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THE CREATION OF A SUCCESSFUL

new medication or other bio-
technology product usually
represents the culmination of

a long process of development, with ori-
gins in a number of pivotal basic sci-
ence discoveries. With the rapidly es-
calating number and complexity of
research techniques, the development
of novel drugs, biologics, devices, di-
agnostic tests, and other medical tech-
nologies requires an unprecedented
level of cooperation and investment of
resources from public and private in-
stitutions. The possibility for lucra-
tive profits has also expanded sharply,
with the top blockbuster drugs and bio-
logics reaching millions of patients and
reaping multibillion-dollar returns.

Several recent court cases highlight
how the medical product develop-
ment process can be significantly af-
fected by questions regarding owner-
ship of basic science and biotechnology
research discoveries. In one case,1 the
owner of patented equipment sued uni-
versity scientists using it for experi-
mental work; in another case,2 a uni-
versity’s rights to the products of
research by its faculty were dismissed,
allowing a pharmaceutical company
that marketed a drug based on those
findings to keep all the financial re-
turns. Excessive proliferation of intel-
lectual property hurdles can hinder co-
operation or make collaborative efforts

insurmountably expensive. However,
without legal recognition of the key
contributions and rights of early stage
researchers, the public credit and fi-
nancial rewards based on their discov-
eries will inure almost exclusively to
those who control the final step in
production.

This tension has its roots in the basic
structure of US intellectual property sys-
tems and technology transfer policies.
Since 1790, the US government3 has
awarded patents to encourage innova-
tion by granting inventors the right to

prevent others from making, using, or
selling their inventions for a limited
period of time. In modern times, com-
plicated research techniques and col-
laborations from multiple sources are
the norm, a situation for which the
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The pharmaceutical and biotechnology industries have long relied on pat-
enting as the primary means of allocating ownership and control over new
discoveries. Yet, patent protection is a double-edged sword that has major
implications for the future of innovation in biomedical science in the United
States. Excessive “upstream” patenting of genes and molecular targets could
hinder further research by creating a need for expensive and inefficient cross-
licensing. However, limiting such basic science patenting could allow pri-
vate entities to use the results of years of costly publicly funded research to
produce and market lucrative products without compensating university- or
public sector–based innovators. Academic and other nonprofit research cen-
ters would, therefore, be deprived of revenue for pursuing novel therapeu-
tics or other seminal research work that may not be patentable. Recent court
cases illustrate the inherent conflicts in allocating ownership and control of
basic biomedical discoveries. Several options exist to avoid the complex prob-
lems of overlapping basic science patents while still rewarding pivotal dis-
coveries and encouraging further innovation. These include establishing ba-
sic science patent pools and mandating arbitration arrangements that would
assign credit and royalties for biotechnology innovations that depend on prior
research that was performed, financed, or both in the public sector.
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patent system has difficulty account-
ing. Basic investigations conducted at
universities and academic medical cen-
ters, usually publicly funded, often pro-
duce key insights about the mecha-
nismsunderlyingphysiological function
and disease states. Private corpora-
tions can then commercialize these
insights by designing and marketing
new therapeutics or other medical tech-
nologies based on them. In this chain
of development, allowing patenting of
each incremental innovation could risk
generating a dense thicket of overlap-
ping intellectual rights and thus hinder
research efforts. However, restricting
patenting rights to the end product
alone ignores earlier scientific and finan-
cial contributions. Where intellectual
property law draws the line has billion-
dollar ramifications for universities and
academic medical centers attempting to
support their research budgets, for
patients who depend on the creation of
innovative medical products, and for
society, which ultimately benefits from
and pays for these discoveries.

Biomedical Patenting and
Technology Transfer
Through the 1970s, the federal gov-
ernment held the intellectual prop-
erty rights to any inventions that were
developed with federal funds, includ-
ing those by biomedical scientists. Dur-
ing this period, it usually allowed in-
ventions to be used freely, without a
requirement for licensing any rights. But
some questioned whether this ap-
proach sufficiently encouraged fur-
ther development of that intellectual
property. The National Aeronautics and
Space Administration, for example, re-
ported a commercialization rate of less
than 1% for inventions under its free
use policy, but found an 18% to 20%
rate for inventions in which its con-
tractors controlled intellectual prop-
erty rights.4

In an attempt to speed technology
transfer from publicly funded institu-
tions to the marketplace, Congress
passed the Bayh-Dole Act in 1980,
which allowed nongovernmental orga-
nizations to control patents on inven-

tions developed with federal funds.5

One of the architects of the law ar-
gued that transferring intellectual prop-
erty ownership would be necessary for
the efficient translation of basic re-
search because “what is available to ev-
eryone is of interest to no one.”4

The Bayh-Dole Act coincided with a
new era of medical research that em-
phasized the molecular and genetic ba-
sis of disease, starting with advances in
isolating and cloning genes. The United
States Patent and Trademark Office
(USPTO), the government agency
charged with determining the patent-
ability of inventions, was soon inun-
dated with applications to patent newly
identified proteins, methods to regu-
late cellular processes, and human ge-
nome sequences. Initially, the USPTO
held a relatively permissive view of what
constituted a patentable discovery in the
biomedical research arena, and sev-
eral researchers pushed the limits of
what could be patented. Applications
were granted for small genetic frag-
ments such as expressed sequence tags,
probes that are used to identify DNA
segments that do not have utility by
themselves, and for single nucleotide
polymorphisms, single base-pair ge-
netic differences that can be identified
even in the absence of any knowledge
of their role in disease. By 1999, more
than 3000 patents for human genome
sequences linked to genetically based
diseases had been granted.6

Under the Bayh-Dole Act, universi-
ties and other centers funded by gov-
ernment grants engaged actively in the
patenting and licensing process. Be-
fore 1980, academic institutions re-
ceived fewer than 250 patents per year;
by 2002, they were awarded more than
3000 patents per year with licensing
revenues surpassing $1.2 billion.7 While
most university technology transfer op-
erations struggle with legal fees and op-
erating costs,8 some have moved man-
agement of their researchers’ intellectual
property rights into the private sector
quite successfully. Gene-splicing tech-
niques patented by the University of
California and Stanford University be-
came an industry standard and have

raised more than $150 million in roy-
alties since the late 1970s.9 Columbia
University licensed its patent on a novel
way to treat glaucoma to Pharmacia,
which eventually developed the block-
buster drug latanoprost, earning the
university $20 million in gross royal-
ties in 2000 alone.10

Limiting Upstream Patents
in Biomedical Research
As biomedical patenting increased and
university-industry ties became closer,
some questioned the social good of pat-
enting basic science discoveries.11 Con-
cern increased that patenting discov-
eries such as specific genes, receptors,
or transcription factors might create a
mass of intersecting monopoly rights
and therefore hinder future research
and public benefit. Heller and Eisen-
berg warned of an “anticommons”
where “multiple owners each have a
right to exclude others from a scarce re-
source and no one has an effective privi-
lege of use.”12 For translational re-
searchers, acquiring the manifold patent
rights needed to do their work could
become at best time-consuming and ex-
pensive, and at worst impossible if a
patent holder refused to grant access.
For example, in the case of hemochro-
matosis, one study found that labora-
tories stopped developing or offering ge-
netic testing for the disease after the
issuance of patents that covered the
test.13 In another example, owners of a
patented genetic test for breast cancer
have sought to block others from us-
ing the test.14

The Madey v Duke University case1

threatens to exacerbate this patent
thicket. The litigation arose after phys-
ics professor John M. J. Madey left Duke
University, but researchers there con-
tinued to operate laser equipment that
he had patented. Traditionally, inves-
tigators conducting experiments in the
pursuit of scholarly or other non-
commercial purposes can use an item
they own even though it is patented.
Madey sued Duke University for vio-
lation of his intellectual property rights,
but the university argued that its non-
profit academic status allowed it to use
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patented items for experimental or edu-
cational purposes. The Court of Ap-
peals for the Federal Circuit—the high-
est patent court under the Supreme
Court—held that the experimenta-
tion infringed on Madey’s patents and
could not be performed without his per-
mission. The court found that the fact
that research is conducted in a univer-
sity setting does not make it devoid of
commercial implications. It argued that
Duke University, “like other major re-
search institutions of higher learning,
is not shy about pursuing an aggres-
sive patent licensing program from
which it derives a not insubstantial rev-
enue stream.”1 The worrisome impli-
cation is that any research conducted
in these academic settings, no matter
how fundamental or removed from the
marketplace, may violate the rights of
those who hold patents on the re-
search tools used.

In the past several years, scientists,
policymakers, and judges have re-
sponded to the fear of a developing an-
ticommons. Some sought to put spe-
cific genetic technologies in the public
domain to prevent them from being pat-
ented.15 The USPTO finalized new
guidelines in 2001 requiring demon-
stration of a credible, specific, and sub-
stantial usefulness for all new inven-
tions,16 to make it more difficult to
patent biomedical discoveries such as
expressed sequence tags and DNA mol-
ecules encoding proteins with un-
known biological activity.

In 1997 the courts also restricted the
broad reach of certain biochemical pat-
ents, ruling on a suit brought by the
University of California against phar-
maceutical manufacturer Eli Lilly and
Company, for infringement on its pat-
ents on recombinant plasmids used to
produce insulin.17 Based on its sequenc-
ing of rat cDNA, the university claimed
rights to the cDNA encoding all mam-
malian insulin-producing plasmids.
However, the court held that since the
university’s patent covered only rat
cDNA sequences in its written descrip-
tion, it did not encompass Lilly’s hu-
man cDNA plasmid.17 The universi-
ty’s patent was thus limited to the rat

insulin, for which the commercial mar-
ket is far more limited.

Problems With Restricting
Upstream Patenting
Limiting intellectual property protec-
tion can also have damaging conse-
quences. When academic centers per-
form publicly financed basic research
and the discoveries are not protected
by a patent, private corporations can de-
velop enormously profitable clinical
products based directly on that work
without having to provide any com-
pensation in return.

The University of Rochester v GD
Searle case2 exemplifies this situation.
With support from the National Insti-
tutes of Health, Rochester researchers
studied the mechanism of action of non-
steroidal anti-inflammatory drugs on
the cyclooxygenase 2 (COX-2) and cy-
clooxygenase 1 isoenzymes, and helped
clarify how each mediates different cel-
lular processes.18 Their findings helped
define how selective inhibition of
COX-2 (primarily responsible for in-
flammation), over cyclooxygenase 1
(which mediates protection of gastric
mucosa), could have benefits over less-
selective conventional nonsteroidal
anti-inflammatory drugs by reducing
gastrointestinal damage.19,20

In the 1980s and early 1990s, the
Rochester researchers also developed an
assay for determining whether a new
drug would selectively inhibit the
COX-2 receptor. The USPTO granted
the university a patent covering both
a “method for selectively inhibiting” the
COX-2 receptor and way to measure the
capacity of new compounds to do so.21

Pharmacia was among a number of
pharmaceutical companies that sought
to develop a drug based on this discov-
ery and used the screening methods
identified in the Rochester patent to
screen more than 600 compounds over
a period of 8 months to find a work-
able, selective COX-2 inhibitor.2 When
negotiations over licensing arrange-
ments did not result in an agreement,
Pharmacia ignored the university’s
patent. Ultimately, Pharmacia (later
Pfizer, which purchased Pharmacia)

marketed celecoxib, for which annual
worldwide sales by 2003 approached
$3 billion.22

The university sued for violation of
its rights, but the Western District Court
of New York ruled that its patent was
not enforceable. Since the Rochester
team did not take the “last, critical step”
of synthesizing a specific compound,
the court found, “the inventors could
no more be said to have possessed the
complete invention claimed by the
[Rochester] patent than the alche-
mists possessed a method of turning
base metals into gold.”2 The Court of
Appeals for the Federal Circuit up-
held the decision.23 Pharmacia and
other companies owed the university
nothing.

In the marketplace for therapeutics
and other clinical products that draw
heavily on public-sector research, manu-
facturers that control the intellectual
property of the final product are free to
set high market prices and restrict ef-
forts to license the product’s use. Both
Congress and the National Institutes of
Health have tried to require companies
that develop drugs based on publicly
funded research to make their prod-
ucts available at a “reasonable price,” but
neither has been able to implement this
regulation, due to industry’s opposi-
tion to potential restrictions on its prof-
its.24 To the extent that key aspects of
medical technologies rely on studies that
were publicly funded, some critics have
begun to ask whether the citizens of the
United States are in effect paying twice
for such research.25

The outcome of the debate is likely
to have a major effect on the develop-
ment of medical products and basic sci-
ence research at universities and medi-
cal centers. While federal funding of
research in academic centers has in-
creased in recent years,26 further growth
is expected to slow sharply and public
funding in general has accounted for a
diminishing percentage of total bio-
medical research expenses.25 Limiting
basic science patenting would shift cor-
porations’ investment in academic re-
search toward “downstream” ven-
tures that can be quickly developed into
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profitable products, including the de-
velopment of known commercial quan-
tities, such as “me-too” drugs that copy
successful products already on the mar-
ket. There would be less incentive to
fund more basic research, because its
results would automatically enter the
public domain.

In addition, biomedical researchers
might be less willing to publish early
results, preferring to keep them closely
guarded until they can be carried for-
ward to become a patentable product.
A survey of academic life scientists in
1997 found that commercialization of
research was associated with delays in
publication.27 Academic centers may
also try to enter the drug development
market by themselves. Stanford Uni-
versity and the University of Califor-
nia both at San Francisco and at San
Diego have recently formed a consor-
tium to explore commercializing their
discoveries themselves.28 But universi-
ties often do not have the same ex-
pertise in these areas as established
biotechnology or pharmaceutical com-
panies, and they may not have the re-
sources to devote to the efforts, which
could hinder the pace and efficiency of
further development.

Limiting patent protection to the fi-
nal product can deprive basic science
research of the financial support it re-
quires. On the other hand, complex
cross-licensing requirements for re-
search tools and discoveries could slow
the development of new products, and
the resulting costs would be passed on
to the public in the form of even higher
prices. Intellectual property law stands
at a crossroads between these compet-
ing considerations. A few options for
reform can be considered.

Transforming Patent Policy
One possible solution would be to en-
courage the development of basic re-
search patent pools. These are agree-
ments to combine several patents under
one umbrella so that all may use and
profit from the technology for a single
licensing fee.29 Patent holders usually
create a separate business entity to co-
ordinate the pool and develop agree-

ments on sharing of the proceeds.
Patent holders benefit because in the
case of complex research techniques,
individually patented tools or discov-
eries might be of no value on their own,
and researchers benefit because they
would not have to negotiate with many
different entities for complementary in-
tellectual property rights.30

Several other industries, such as elec-
tronics and telecommunications, work
in an environment in which different
firms hold patents for small compo-
nents or processes within larger net-
works. Levin has reported that firms in
these so-called “cumulative industries”
have developed systems of “cross-
licensing their entire patent portfolios
and determining the net flow of royal-
ties by ‘scoring’ the most important pat-
ents in each portfolio.”31 Perhaps as a
result, while patenting has increased in
the last 20 years in parallel with bio-
medical science,managers in theseother
research-intensive industries report that
they consider patents less important to
protecting returns on innovation.32 At
the same time, the costs of resulting
products in electronics and telecommu-
nicationshavedecreased, inmarkedcon-
trast to the pharmaceutical industry.

Medical research may have once been
defined by discrete discoveries in indi-
vidual laboratories, but it currently
more closely resembles a cumulative in-
dustry. Like building a computer, iden-
tifying targets and engineering com-
pounds increasingly requires the
interplay of many layers of transistors
(genes) and circuits (enzyme path-
ways). By importing business models
such as patent pools, biomedical com-
panies along with government and aca-
demic research centers could develop
more efficient ways of exchanging in-
tellectual property and setting reim-
bursement without hindering progress
or driving costs to unaffordable levels.
The USPTO has suggested applying
patent pools to biotechnology as a
means of integrating the large num-
bers of patents in the field.33

Unfortunately, in this aggressive mar-
ketplace, it could be difficult to pre-
vent some participants from making un-

reasonable licensing demands. But
numerous federal and state laws re-
quire fair pricing in arenas from copy-
righted materials to corporate self-
dealing, and courts have constructed
“fair” royalty rates in cases of stolen
trade secrets.34 The same principles
could be used to guide the market-
place of patent licensing in basic bio-
medical research.

A different strategy would be to de-
sign an administrative law arbitration
mechanism to which aggrieved parties
could turn if they cannot arrive at an
agreement on their own. This scenario
has long been used in worker’s compen-
sation cases35 and has been suggested
for settling medical malpractice dis-
putes.36 The Federal Trade Commis-
sion recently proposed one way that
such a panel could function as an alter-
native to lengthy, costly litigation to pro-
vide “meaningful post-grant review” of
disagreements over the legitimacy of a
patent.37 Alternatively, we propose that
a body of experts could retrospectively
examine the development of a product
and assign equitable credit. This pro-
cess might help officially recognize a
seminal discovery that is not yet patent-
able. Such a system already exists in the
film industry for assigning positions such
as “written by” and “story by” for scripts
that result from years of collaborations
and revisions by dozens of people.38,39

Arbitrators could construct reasonable
reimbursement rates, based on market
prices, for researchers who develop the
“plotlines” for future products but do not
write the specific lines of dialogue—
for example, celecoxib could have been
conceived as written by Pharmacia,
based on a story by the University of
Rochester.

Nevertheless, such an arbitration pro-
cess would require a difficult and inher-
ently subjective analysis to assign val-
ues to different contributions. We
suggest a simpler remedy might be to re-
quire companies that make use of pub-
licly funded research to allocate to the
National Institutes of Health a percent-
age of its revenues from the product.
This approach would acknowledge that
such research is a public good, like trans-
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portation infrastructure or education,
and require those companies that profit
from it to help finance the publicly
funded science that made it possible.
This approach could significantly boost
the funds available to academic medi-
cal centers and universities. However, to
the extent that any of these arrange-
ments are constructed to resemble pre-
vious attempts to impose a “reasonable
pricing” requirement on products cre-
ated with federal funding, they could
likewise succumb to political pressure
from special interest groups like the
pharmaceutical industry.

Conclusion
For the past 25 years, academic medi-
cal centers, encouraged by federal leg-
islation, enormous markets, and con-
strained public-sector budgets, have
attempted to claim a share of the prof-
its that result when their research is

transformed into lucrative medical
products. Discouraging the patenting
of basic science discoveries and limit-
ing the breadth of biomedical patents
may provide a windfall for those who
manufacture and sell the end results of
this work, but it may do so at the ex-
pense of academic centers and others
who conduct the basic biomedical re-
search on which these products are
based. With the clinical and economic
consequences of this work increasing
each year, it is becoming ever more im-
portant to define the intellectual lin-
eage of a new product, particularly if
it proves to be an economic “block-
buster.” This can help ensure that ap-
propriate parties, from a policy and eq-
uity standpoint, are recognized for their
work without harming the efficiency of
biomedical research or threatening the
capacity to discover and disseminate fu-
ture generations of medical products.

A more nuanced attribution of “own-
ership” in basic science and biotechnol-
ogy research will be difficult, but must
be attempted. At minimum, a mecha-
nism must be sought for ensuring fair
compensation for such basic research
discoveries to the biomedical research
enterprise as a whole. The public sec-
tor community currently faces a sharp
curtailment in the rate of growth of sup-
port from the National Institutes of
Health and other federal sources. A ma-
jor goal of science policy in the coming
years will be to create a more versatile
body of intellectual property law for bio-
medical research that also rewards the
seminal work, often conducted in non-
profit institutions and funded by tax-
payer support, on which newly pat-
ented therapeutics, diagnostic tests, and
medical devices depend so heavily.
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