulation, arguing that greater regulatory flexibility on the part of
the FDA is necessary and that more fundamental knowledge about biologics
manufacturing processes should spur flexibility.

Part II of this Article presents the basic scientific and regulatory
framework. Part IIT highlights the large efficiency distortions created by the
framework.28 Part IV presents policy prescriptions. Part V discusses the link to
the literature on adaptive regulation.

II. BIOLOGIC MANUFACTURING AND BIOSIMILARS

Biologics are complex macromolecular therapeutics produced by living
sources rather than through chemical synthesis.?9 Biologics as a class include
therapeutic proteins, toxins and antitoxins, viruses, blood and blood
products, gene therapy products, and whole cells, among others.3° As a
general matter, they are much more complex than traditional small-molecule
drugs.s' Therapeutic protein biologics—the class of biologics on which we

28.  Of course, in the health context, many would argue that values other than efficiency are
quite important. For present purposes, this Article need not squarely engage this important
debate, as the efficiency-related objectives of reducing deadweight loss and duplicative research
point in the same direction as distributive justice and prevention of harm to human subjects
through duplicative clinical trials.

29. Jordan Paradise, Foreword, Follow-on Biologics: Implementation Challenges and Opportunities,
41 SETON HALL L. REV. 501, 502-03 (2011).

g0. Section § 262(i) of the BPCIA defines biologics as

a virus, therapeutic serum, toxin, antitoxin, vaccine, blood, blood component or
derivative, allergenic product, protein (except any chemically synthesized
polypeptide), or analogous product, or arsphenamine or derivative of
arsphenamine (or any other trivalent organic arsenic compound), applicable to the
prevention, treatment, or cure of a disease or condition of human beings.

42 US.C. § 262(1) (2012). FDA guidance under the BPCIA specifies that any intervention greater
than 40 amino acids is considered a biologic “protein” unless it is made entirely through chemical
synthesis and is under 100 amino acids. FOOD & DRUG ADMIN. ET AL., U.S. DEP’T OF HEALTH &
HUMAN SERVS., SCIENTIFIC CONSIDERATIONS IN DEMONSTRATING BIOSIMILARITY TO A REFERENCE
PRODUCT: GUIDANCE FOR INDUSTRY 24 (2015), http://www.fda.gov/downloads/Drugs/Guidance
ComplianceRegulatoryInformation/Guidances/UCMzg1128.pdf.

31. However, because a few biologics are relatively simple, the BPCIA definition provided
some clarity. See 42 U.S.C. § 262(i). Prior to the BPCIA, some biologics (e.g., human growth
hormone) were reviewed by the FDA’s Center for Drug Evaluation and Research (“CDER”)
rather than its Center for Biologics Evaluation and Research (“CBER”). Bob Carlson, FDA: Change
Is Good, BIOTECHNOLOGY HEALTHCARE, Mar. 2004, at 27, 27. An interesting question for further
research is whether the current binary division between CDER and CBER (and for that matter
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focus and which represents most biotechnology drugs:*—have structures
determined by four different hierarchical organization levels3s and can be
modified in various ways through their synthesis by the living source.st As a
consequence, the specific contours of manufacturing processes, including the
selection of the host organism, the identification of a particular cell line,
culture and media conditions, and purification procedures, all impact the
characteristics and activity of the final product.ss This Part first addresses the
complex process of manufacturing biologics and its impact on the final
biologic. Next, it considers the inadequacy of current techniques for
characterizing the end product, and how that inadequacy interacts with path-
dependent manufacturing. Third, it looks to the inadequate incentives for
developing fundamental knowledge. Finally, it discusses the current
regulatory framework for biosimilars.

A.  MANUFACTURING BIOLOGICS

This Subpart considers the process of manufacturing biologics, as both
the technical complexity and the path-dependence of this process are
important for the competition and innovation issues with which we are
concerned. Since certain technical details may be of interest to only a limited
subset of readers, we have left many such details to the footnotes.

1. Path Dependence

Understanding the complexity of biologic manufacturing requires a
brief, contrasting explanation of how small-molecule drugs are made. Small-
molecule drugs are relatively simple chemical structures, generally made up
of no more than several dozen atoms.3¢ Once identified, the compound

between Hatch—Waxman and the BPCIA) will adequately address the spectrum of complexity
going forward. That question is beyond the scope of this Article.

g2. John Gar Yan Chan et al., An Qverview of Biosimilars, 147 J. & PROC. ROYAL SOC’Y NEW
SouTH WALES 77, 77-78 (2014).

33. DProteins are characterized in increasing level of complexity by their primary amino acid
sequence, secondary structure (i.e., the arrangement of amino acids into low-level structures,
such as alpha helices and beta strands), tertiary structure (i.e., the arrangement of low-level
structure into larger structures, such as beta barrels or zinc fingers, which can play specific
functional roles), and quaternary structure (i.e., the interaction between different proteins or
copies of the same protein to form a larger structure). CARL BRANDEN & JOHN TOOZE,
INTRODUCTION TO PROTEIN STRUCTURE § (2d ed. 1999).

34. Paul J. Declerck, Biologicals and Biosimilars: A Review of the Science and Its Implications, 1
GENERICS & BIOSIMILARS INITIATIVE J. 18, 13 (2012).

35. [ld.

36. Lipinski’s Rule is used as a rough estimation of whether a molecule is suitable for use as
an oral drug, assuming that the compound is biologically active. The Rule states that no more
than one of five characteristics may be violated, and one characteristic is that the molecule be less
than 500 Daltons in size. Christopher A. Lipinski et al., Experimental and Compulational Approaches
lo Estimate Solubility and Permeability in Drug Discovery and Development Sellings, 25 ADVANCED DRUG
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frequently can be made through any of several different chemical synthesis
pathways.37 Although the choice of chemical synthesis pathway may have an
impact on manufacturing cost, it generally has little to no impact on the
identity of the final product.s® Small-molecule synthesis is well understood
and the final products are usually quite pure with any impurities well
characterized. No matter the pathway, the company knows what it has made
and can confirm that the final product is essentially identical to the product
of another company’s different pathway.39 This identity allows the
introduction of generic small-molecule drugs via the Hatch-Waxman Act of
1984.1°

Biologics, as opposed to small-molecule drugs, are typically far more
path-dependent entities. Consider, for example, one of the first steps in
process development for a biologic: selecting a cell line which will eventually
produce the biologic. The details of cell line selection reveal both significant
complexities and the presence of random, uncontrolled events.+'

Cell line selection is an essentially random process. A starter population
of cells is selected from among several possibilities (bacterial, yeast, or cells
from mice or hamsters) and DNA encoding the protein of interest is added
to the cells. This DNA is taken up in essentially random amounts.+* To
leverage this random distribution of both the number and location of gene
copies, the cells are isolated, grown into populations, and evaluated for
growth and production rates.s3 Further selection, with its own random
elements, can help increase the number of copies, stability, and growth rate
of the eventual final cell line.

DELIVERY REVIEWS g, 8—g (1997). Biologics, on the other hand, are frequently more than 50,000
Daltons.

87.  See generally 7 DANIEL LEDNICER, THE ORGANIC CHEMISTRY OF DRUG SYNTHESIS (2008).

g8. Id.

39. See, e.g., FOOD & DRUG ADMIN. ET AL., U.S. DEP’T OF HEALTH & HUMAN SERVS., GUIDANCE
FOR INDUSTRY: BIOAVAILABILITY AND BIOEQUIVALENCE STUDIES SUBMITTED IN NDAS OR INDS—
GENERAL CONSIDERATIONS (2014), http://www.fda.gov/downloads/drugs/guidancecompliance
regulatoryinformation/guidances/ucmg89g7o.pdf.

40. Id.

41.  Ales Berlec & Borut Strukelj, Gurrent State and Recent Advances in Biopharmaceutical
Production in Escherichia coli, Yeasts and Mammalian Cells, 40 J. INDUS. MICROBIOLOGY &
BIOTECHNOLOGY 257, 269 (2013).

42. In this process, known as transfection for mammalian cells and transformation for
bacteria and non-animal eukaryotic cells, the recombinant DNA typically includes a gene
encoding the therapeutic protein, a selection marker, and regulatory sequences. Feng Li et al.,
Current Therapeutic Antibody Production and Process Optimization, BIOPROCESSING J., Winter 2000, at
16, 16—17. Note that this process, too, relies on random mutation and copying: Cells only get
more copies after the initial transfection from mutations that multiply the number of copies of
the desired genes. But this mutation, too, is a random process.

49. Id.at17.

44. Once promising cells have been identified, the number of copies can be increased by
raising the concentration of selection marker inhibitor in the culture medium: Only cells with
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Subsequent stages in manufacturing are also quite complex, as they turn
on the interaction of the cell line with a complex environment. Once the
culture medium is optimized (itself a process of some complexity),s cells are
grown in large-scale vessels, making the biologic in a complex and variable
production environment.«5 Once production is complete, the protein must
be isolated and purified in several steps.17

2. Physiological Effects

This Article emphasizes these manufacturing details because final
therapeutic proteins are influenced by each step in the manufacturing
process. To take one well-studied example, the choice of organism from which
to generate a cell line, and the culture conditions, can alter the pattern of
carbohydrates attached to the surface of the protein, also known as the
“glycosylation pattern.”s® Changes in glycosylation can significantly impact the
biologic in several ways, including the stability of the protein (both outside
and inside the body),® the length of time the protein remains with the
bloodstream,s° the binding of the protein to its therapeutic targets,>' and the
reaction of the body’s immune system to the protein.s?

For example, one study observed severe hypersensitivity in patients
treated with Cetuximab, a monoclonal antibody used to treat metastatic
colorectal cancer and squamous-cell carcinoma of the head and neck.53 This
hypersensitivity was based on the presence of a specific type of glycan attached
to the protein, produced in mice but not in humans. The company had
elected to make Cetuximab in a mouse cell line, and that early choice created

multiple copies of the resistance marker, and thus the biologic gene, can survive the increased
inhibitor. /d.

45. Id. Note that in addition to the complexity of determining the best culture medium, the
proteins used to feed the cells, usually digests from soy, wheat, or yeast, themselves, have a
complex composition and may vary significantly from lot to lot. /d.

46.  Throughout the growth process the cells are fed and maintained in an environment of
monitored and dynamically changed temperature, pH, and other characteristics such as dissolved
oxygen and carbon dioxide. /d. at 17-19.

47. Id. at 20—2g. Purification can vary significantly depending on whether the cell produces
the protein and excretes it into the culture medium or keeps the protein within itself; the latter
possibility requires an additional step of breaking the cells apart. /d.

48.  Huijuan Li & Marc d’Anjou, Pharmacological Significance of Glycosylation in Therapeutic
Proteins, 20 CURRENT OPINION BIOTECHNOLOGY 678, 678-82 (2009). Maintaining consistent
glycosylation is challenging as glycosylation patterns can change based on production system,
production batch, and even over the course of a single production batch. Michael Butler, Animal
Cell Cullrres: Recent Achievements and Perspectives in the Production of Biopharmaceuticals, 68 APPLIED
MICROBIOLOGY & BIOTECHNOLOGY 28, 286-88 (2005).

49. Li & d’Anjou, supranote 48, at 679.

50. Id. at 680-81.

51.  1Id. at 679-80.

2. Id at681-82.

5. ld.
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a serious clinical issue once the biologic was actually used in patients.s
Glycosylation is merely one type of variation known as post-translational
modification, which are changes that happen after the protein’s basic
structure is formed. Manufacturing variation can lead to a plethora of such
modifications and other alterations, with substantial clinical implications.
Notable clinical effects include serious immunogenic reactions.ss

B.  INADEQUACY OI' ANALYTICAL SCIENCE

The complexity and path-dependence of biologics manufacturing would
be less important if analytical methods could characterize end-product
biologics in sufficient detail to allow a determination of identity. However, in
many cases, the state of analytical science at present and in the foreseeable
future falls short of that goal.s

As discussed, biologics are highly variable, and such variability can have
major impacts on a drug’s safety and efficacy. Analytical methods could ease
this problem by verifying that two different products were essentially identical
in all relevant characteristics. In other words, even if manufacturing methods
were different, the difference in manufacturing methods would matter less if
the final products could be demonstrated to be identical. This approach
works for small-molecule drugs. Indeed, the ease of proving product identity,
independent of its manufacturing process, is what makes generic drugs under
Hatch-Waxman possible.

However, although the issue is somewhat disputed, in many cases
analytical methods available to biosimilar firms are insufficient to verify
identity.57 Although the analytical methods available are substantial, they
cannot ensure that two proteins are identical.5® Therefore, in order for a
follow-on manufacturer to be confident that it has duplicated an originator
firm’s biologic, it must have knowledge of the originator firm’s manufacturing
process and cell lines.59

As noted, the extent to which biosimilar manufacturers can rely on
analytical science is somewhat disputed. In a series of important articles, Mark
McCamish, Head of Global Biopharmaceutical Development at Sandoz, and
Gillian Woollett of Avalere Health have argued that analytical techniques have
progressed to the point that biosimilar manufacturers should be able to prove
similarity in the same way that originator manufacturers prove
“comparability” in analyzing the consequences of their own process changes

54. 1d.

55. SeeSteven A. Berkowitz et al., Analytical Tools for Characlerizing Biopharmaceulicals and the
Implications for Biosimilars, 11 NATURE REVIEWS DRUG DISCOVERY K27, 581-93 (2012).

56.  Id.; see also FOOD & DRUG ADMIN. ET AL., supra note g0, at 4.

57. See, e.g., Berkowitz et al., supranote 55; Huub Schellekens, Commentary, How Similar Do
Biosimilars’ Need Lo Be?, 22 NATURE BIOTECHNOLOGY 1357 (2004).

58.  Berkowitz et al., supra note 55, at 527.

59. Schellekens, supra note 57, at 1858.
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post-approval.®> On this view, the FDA makes post-approval comparability
determinations “extensively,” and rarely requires intensive work (e.g., clinical
trials) in these determinations.®® Sandoz’s views are particularly worthy of
note, as it is the first firm to secure approval of a biosimilar application with
the FDA (albeit on a relatively simple biologic, filgrastim (Neupogen)).52
Notably, however, Sandoz’s application, as well as the FDA approval,
ultimately relied heavily on clinical trials and the extensive European patient
experience with the Sandoz product.%s Similarly, as a recent FDA guidance
document emphasizes, originator manufacturers can demonstrate to the FDA
detailed knowledge of their manufacturing process—knowledge they have
built up over many years.%4 In contrast, according to the FDA, “the
manufacturer of a proposed [biosimilar] product is likely to have a different
manufacturing process (e.g., different cell line, raw materials, equipment,
processes, process controls, and acceptance criteria) ... and no direct
knowledge of the [originator’s] manufacturing process.”®s Therefore, the
FDA believes “that more data and information will be needed to establish
biosimilarity than would be needed to establish” comparability.5

C.  MISSING INCENTIVES FOR UNDERSTANDING

This Article’s discussion of the existing science relies on publicly available
information. In some cases, originator firms (and, for that matter, biosimilar
firms) may have developed more precise analytical methods, as well as more
precise understandings about the effects of different manufacturing method
changes. Originator firms have at least some economic incentive to develop

60. Mark McCamish & Gillian Woollett, Worldwide Experience with Biosimilar Development, §
MABS, 209, 210-11 (2011) [hereinafter McCamish & Woollett, Worldwide Experience]; see also Mark
McCamish & Gillian Woollett, The State of the Art in the Development of Biosimilars, g1 CLINICAL
PHARMACOLOGY & THERAPEUTICS 405, 408 (2012) [hereinafter McCamish & Woollett, The State
of the Art] (noting that the frequency with which these determinations are made is not clear
because FDA comparability determinations are not public).

61. McCamish &Woollett, Worldwide Experience, supra note 60, at 210.

62. In 2010, Sandoz had secured approval via the Hatch—-Waxman pathway for a generic
version of the complex non-biologic product Lovenox. /d. at 214. Similarly, Momenta
Pharmaceuticals argues that its generic versions of the complex products Lovenox and Copaxone
are essentially identical and that duplicating those products reflects greater challenges than
duplicating a biologic. Complex Generics, MOMENTA PHARMACEUTICALS, http://www.momenta
pharma.com/pipeline/complex-generics.php (last visited Jan. 10, 2016). However, Momenta
has not yet submitted any biosimilar applications in the United States, much less been approved.
Baxalta and Momenta Start Phase III Trial for Adalimumab Biosimilar, GENERICS & BIOSIMILARS
INITIATIVE ONLINE (Oct. 16, 2015), http://www.gabionline.net/Biosimilars/News/Baxalta-and-
Momenta-start-phase-III-trial-for-adalimumab-biosimilar.

6g.  Ajaz S. Hussain, Biosimilars in the USA: Is the LU Biosimilar Experience Advantage Good for the
USA?, LINKEDIN PULSE (Jan. 18, 2015), https://www.linkedin.com/pulse/biosimilars-usa-eu-
biosimilar-experience-advantage-hussain-ph-d-.

64. FOOD & DRUG ADMIN. ET AL., supra note g0, at 5—6.

65. Id.at6.

66. Id.
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an understanding of manufacturing methods that reduces marginal
manufacturing cost and reduces potential tort liability by improving quality.
Biosimilar firms following the model advocated by Mark McCamish of Sandoz
may have incentives to develop fundamental knowledge regarding analytical
techniques.57

However, the available evidence indicates that the private sector’s
understanding of scientific fundamentals is underdeveloped. As noted above,
FDA guidance documents state that the agency makes comparability
determinations for originator manufacturers based in significant part on
detailed knowledge of manufacturing process. Similarly, the FDA has testified
before Congress about originators being unable “to fully measure structural
differences that could be caused by changes in the manufacturing process.”®

Additionally, as discussed further in Part IV.B, biologic originator
manufacturers have themselves noted to Congress their concerns about being
unable to predict, or even measure accurately, the creation of particles in
their products that may provoke immune reactions. About a decade ago, this
issue was brought to the fore by a prominent case involving the originator
firm Johnson & Johnson and certain batches of its product Eprex, which was
intended to address anemia by inducing creation of red blood cells but
instead ended up inducing red blood cell death.5

Moreover, widely accepted economic models of basic research pioneered
by Richard Nelson and Kenneth Arrow suggest that even firms that conduct
substantial research and development might underinvest in fundamental
understanding.7 Although Nelson, Arrow, and others focus on basic research
that is far removed from commercial application, their arguments also apply
to fundamental understanding of work that has obvious commercial
application—what Donald Stokes has famously called “use-inspired basic
science.””" In both cases, although fundamental understanding could have
some advantages for the firm’s internal operations (in this case by reducing
manufacturing cost or improving quality), the full social value of such

67.  SeeMcCamish & Woollett, The State of the Art, supra note 60, at 411-12.

68.  The Potential Need for Measurement Standards to Facilitate the Research and Development of
Biologic Drugs: Hearing Before the Subcomm. on Tech. & Innovation of the H. Comm. on Sci. & Tech.,
111th Cong. 68-70 (2009) (statement of Steven Kozlowski, Director, Office of Biotechnology
Prods., Office of Pharm. Sci., Ctr. for Drug Evaluation & Research, Food & Drug Admin.).

69. Sabine Louét, Lessons from Eprex for Biogeneric Firms, 21 NATURE BIOTECHNOLOGY g56,
956 (2003).

70. Kenneth ]J. Arrow, The Rand Corp., Economic Welfare and the Allocation of Resources for
Invention, in THE RATE AND DIRECTION OF INVENTIVE ACTIVITY: ECONOMIC AND SOCIAL FACTORS
609, 612 (Universities-National Bureau ed., 1962). See generally Richard R. Nelson, The Simple
Economics of Basic Scientific Research, 67 J. POL. ECON. 297 (1959).

71.  See generally DONALD E. STOKES, PASTEUR’S QUADRANT: BASIC SCIENCE AND
TECHNOLOGICAL INNOVATION (1997).
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understanding is likely to be captured only through broad use that has
associated spillovers. 7

Thus, an individual firm’s return of investment in this fundamental
research may be negative. For this reason, as discussed further in Part IV.B,
the economic literature often looks favorably on research and development
collaborations even between firms that are horizontal competitors.

This standard underinvestment story is bolstered by the regulatory
context, which likely exacerbates underinvestment in fundamental
understanding of how biologics work and are produced. With respect to small
molecules, where significant fundamental understanding does exist, the FDA
has been reluctant to allow manufacturers to implement this fundamental
understanding to make changes once they have received market approval.7s
From the FDA’s standpoint, once an originator firm has secured approval, the
identity of the molecule is largely set, and any substantial change will typically
demand further clinical trials.7¢ In fact, detailed knowledge of manufacturing
parameters sometimes leads to greater regulatory commitments: If a process
can be controlled tightly, the FDA may then rigidly require such tight control,
imposing additional burdens on the manufacturer.7s To the extent that
originators assume, based on the experience with small molecules, that
fundamental understanding in the area of biologics will not ease their path in
terms of making changes post-approval, they will underinvest in such
understanding.

As for biosimilar firms, firms like Sandoz may be generating at least some
fundamental knowledge about analytical characterization techniques. Public
presentations by Sandoz on its biosimilar application for filgrastim have
stressed the extensive array of analytical techniques the firm has used to

72.  But see Wesley M. Cohen & Daniel A. Levinthal, Absorptive Capacity: A New Perspective on
Learning and Innovation, g5 ADMIN. SCI Q. 128 (1990) (arguing that firms may invest in research
that has significant spillovers in order to attain “absorptive capacity”). In the legal literature,
Edmund Kitch has gone in the opposite direction from Cohen. He has prominently analogized
basic research to tangible property, and thereby argued that if a firm could be allowed an
extremely broad patent on the basic research, it could capture full social surplus by exploiting
certain uses of that patent internally and then licensing other uses. See generally Edmund W. Kitch,
The Nature and Function of the Patent System, 20 ].L. & ECON. 265 (1977). While economists per se
have generally not engaged Kitch’s claim, an extensive law and economics literature disputes the
claim. See, e.g., Robert P. Merges & Richard R. Nelson, On the Complex Exconomics of Patent Scope, 9o
CoruM. L. REv. 839 (1990).

79. For a description of the effect of regulatory lock-in of idiosyncratic production choices
on later manufacturing innovation in the small-molecule context, see W. Nicholson Price II,
Making Do in Making Drugs: Innovation Policy and Pharmaceutical Manufacturing, 55 B.C. L. REV.
491, R19—22 (2014).

74. ld.

75.  See Norman Winskill, Vice President, Mfg., Pfizer, Inc., Testimony to the Food and Drug
Administration Science Board Meeting (Nov. 16, 2001), http://www.fda.gov/ohrms/dockets/ac/01/
transcripts/g799t1_oz.pdf.



A4_PRICE&RALDOCX (DO NOT DELETE) 9/22/2016 11:17 AM

1040 IOWA LAW REVIEW [Vol. 101:1029

demonstrate similarity.’% As noted, however, filgrastim is a relatively simple
biologic.77 Moreover, Sandoz’s application, and even more so the FDA
advisory committee that recently approved the application, relied heavily on
clinical trials and on the extensive European patient experience with the
Sandoz product.7®

D. THI; CURRENT STATUTORY AND REGULATORY FRAMEWORK

The BPCIA reflects the inability of follow-on firms to produce true
generic biologics. In the statute, Congress tried to ensure that follow-on
biologics would be similar enough to achieve some of the efficiency and
competitive advantages of generics.79 The FDA, implementing the statute, has
outlined the regulatory approach it will take to demonstrate biosimilarity.%°
The FDA’s approach underscores the challenges faced by Dbiosimilar
manufacturers.

1. The Biologics Price Competition and Innovation Act

Congress passed the BPCIA in 2010 as Title VII of the Patient Protection
and Affordable Care Act (“ACA”).%' In relevant part, it amended the Public
Health Service Act to create a biosimilar pathway modeled to some extent
after the Hatch—Waxman Act’s generic drug approval pathway.®: However, for
the reasons discussed above, requiring that follow-on biologics meet the same
standards as generics was judged infeasible. Instead, follow-on biologics may
rely on the safety and efficacy data of the reference biologic if they are “highly
similar” to the reference.®s

To be “highly similar” under the BPCIA, there must be “no clinically
meaningful differences ... in terms of the safety, purity, and potency.”s
Beyond biosimilarity, a follow-on may be found “interchangeable” with its
reference product, the original biologic, if it is shown that: (1) the biosimilar
will have the same clinical effect as the reference biologic for every individual
patient; and (2) for biologics administered more than once (as most biologics
are), switching between the reference biologic and the biosimilar poses no

76. MARK MCCAMISH, ZARXIO™ (FILGRASTIM): SANDOZ, A NOVARTIS COMPANY:
PRESENTATION TO THE ONCOLOGIC DRUGS ADVISORY COMMITTEE (2015), http://www.fda.gov/
downloads/AdvisoryCommitteesMeetingMaterials/Drugs/OncologicDrugsAdvisoryCommittee /U
CM4g1119.pdf.

77.  Seesupranote 11.

78.  Hussain, supra note 6.

79. This Article focuses on the U.S. regime, but the situation is similar elsewhere; the U.S.
law is modeled on the E.U.’s biosimilar regime, and other countries have adopted this approach.

8o.  See infraPart I1.D.2.

81. Biologics Price Competition and Innovation Act of 2009, Pub. L. No. 111-148,
§§ 7001-03, 124 Stat. 8o4—21 (2010) (codified as amended at 42 U.S.C. § 262 (2012)).

82. Id.

83. 42 U.S.C.§ 262(1)(2)(A).

84. Id. §262(i)(2).
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additional safety or efficacy risk compared to the use of the reference product
alone.%

For purposes of price reduction, an interchangeable follow-on represents
the closest parallel to a generic small-molecule drug. The BPCIA provides that
pharmacists may automatically substitute such interchangeables for
originator biologics, just as generic small-molecule drugs are automatically
substituted for brand-name drugs.% However, for the reasons discussed above,
absent follow-on access to manufacturing details, achieving interchangeability
is highly unlikely.87

2. FDA Implementation

The statutory approach described above is quite broad, but the FDA’s
implementation is significantly more detailed. Although the FDA has not
promulgated regulation,® it has issued multiple draft guidances on the
biosimilar approval pathway, and in particular what needs to be demonstrated
to show biosimilarity.89

Notably, the FDA has eschewed a rigid structure for demonstrating
biosimilarity in favor of a risk-based, case-by-case, totality-of-the-evidence
approach.9 This flexibility contrasts with the agency’s rigid stance post-
approval discussed in Part II.C, and is discussed in Part V.

Under the FDA’s approach, demonstrating biosimilarity requires a
stepwise decrease in risk and uncertainty as characterization of the follow-on
biologic progresses through several stages, moving from structural and
functional analysis through animal data and finally human clinical data on
pharmacology, immunogenicity, and potentially safety and efficacy if

85. Id.§262(1)(3), (k) (4).

86. Falit et al., supra note 12, at 298.

87.  See supra Part ILB.

88. In general, the FDA operates in significant part through guidance, a practice that has
drawn severe criticism from some scholars. See Lars Noah, Governance by the Backdoor: Administrative
Law(lessness?) at the DA, g3 NEB. L. REV. 89, go (2014). Although guidance does not provide
binding law, it does allow for greater agency flexibility in cases where knowledge is rapidly
evolving. See infra Part V.

89. See, eg., FOOD & DRUG ADMIN. ET AL., U.S. DEP’T OF HFALTH & HUMAN SERVS.,
BIOSIMILARS: ADDITIONAL QUESTIONS AND ANSWERS REGARDING IMPLEMENTATION OF THE
BIOLOGICS PRICE COMPETITION AND INNOVATION ACT OF 2009: GUIDANCE FOR INDUSTRY (Rev. 1,
2015), http://www.fda.gov/downloads/Drugs/. . ./Guidances/UCMz275001.pdf; FOOD & DRUG
ADMIN. ET AL., U.S. DEP’T OF HEALTH & HUMAN SERVS., CLINICAL PHARMACOLOGY DATA TO SUPPORT
A DEMONSTRATION OF BIOSIMILARITY TO A REFERENCE PRODUCT: GUIDANCE FOR INDUSTRY (2014),
http:/ /www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation /Guidance /
UCMgg7017.pdf; FOOD & DRUG ADMIN. ET AL., supra note 0; FOOD & DRUG ADMIN. ET AL., U.S. DEP'T
OF HFALTH & HUMAN SERVS., QUALITY CONSIDERATIONS IN DEMONSTRATING BIOSIMILARITY TO A
THERAPEUTIC PROTEIN PRODUCT TO A REFERENCE PRODUCT: GUIDANCE FOR INDUSTRY (20135), http://
www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCMzg1
134.pdf.

9o. FOOD & DRUG ADMIN. ET AL., supra note go, at 8.
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needed.9' Throughout, the process emphasizes decreasing the risk and
uncertainty that remain from limitations of the prior step. The final step is
clinical trials to demonstrate that whatever uncertainty remains from
characterization has minimal effects on patients.o*

III. PROCESS DETAILS AS TRADE SECRETS: THE NORMATIVE ANALYSIS

This Part will discuss in detail the efficiency losses, static and dynamic,
associated with current trade secrecy practices in biologics manufacturing. To
set the stage for the normative discussion, this Part begins with a general
overview of basic patent and trade secret doctrine and of the economics of
trade secrecy. The general overview does not fully apply to manufacturing
process information submitted to the FDA. Nonetheless, it provides important
context.

A.  PATENT AND TRADE SECRET DOCTRINE

Boilerplate patent law holds that firms must choose between having a
patent on an inventive product or process and keeping it a trade secret. Patent
law’s disclosure requirement is reflected both in the text of the patent statute
and in case law.93

9g1. Seeid. at g—17. Structural analysis measures the physical characteristics of the protein,
and faces the limitations described above. /d. at . Functional analysis evaluates the performance
of the product compared to the reference product in in vitro assays such as “biological assays,
binding assays, and enzyme kinetics.” Id. at 10. Animal data on toxicity can help demonstrate
safety; animal studies on pharmacodynamics (how the drug acts on the body) and
pharmacokinetics (how the body metabolizes the drug) can help demonstrate similarity to the
reference product, and animal immunogenicity studies can demonstrate differences between the
reference and follow-on even though they poorly predict human immune responses. /d. at 11-12.

92. At least one challenge with the approach of using clinical trials as the final arbiter of
similarity parallels the growing recognition that clinical trials are generally too small and too short
to evaluate negative effects of drugs that may only arise in the longer term or in limited
populations. See Timothy Brewer & Graham A. Colditz, Postmarketing Surveillance and Adverse Drug
Reactions: Current Perspectives and Future Needs, 281 JAMA 824, 824 (1999). Post-market
surveillance is the preferred approach to deal with these issues. /d. If, however, biosimilars differ
in ways that would only be noticed in post-market surveillance—as seems likely, based on the
path-dependence differences described above, see supra Part ILB—then surveillance of the
reference product will not help avoid those problems. Of course, to the extent that
interchangeables became possible, surveillance of the reference product would suffice.

93. 35 US.C.§112(a) (2012) (requiring that a patent “contain a written description of the
invention, and of the manner and process of making and using it, in such full, clear, concise, and
exact terms as to enable any person skilled in the art to which it pertains . . . to make and use the
same, and . . . set forth the best mode contemplated by the inventor or joint inventor of carrying
out the invention”). The Court of Appeals for the Federal Circuit, which hears all appeals in
patent cases, has held that this section contains both a requirement to “describe” the invention
in structural terms and to enable the invention. Ariad Pharm., Inc. v. Eli Lilly & Co., 598 F.gd
1336, 1352 (Fed. Cir. 2010). Although the written description and enablement requirements are
similar, they are not identical. See id. (“[A]lthough written description and enablement often rise
and fall together, requiring a written description of the invention plays a vital role in curtailing
claims that do not require undue experimentation to make and use, and thus satisfy enablement,
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While disclosure’s doctrinal foundation is clear, the extent to which this
goal is normatively central to patent law remains contested. Scholars have
argued both for9t and againstos its centrality.95 Additionally, the extent to
which patents practically aid the spread of knowledge remains a contested
empirical question. Although the answer likely varies across areas of scientific
and technological inquiry, the majority view is that disclosure is often
inadequate.97 This inadequacy may be a function of current legal
requirements or of the inability of current patent institutions to enforce these
requirements.

This Article does not take a view on whether patent law generally should
take disclosure as a central normative goal. Rather, it makes the case that
greater disclosure of biologic manufacturing processes is likelyto improve
efficiency substantially, both static and dynamic. Whether greater disclosure
should be achieved through the patent system or through other mechanisms
is a question to which this Article turns in Part IV.

In the remainder of this Part, this Article makes a detailed case for why
trade secrecy is often privately valuable but only socially valuable in certain
cases. In the case of biologics manufacturing, indefinite trade secrecy is on
balance socially deleterious.

but that have not been invented, and thus cannot be described.”). In contrast with enablement,
which primarily serves the disclosure function, written description also serves a notice function.

94. See, e.g., Dan L. Burk, The Role of Patent Law in Knowledge Codification, 29 BERKELEY TECH.
LJ. 1009, 1012 (2008) (“[M]any familiar provisions of the patent statute may be viewed as
incentives for codification of otherwise tacit knowledge ....”); Jeanne C. Fromer, Patent
Disclosure, 94 IOWA L. REV. 539, 542 (2009) (Arguing for disclosure’s “centrality in the patent
system”); Sean B. Seymore, The Teaching Function of Palents, 85 NOTRE DAME L. REV. 621, 627
(2010) (arguing for strong disclosure and that “[i]t is now time to transform the patent into a
readable teaching document”).

95.  See, e.g., Alan Devlin, The Misunderstood Function of Disclosure in Patent Law, 2 HARV. ].L.
& TECH. 401, 403 (2010) (“[D]isclosure is both ineffective and potentially poisonous to larger
social goals.”); Timothy R. Holbrook, Possession in Patent Law, 59 SMU L. REV. 123, 146 (2006)
(“[D]isclosure obligations [are] inconsistent with the theoretical justifications of patent
law....”); Mark A. Lemley, The Myth of the Sole Inventor, 110 MICH. L. REV. 709, 745 (2012)
(“Disclosure theory cannot . . . support the modern patent system.”).

96. Forauseful review of scholarly views in this area, see Lisa Larrimore Ouellette, Do Patents
Disclose Useful Information?, 25, HARV. J.L. & TECH. 545, 546—47 (2012). Ouellette suggests that
rather than questioning disclosure’s value as a rationale for a patent system, its value should be
examined taking the system as a given; that is, since a patent system exists, what is the value of
disclosure requirements, and is that value sufficient? /d. at 548.

97. See, e.g., Subhashini Chandrasekharan et al., Proprietary Science, Open Science and the Role
of Patent Disclosure: The Case of Zinc-Iinger Proleins, 27 NATURE BIOTECHNOLOGY 140 (2009)
(discussing lack of disclosure in the context of zinc-finger protein patents); Mark A. Lemley,
Ignoring Palents, 2008 MICH. ST. L. REV. 19, 22 n.16 (“Empirical research suggests that scientists
don’t in fact gain much of their knowledge from patents, turning instead to other sources.”).



A4_PRICE&RALDOCX (DO NOT DELETE) 9/22/2016 11:17 AM

1044 IOWA LAW REVIEW [Vol. 101:1029

B. TIIE ECONOMICS OF TRADE SECRECY: GENERAI CONSIDERATIONS

In general, as various surveys have shown, manufacturing firms across
different industries frequently use secrecy to protect both product and
process information.9® Secrecy appears particularly useful for processes.9 This
differential value arises from the challenges in detecting process patent
infringement and, in some cases, the difficulty of reverse engineering.

Although secrecy clearly confers private value to the company, scholars
have debated the extent to which such secrecy should be encouraged through
the apparatus of trade secret law, now adopted by 44 states through the
mechanism of the Uniform Trade Secrets Act (“UTSA”).oc Under the UTSA,
the definition of what constitutes a trade secret is broad—any information
that derives actual or potential economic value from “not being readily
ascertainable” and which is the subject of measures “reasonable under the
circumstances to maintain its secrecy” is included.'*!

In a prominent series of articles starting in 1998, Professor Robert Bone
has argued that any protection against rent-dissipating “secrecy arms races”
provided by trade secrecy law is outweighed by its disadvantages.'* Bone
argues that unlike patent law, trade secrecy encourages duplicative effort and
retards cumulative innovation. '

Other scholars have countered that trade secrecy creates incentives to
innovate in those contexts where an invention does not meet the standards
for patent validity or where seeking and enforcing a patent (particularly given
the well-known practical limitations of the patent system) would be

98.  SeeWesley M. Cohen et al., Protecting Their Intellectual Assets: Appropriability Conditions and
Why U.S. Manufacturing Firms Patent (or Not) 10 (Nat’l Bureau of Econ. Research, Working Paper
No. 7552, 2000) (finding, based on survey of R&D managers of manufacturing firms
administered in the United States in 1994, that across industries secrecy was more effective than
patents for both product and process inventions); see also John E. Jankowski, Business Use of
Intellectual Property Protection Documented in NSI' Survey, INFOBRIEF (Nat’l Ctr. for Sci. & Eng’g
Statistics), Feb. 2012, at 5 (finding thatin 2008, more than 50% of businesses “with R&D activity”
rated secrecy very important or somewhat important).

99. See Cohen et al., supra note g8, at 10 (noting that secrecy was reported to be the most
effective strategy for protecting process innovations).

100.  The Uniform Trade Secrets Act (UTSA), NDAS FOR FREE, http://www.ndasforfree.com/
UTSA.html (last visited Jan. 10, 2016) (listing states adopting the UTSA). Only New York,
Massachusetts, and North Carolina have not adopted the UTSA. Id.

101.  UNIF. TRADE SECRETSACT § 1(4) (NAT’L CONFERENCE OF COMM’RS ON UNIF. STATE LAWS
1986) (amended 1985).

102. See, e.g., Robert G. Bone, Exploring the Boundaries of Competitive Secrecy: An Essay on the
Limits of Trade Secrel Law, in 19 LAW, INFORMATION AND INFORMATION TECHNOLOGY g9 (Eli
Lederman & Ron Shapira eds., 2001); Robert G. Bone, A New Look at Trade Secret Law: Doctrine in
Search of Justification, 86 CALIF. L. REV. 241 (1998) [hereinafter Bone, A New Look]; Robert G.
Bone, The (Still) Shaky Foundations of Trade Secrel Law, g2 TEX. L. REV. 18038 (2014) [hereinafter
Bone, The (Still) Shaky Foundations]; Robert G. Bone, Trade Secrecy, Innovation, and the Requirement
of Reasonable Secrecy Precautions, in THE LAW AND THEORY OF TRADE SECRECY: A HANDBOOK OF
CONTEMPORARY RESEARCH 46 (Rochelle C. Dreyfuss & Katherine J. Strandburg eds., 2011).

103. Bone, A New Look, supra note 102, at 266-67.
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