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Editor's Preface

Volume VII of the AUTM Journal focuses on the
importance of establishing a process for evaluating invention
disclosures and licensing activities to make the most of potential
benefits in the face of limited resources. This volume also
brings a special 'treat to the reader through Niels Reimers'
article telling how the emerging biotechnology industry was
stimulated through an innovative and rewarding licensing
strategy. An interesting piece from MIT proposes one model by
which universities can examine the contributions of technology
transfer to the economy. The Journal concludes with a caution
to licensingmanagers to guard against increasing benefits at the
expense of connnitting antitrust violations.

Julia Watson and Beth Fordham-Meier begin our
discussion with their paper, "Invention Triage: Allocating
Resources for MaximumBenefit," in which they identify criteria
that can be used to help make the difficult "go/no go" decisions
we all face in evaluating invention disclosures.

In his paper, "Appraising Inventions: The Key to
Technology Management," John Perchorowicz uses a
hypothetical case study to present a practical approach to
technology appraisal, including a risk-adjusted valuation.

A highlight included in this AUTM Journal is "Tiger by
the tail," by Niels Reimers. This paper, originallypublished by
CHEMTECH in 1987, describes the elegance, magnitude, and
importance of the Cohen-Boyer licensing program. It clearly
illustrates how the realities encountered in valuing technology
can be used to shape a licensing strategy that promotes the best
outcome.

Using information specially gathered from MITs
licensees, Lori Pressman and her co-authors evaluate MIT's
experience in stimulating investment through invention
licensing. The authors set out to assess licensing in the context
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of the objectives of the Bayh-Dole Act and to quantify the
economic impact of active exclusive patent licenses. They and
we hope that this paper will inspire other universities to employ
models to examine investment induced by each university's
licensing activities.

Kathleen Terry brings us up to the present with her
paper, "Antitrust and TechnologyLicensing," in which she warns
us that because of increased attention by the Department of
Justice to intellectual property business arrangements, it is
increasingly important to scrutinize our licenses for antitrust
violations and patent misuse. This article assists the license
drafter to recognize, analyze, and avoid potential problems.

On behalf of the AUTM Editorial Board, I extend our
sincerest thanks and appreciation to Jean Mahoney, who has
served as the Editor of the AUTM Journal since its inception six
years ago. I also welcome our new members to the Editorial
Board and look forward to their influence on the Journal.

The Editorial Board of the AUTM Journal is interested
in receiving letters and comments from its readers concerning
issues raised in published articles or on other matters of interest
to our colleagues. Letters may be considered for the "Letters to
the Editor" section or forwarded to the individual author for
reply, at the discretion of the Editor.

We encourage our readers to submit original papers on
topics of interest to professional technology managers. Those
contemplating writing an article or a letter to the Editor are
asked to contact the Managing Editor for content and review
procedures.

Beatrice Bryan, Editor
September, 1995
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Invention Triage:
Allocating Resources for Maximum Benefit

Julie M. Watson"
Beth W. Fordham-Meier"

Technology transfer professionals managing offices that are
overworked, understaffed, and undercapitalized are challenged
to allocate scarce resources productively. A system in which
resources are given only to those inventions that will derive the
greatest benefit has been termed "invention triage."

At the Eastern Regional 1993 and Annual 1994 meetings of the
Association of University Technology Managers (AUTM),
workshops were conducted in which groups of technology
transfer professionals considered sample inventions for
application of the triage system. Participants were asked to first
identify questions that are critical to determining an invention's
potential value and then, based on their hypothetical answers to
these questions, recommend the most productive course of
action for each sample invention. Participants were urged to
first consider the entire invention portfolio and then distribute
available resources to realize maximum benefit. From the
workshops, we hoped to learn the general criteria used by
technology transfer professionals to assess an invention's

• JulieM. Watson is AssistantDeanfor Research Administration at the
Bowman Gray School of Medicine and PatentAdministrator of Wake Forest
University. Beth W. Fordham-Meier is Technology Transfer Specialist at Wake
Forest University.

© 1995, Julie M. Watson and Beth W. Fordham-Meier
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2 Julie M. Watson and Beth W. Fordham-Meier

potential, and the typical action plans derived from the
application of such criteria.

The workshops allowed us to identify key factors used by
technology transfer professionals in evaluating inventions. We
also learned that, although technology transfer professionals
more aggressively pursue those inventions that they think most
promising, they seek to identify the minimum action necessary
to keep every invention alive; The results of this strategy were
predictably dismal -- participants were unable to complete their
critical assessment of the entire invention portfolio, yet still
managed to overspend their budget.

In this paper, we summarize the criteria identified by
technologytransfer professionalsas most predictive of invention
success and suggest a system for employing those criteria for
invention triage. We argue that an applied system of invention
triage, focused not on maximizing the potential of each
invention but instead on maximizing the overall return, is an
appropriate strategy when resources are scarce.

CRITERIA FOR INVENTION EVALUATION

The following criteria were identified by workshop participants
as pivotal in assessing probability of success for sample
inventions:

Intellectual Property Protection. Does the invention provide
some proprietary angle? Is the invention protectable, whether
by patent, trademark, copyright, or the possession of some
tangible property?

The workshop participants heavily weighed the potential
protectability of an invention to determine its value. In fact,
participants were tempted to concentrate on the question of
patentability as an end rather than a means to _
commercialization.
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Urgency. Workshop participants promoted even mediocre
inventions to the forefront if they faced a bar and thus a threat
to protectability. Facing a deadline limited the participants'
critical assessment of an invention; when there was a deadline,
the participants opted to protect the invention and then
considered their invention assessment complete.

Novelty. The degree of novelty and the assessment of
competitive technologies were important to the workshop
participants. Incremental improvements were considered less
valuable than major advances; even the most embryonic
inventions thought to have a high degree of novelty were
considered more valuable and thus more worthy of resources
than later-stage, but incremental, improvements.

Inventor. An inventor described as cooperative, enthusiastic, or
eager' to participate in the transfer process was thought to
increase the probability of success in transferring an invention.
Workshop participants were leery of pursuing inventions in
which the inventor was described as being uncooperative.
However, inventors who were recognized as international
experts, even if difficult and unsupportive, were considered
assets to the transfer process.

Market Size. Workshop participants. were satisfied with
determining market size and an invention's potential market
impact based on qualitative assessments. Participants who
believed that the market was "big enough" to warrant transfer
attempts did not feel that they needed to obtain hard numbers
or confirm the inventor's assessment before making a decision
to pursue.

Expertise of Technology Transfer Professional. Although not
explicitly applied, participants were biased toward inventions
that fell within their areas of expertise or past experience.
Participants readily recognized the value of even incremental
improvements in their areas of expertise and identified creative
applications of the technology that had not occurred to others.
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APPLYING INVENTION TRIAGE

Workshop participants in both AUTM sessions sought to do
something for every invention, whether or not an invention met
the criteria they had defined for success. Technology transfer
professionals are often reluctant to decline or release inventions
and, as a result, shelve some inventions indefinitely. In a triage
environment, scarce resources spread thinly across a large
invention portfolio will not result in maximum payoff. Because
it is impossible to allocate the time and money necessary to
transfer every invention, we must be willing to decline or reject
those inventions that are least deserving of our limited
resources.

In order to successfully apply a triage system for invention
management, we must critically consider whether it is more
productive to work intensely on two projects rather than less
intensely on four. We must be comfortable using others to help
us transfer those inventions that fall outside our areas of
expertise or require more resources than we can allocate.
Finally, we must be willing to say no to inventions that are not
worthy of our attention, and encourage their release through
scientificpublication. Abeyant and inactive categories should be
the exception, not the rule.

Using Assessment Criteria in a Triage Environment

Invest Your Time at the Right Time. As soon as is practical
after receivinga new invention disclosure, formulate the critical
questions that are necessary to determine the invention's
potential for success, and find a way to at least estimate
answers to those critical questions. One technology transfer
professional described her system of allocating an entire
business day to evaluating and developing an appropriate
transfer strategy for each new invention disclosure. She
reasoned that if an invention warranted her time and money to
effect its transfer, it surely warranted her time in initial critical
assessment.
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Although many technology transfer professionals are satisfied
with qualitative assessments of an invention's potential market,
it would be beneficial to obtain at least one hard number to
provide some confirmation of your instinct and the inventor's
view of the world. Developingsome rudimentary understanding
of market competition, size, and an invention's potential impact
may help you better apply a system of invention triage.

Avoid Crisis Management. Bar dates for patenting an invention
create situations that tempt us to act on projects that are urgent
but may not be important or valuable. In addition, deadlines
often inhibit our ability to carefully consider pertinent issues
that help us determine the best course of action. Although we
can't always control deadlines, we should avoid creating
emergencies by considering inventions immediately after
disclosure and allowing ourselves sufficient time for critical
assessment.

Keep Your Objective in Focus. In a triage environment, it is
critical to remain focused on your objective. If it is the
successful transfer of an invention for the public benefit that
drives your program, allocate your time and money only to
those potentially beneficial inventions that require your
specialized expertise to be transferred. Recognize that the
public interest can sometimes be better served by disclosure of
an invention through scientific publication. If the primary
objective of your program is to return dollars to your institution,
then don't spend time or money on inventions that, even if
transferred, are unlikely to provide a big payoff. Finally, unless
your program's objective is to enlarge your patent portfolio,
remember that obtaining a patent is only a part of the transfer
process and willnot ensure that an invention can be successfully
transferred. Whatever your program's mission,keep it firmly in
focus as you make day-to-day decisions to allocate scarce
resources.
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When to Say Yes

To warrant allocation of your scarce resources, an invention
should meet the following criteria:

Protectability. Protecting inventions provides incentive for
companies to transform embryonictechnologiesinto marketable
products, and therefore should be the minimum requirement for
you to pursue an invention. When assessing protectability,
concentrate as much on enforceability as on patentability. If an
invention is not protectable or you are unable to induce a
company to give you something of value for it, you should not
allocate scarce resources to effect its transfer.

Sufficient Novelty and Market Size. Determine if an invention's
potential impact is sufficient to warrant the allocation of your
time and money. This determination should not be based solely
on instinct but on at least some rudimentary market research.
Ifyou determine that the market is small and that the invention
will impact only a select few, encourage the inventor to release
the invention directly to an interested company or by
publication in scientific journals.

Consistent with Institutional Mission. Consider investing your
scarce resources only in those inventions that may benefit the
public in ways that further your institutional mission. For
example, a technologytransfer professional at a medical school
should not allocate resources to transfer a novel electronic
shooting range at the expense of inventions that may impact
patient care. In addition to issues of novelty and marketability,
think critically about the subject of an invention before
allocating your time and money to effect its transfer.

When to Say No

Lack of Protectability. If an invention is not protectable, or if
the available protection is unlikely to be enforceable, or if you
are unable to conceive of a method to induce a licensee to
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provide you with some value in exchange for the technology,
decline or release it. Your time is too valuable to allocate
precious resources in effecting transfer that could be
accomplished through scientific publication.

Low Degree of Novelty and Small Market Impact. If your
invention is only a minor improvement or will benefit only a
select few, it does not merit your time and money. Recognize
that it is appropriate for you to release technologies that may
be inventive but won't provide a big enough "bang for the
buck." Again, the suggestion is not to bury the discovery within
your institution's walls, but to release the discovery to the public
through scientific publication.

Not Consistent with Institutional Mission. If an invention has
merit but is not consistent with your institutional mission, it
does not deserve your time and money. Consider deputizing the
inventor or using a technology licensing agent to transfer the
invention, but do not allocate your scarce resources. Remember
that, in a triage environment, your resources should be directed
only toward those inventions that will provide the greatest
benefit to the public and your institution.

When to Use Others to Transfer Technology

In a triage environment, certain inventions may have merit but
do not meet all of the criteria for success. Other inventions that
are less embryonic and more readily marketable, or that fall
outside your areas of technical or licensing expertise, may not
require your time and attention to be transferred. Rather than
passively marketing or forever relegating these inventions to an
abeyant category, consider whether they might be successfully
transferred by others without diverting resources from those
inventions that do need your particular expertise. Begin to think
of yourself as a general practitioner that sometimes needs to
refer certain inventions to a specialist or a paraprofessional.
Options for using others to transfer technology include:
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Deputizing the Inventor. Consider using the inventor to market
his or her invention if he or she is enthusiastic, eager to
participate directly in the transfer process,and understands how
technology transfer furthers your institutional goals. Clearly, the
inventor must keep you informed and recognize your authority
on transfer issues, especially during the license negotiation
stage. However, the inventor is the expert of his or her
invention and can assist in the transfer process by effectively
becoming an extension of your office.

Use a Technology LicensingAgent.Consider using a technology
licensing agent if an invention requires a highly complicated
license strategy that may be a significant drain on your scarce
resources. If you are unable to allocate necessary resources to
a worthy project, it is sometimes appropriate to seek the help
of an agent. likewise, an invention that falls outside your areas
of expertise may be better exploited by an agent that
understands and has contacts in the pertinent field. Technology
licensing agents are also helpful if you have a conflictwith your
inventor -- an agent may be what is needed to form a more
cohesive licensing team.

CONCLUSION

An invention triage system, conscientiously applied, should
effectively reduce your workload and increase the productivity
of your efforts. Critical assessment of each invention at the
evaluation stage can minimize hours spent on unproductive or
futile activity later in the process. Before adding an invention
to your active portfolio, convinceyourself that it provides some
proprietary protection, is of sufficient novelty and market
potential to warrant the hours and dollars you will invest, and
fits within your institutional mission. If the invention doesn't
meet these criteria, eliminate it sooner rather than later.

We are not always in a triage environment and often have
conflicting objectives. Inventor satisfaction demands, portfolio
development, and economic development activities can
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intervene and influence resource allocation decisions. Even in
these situations, though, strive to critically evaluate both the
invention and your options, and understand the effect these
decisions have on your overall program. Avoid simply asking
yourself, "Can I do something with this invention?" The answer
is too often yes, and striving to maximize the potential of every
invention is aluxury your program may be unable to afford.





Appraising Inventions:
The Key to Technology Management

John T. Perchorowicz, Ph.n:

ABSTRACT

The process of developing a commercialization strategy for an
invention begins with evaluation of its commercial potential at
its current state of development. The evaluation includes
assessments of technical feasibility, patentability, and
marketability. Further appraisal of risk and time factors, costs,
and estimated revenue yields a risk-adjusted present value. A
hypothetical septic shock treatment provides a model of an
appraisal that includes estimates of market demand and
penetration, royalties and income.

• John T. Perchorowicz, Ph.D., is an Associate in the Institutional
Relations Group of Research Corporation Technologies.

e 1995, John T. Perchorowicz
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12 John T. Perchorowicz

INTRODUCTION

When an organization seeks to maximize the value of an
invention through development or licensing, the
commercialization process .begins with an appraisal that
includes analysis of technology, patentability, and marketability,
as well as calculation of the expected value through the term of
the patent. Technology managers allocate limited human and
financial resources to inventions in their portfolios on the basis
of rational assessments of factors such as anticipated risk, cost,
time, and revenue.

The hypothetical case in this article presents a greatly simplified
example of RCT's approach to technology appraisal.

TECHNICAL ASSESSMENT

The technical assessment defines the inventive concept, its
theoretical basis and scope, as well as potential commercial
applications and technical value.

A broad, objective review of fields in which the invention may
have an impact requires unbiased research by an individual who
understands the technology from a scientific perspective.

Resources available to the assessor include the inventors, their
academic and industrial contacts, and searches of published
technical articles and patents. Inventors often recognize their
colleagues' technical publications but they rarely investigate
patents. Often, industrial contacts provide useful information
despite their biases and potential conflicts.

A vision of potential products results from an understanding of
the invention's technical limitations. The assessor must identify
other technologies required for commercialization,
unprecedented products or markets, potential for circumvention
of the patent, difficulty of detecting infringement, potential
users of the technology and their motivations, and the costs and
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benefits of adopting the technology in comparison to available
or anticipated functional equivalents.

PATENTABILIlY ASSESSMENT

An assessment of patentability provides a basis for.formulation
of patent strategy and an understanding of. the strategy's
strengths and weaknesses in relation to potential markets for
defined products. An initial investigation reveals any bars to
patent rights due to publications or failure to meet
requirements for utilityand enablement. Licensable claimsmust
adequately cover the envisioned products.

A monopoly advantage enables the seller to induce and protect
investments in product development. If a monopoly is
unavailable, then a dominant patent position yields more value
than a subservient position. The ability to either dominate
follow-on technology or block current technology will provide
value and leverage in licensing..

Geographic breadth of patents in countries where the invention
will be practiced protects both licensee and licensor in their
efforts to exclude competition for a time and maximize return.

Practicality and economic feasibility determine the capacity to
enforce patents. Consider, for example, a new, unapproved use
for a drug that is currently marketed for an approved use.
Physicians could infringe patent claims for the new use by
writing prescriptions for the unapproved use of the drug. Such
infringements prove difficult to detect and costly to prosecute
case by case.

Finally, infringements of patent claims to a process for making
a product obtainable by other means may prove difficult to
detect, unless the product bears traces of the claimed process.
Alternatively, an unpatented process may" circumvent the
contemplated patent. Consideration of all these factors permits
a determination of a patent's value to the licensee.
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MARKET ASSESSMENT

The goals in market assessment include determination of the
technology's expected value in marketable products,
identification of potential licensees, and development of a
commercialization strategy.After identification of optimum and
secondary commercialization paths, the licensor can estimate
appropriate royalty rates. While royalty rates bear directly on
value, we need not repeat here the many published techniques
for their determination. Rates and calculation theories vary
among industries and technologies, based in part on their
impact upon the final product's value.

Other factors that may require consideration include exclusivity,
developmental investments,start-up companies,marketing costs
and environment, competing technologies or products, and the
target industry'S receptivity to new ideas and willingness to
invest in them.

FINANCIAL ANALYSIS

A financial analysis estimates the present value of a technology,
an important value for planning decisions such as whether to

. allocate resources to commercializing the invention,and how to
structure and value investments. While technical, market, and
patentability factors impact analyses, true value determinations
also consider risk factors, costs, time, and revenue.

A naive analysis would set the present value of an incremental
improvement to a technology-say, a cure for a disease-based
on the erroneous assumption that the market equals current
expenditures for treatment of the disease.

The more sophisticated analysis modeled below values a
product for the interdiction or treatment of septic shock. Septic
shock results when patients with systemic bacterial infection
experience circulatory collapse, a severe drop in blood pressure
with its associated complications. This blood pressure drop
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generally occurs rapidly, does not respond well to the usual
pressor agents, and often leads to death within 24 hours. Each
year in the United States and Europe, one million people
develop sepsis and 35% die of the disease.

Rather than an intervention in the infectious cause of septic
shock, this technology merely allows maintenance of blood
pressure, prolonging the period during which the bacterial
infection can be treated. The data in this example offer only an
illustration rather than an exhaustive analysis.

The analysis begins with the patent's filing date, in this case of
a GAIT patent that will expire 20 years from that date. This
determines the period of time duringwhichrevenue can accrue-.

Next the appraiser determines the number of septic shock
patients that could benefit from the treatment, how many will
be treated, and how that number might change with time based
on the expected date of product marketing and the percentage
of market that would be captured if this were the sole available
treatment. A treatment price provides the basis for an
approximate calculation of sales and income, assuminga royalty
rate reasonable to the industry.

Table 1 showsa financial analysis that employs these factors to
calculate a present value for the royalty stream of about $23
million, calculated at a discount rate of 12%. Costs of patenting,
development, and marketing are excluded in this table.
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Table 1. Market for Septic Shock Treatment

Patients
(thousands) Market Treatment Royalty lilt

Year Sepsis Shock Penetration Market 5%
(%) ($K) ($K)

1995 1,000 500 ° ° °
1996 1,010 505 ° ° °
1997 1,020 510 ° ° °
1998 1,030 515 ° ° °
1999 1,041 520 ° ° °

.

2000 1,051 526 ° ° °
2001 1,062 531 30 47,768 2,388 .

2002 1,072 536 65 104,533 5,227

2003 1,083 541 80 129,943 6,497

2004 1,094 547 90 147,648 7,382

2005 1,105 552 90 149,124 7,456

2006 1,116 558 90 150,615 7,531

2007 1,127 563 90 152,121 7,606

2008 1,138 569 90 153,643 7,682

2009 1,149 575 90 155,179 7,759

2010 1,161 580 90 156,731 7,837

2011 1,173 586 90 158,298 7,915

2012 1,184 592 90 159,881 7,994

2013 1,196 598 90 161,480 8,074

2014 1,208 604 90 163,095 8,155

2015 1,220 610 90 164,726 8,236

Present Value at 12%: I 22,736
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The model assumes that the invention occurred in 1994, no
divulgation created a patent bar, and a provisional patent
application was filed in 1995 to gain a year toward a formal
filing and start of the clock toward patent expiration. For
simplicity, this example assumes that one worldwide patent
application was filed and that all patent actions occurred on the
first day of the year. The patent therefore expires at the end of
2015, together with the right to collect royalties.

We also assume that one million people in regions covered by
patents will contract sepsis in 1995. Estimating conservatively,
the patient population increases 1% per year. Half will
experience septic shock, including the symptoms of circulatory
collapse described above for which the product is appropriate.
Nearly all patients who experience shock will be treated. The
cost of the treatment is set at $300.

The model further assumes that a product will achieve
development, FDA approval, and marketing by 2001. During
that first year of product life, the treatment will capture 30% of
the potential market, ramping up to 90% over three years and
maintaining that level for the life of the patent.

We can now calculate the market size and the royalty return
based on a royalty rate of 5%. Calculating a present value at a
discount rate of 12% yields $22.7 million.

The large present value of the royalty stream predicted by this
best-case scenario seems to call for commercialization of the
invention. However, this model does not account for the risks
associated with developing the product and bringing it to
market. The present value falls to $98,000 after adjustment for
the risk factors sununarized in Table 2.
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Table2 Impact of Risk Factors on Present Value

Risk Factor
Risk-Adjusted

Probability Present Value

Patent issues in strength and
geographic breadth desired 80%

Patent survives future legal challenges 90%
Company licenses project

in current state of development. l0%
Regulators grant final approval., 1%
Public accepts product. , l00%
Public prefers product. 60%

$18,189,000
$16,370,000

$1,637,000
$164,000
$164,000
$98,000

Selection and quantification of appropriate risk factors results
from extensive experience, research, and debate. These
numbers, while inexact, provide a framework for rigorous
critical analysis of a project's value, trackable over time as the
probabilities of factors change.

At the time of most technology appraisals, the patent has not
been filed. Additionally, despite the inventor's knowledge
about his scientific competitors, the appraiser must conduct
adequate industrial research to gain a sense of the anticipated
patent's ability to dominate competing technologies. This
perspective permits prospective licenseesor investors to gauge
potential returns.

The geographic breadth of patents also directly influences the
ability to collect royalties. We could further assign a probability
of patents issuing in each geographic region of importance and
include a factor for each patent's strength. All of these risk
factors change fluidly as additional information becomes
available.

Ifwe multiply the probability of obtaining a patent, set at 80%,
by the probability of its surviving legal challenges, set at 90%,
the overall probability of patent success falls to 72% at present.
Because anticipated patents issue in all important areas, the
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80% probability of issuance rises to 100% and ceases to
negativelyimpact value, while the probability of surviving legal
challenges may also change.

Similarly, each stage of technical development merits
assignment of a degree of risk. University-derived technologies
rarely permit easy assessment of the value of final products.
Usually years of high-cost research precede product definition,
development, and introduction.

The non-risk-adjusted value in the model assumed an existing
product. Realistic risk factors include the project's
attractiveness at its current state of development to a
prospective licensee. This factor is influenced by performance
of additional research to reduce the risk perceived by the
licensee.

A more difficult assessment to control, the ability of a licensee
to produce a marketable product, varies according to intensity
of motivation, availability of capital, and influence of the
product champion in driving the development process.

Recently, several products designed to interrupt the
physiological progression in sepsis leading to circulatory
collapse failed to gain regulatory approval following clinical
trials. In light of this experience, we estimate the probability of
licensing success for the product in its current state of
development at only 10%. The potential licensee might view
this as the probability of successfully obtaining regulatory
approval. This probability would increase as additional data
demonstrate the safety and efficacy of the treatment.

The likelihood of final regulatory approval might not exceed
1% based on industry experience with technologies at an
equally early stage. If the compound proves effective in acute­
care settings when administered for short time periods, long­
term toxicity and safety issues may not arise. If these issues
became significant, the estimate of probability of successwould
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decrease. The compound must complete pre-clinical trials and
Phase I, II, and III clinical trials. In this case, investigators can
easily measure the uncomplicated end points for clinical trials:
blood pressure or mortality. We anticipate low toxicity based on
available information. At any point in the regulatory process,
failure will drive the probability of success to zero along with
the present value of the technology. Conversely, this probability
increases upon achievement of regulatory milestones.

Public acceptance generally follows approval by regulatory
authorities. In this case we define the consumer as the
prescribing physician. In Table 1, a market penetration of 90%
represents knowledge of the need for intervention and
recognition of a particular treatment. We assume a probability
of acceptance by physicians of 100%. Note that this factor
differs from market share as discussed below..

Patients could, of course, refuse treatment despite the advice of
their physician. Recent products that encountered consumer
resistance despite regulatory approval include genetically
engineered tomatoes and milk produced using hormones.

Ability to differentiate the product relates to consumer
preference. Although we have identified no competitors so far,
some probably will appear eventually. The risk factor for
competition depends on how users view this technology's
differential utility, such as decreased side effects or increased
benefits.

The model assumes that the product will reach the market first,
capturing significant market share and recognition as an
effective treatment. Assuming that competing products reduce
this preference by 40%, we set the factor for product
differentiation at 60%.

We calculate the probability of achieving success by multiplying
together all of the assigned probabilities. For our example, this
probability approximates 0.04% or 1 in 2,000. Based upon past
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experience with technologies at a similar stage of development
and risk profile, this probability proves sufficient to attract
investment interest compared to most university-derived
technologies.

Alternatively, to value an investment in the technology or to sell
it outright, we could multiply the probability of achieving the
present value derived in Table 1 by the probability of attaining
successful introduction (the product of all of the probabilities
in Table 2). This yields a value of about $100,000 for the
invention at its present state of development.

This estimated value should achieve accuracy within an order
of magnitude if it employs reasonably accurate risk factors.
Frequently, errors arise from inclusion of the same risk in more
than one factor or from over- or under-estimating requirements
for commercializing the invention. Naturally the accuracy of
estimates increases as a product approaches realization.

How can we apply these estimated values? In addition to the
previously mentioned determination of selling price, the
estimate permits allocation of constrained resources to
maximize value. Valuing technologies allows prioritizing of
development efforts. .

Additionally, we can examine the impact of alternative actions
on value. For example, the value added by experiments that the
inventor might do to reduce risk can be estimated against the
cost in dollars or equity ownership. Similarly, an investor who
funds successfulexperiments may expect to receive an increased
share of equity in return for the investment. Alternatively, the
investor withholds funding if the cost of a particular .step
outweighs an increase in value.

Time rules the commercialization process, particularly revenue
production. Although we can license a patent application, we
could not enforce it against infringement prior to issuance. Thus
we seek a licensee who will commercialize the invention as
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quickly as possible to generate royalty income over the longest
possible period until patent expiration. For our case study,
royalties could reach $20,000 per day in the best-case scenario.
Each day lost reduces income once the patent clock begins to
run down.

An exclusive licensee will demonstrate high motivation to
maximize return on investment by marketing a product as soon
as possible, particularly if generic products promise to reduce
market share and product price upon the expiration of the
patent. Licensees of pharmaceuticals may experience difficulty
in strengthening a monopoly position during the life of the
original patent with new patentable material. Regardless, the
licensor probably will not share in revenue derived from such
additional patents.

Costs of developing and maintaining the technology also
negatively impact the revenue stream in a number of ways. The
licensor's cost of obtaining and defending patents is not
included, because it probably will approximate the cost for
similar pharmaceutical projects.

Likewise we excluded the licensee's development cost, which
would figure into such revenue calculations as the amount of
pre-royalty payments likely to be extracted. We included these
costs indirectly in setting the probability of obtaining a license
and gaining regulatory approval. A licensee performing this
same exercise would balance its calculations of cost to license
and develop product against expected profit. A licensor can
take these into account when determining the type of licensee
capable of affording the development of a technology.

This model, modified as needed over the life of a technology,
guides allocation of resources, pricing of deals, and valuation of
equity and investments. Much experience and research must
inform the selection of the numbers entered into the simple
spreadsheet and probabilities assigned to the risk profile. This
effort affords a rational basis for making decisions about the
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value of a technology and the factors affecting its
commercialization.
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Tiger by the tail

When Stanford tried to license a recombinant DNA discovery, the legal
implications and regulations of biotech were still untamed wilderness.

Niels Reimers'

It all began on a balmy evening in Hawaii at a Waikiki Beach
delicatessen where Stanley Cohen of Stanford and Herbert
Boyer of the University of California at San Francisco were
excitedlyengaged in a conversation. This conversation occurred
in November 1972, at the time of a United States-Japan joint
meeting on bacterial plasmids.

Herbert Boyer had been workingon restriction enzymes, which
"cleave" DNA at a particular site. Meanwhile, Stanley Cohen
had been working in his laboratory on plasmid DNA. They
contemplated that, with Boyer's restriction enzymes and
Cohen's plasmid technology, it might be possible to insert
foreign DNA into a plasmid, insert that plasmid into a living
organism, and have that living organism replicate and produce
expression products as directed by the foreign genetic
information (Figure 1).

By March 1973, Cohen and Boyer achieved success in DNA
cloning. They immediately perceived the importance of their
discovery and began to prepare a publication, which appeared
in November 1973. Prior to this publication, in June 1973,

• Niels Reimers, formerly the director of the Office of Technology
Licensing at Stanford University, is now a principal at Intellect Partners in Palo
Alto, California. This article is reprinted with permission from CHEMTECH,
August 1987, 17 (8), pp. 464-471.
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Boyer attended a Gordon conference at which molecular
biologistsimmediately recognized the incredible potential of the
discovery. Some believed that Pandora's box had been opened
and a possibility now existed that manmade organisms could
escape from a laboratory and cause unknown diseases. One
month after the Gordon conference, Maxine Singer and
Heinrich SolI sent the National Academy of Sciences a
thoughtful letter that initiated debate over the safety of
recombinant DNA research. The letter waspublished in Science
but aroused little public interest.

Figure 1
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Another letter to Science, published in July 1974, did get the
public's attention. This was by Nobel Laureate Paul Berg of
Stanford and 10 other scientists (including Cohen and Boyer)
who called for the National Institutes of Health (NIH) to
establish safety guidelines for recombinant DNA research and
asked scientists to observe a moratorium on certain DNA
research of unknown biological hazard pending the issuing of
those guidelines. We'll come back to the safety issue later.

In early April 1974, Vic McElheny, then a science writer for the
New York Times and now a research associate at the
Massachusetts Institute of Technology(MIT), noticed an article
regarding the repressor gene. In pursuing this story, he learned
two interesting facts. One was that there had been a meeting in
Cambridge, Mass., to draft "the letter" by Paul Berg, et.al.,
referred to above. The other fact was that there was a paper
about to be published in the Proceedings of the National
Academy ofSciences (PNAS), by Cohen, Boyer, and colleagues,
entitled "Replicationand Transcription of Eukaryotic DNA in
Escherichia coli." Genetic information from a toad was
successfully introduced into bacteria, crossing the species
border. This work led McElheny back to the November 1973
PNAS article. McElheny'sarticle in the New York Times on May
20, ·1974, was forwarded to me that same day by Bob Byers,
campus news director at Stanford University. This was my first
knowledge of the work, and it looked like a promising licensing
opportunity. Later that day, I received a news release from
Stanford's Medical Center News Bureau, announcing the
research results and their implications.

I called Stan Cohen to discuss the potential practical
applications of this research. He acknowledged that the
discovery was of great scientific significance, but he stressed
that he did not want to have it patented and that, although
there was great potential, significant commercial application
might not occur for 20 years. After considerable discussion, he
finally agreed that a patent application could be investigated.
This investigation led me to Herb Boyer of the University of
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California (DC) at San Francisco who, after some discussion,
agreed to cooperate on the basis of Stan Cohen's willingness.

We contacted Josephine Olpaka, of the DC Patent Office, with
the proposition that if the rights in the invention could be
straightened out, assumingCohen and Boyer were co-inventors,
Stanford would manage the patenting and licensing of the
technology, sharing net royalties 50-50 after deduction of 15%
of gross income to Stanford for administrative costs and then
deducting out-of-pocket patent and licensing expenses.
Agreement was reached between the university and the
inventors. But there was another hurdle.

In the storm of applications

Three research sponsors were involved in the discovery: the
American Cancer Society, the National Science Foundation
(NSF), and NIH. We were not aware of a precedent where the
American Cancer Society had released any invention to any
grantee. Eventually, the American Cancer Society, NSF, and
NIH all agreed that the invention could be administered on
behalf of the public under the terms of Stanford's "institutional
patent agreement" with NIH. These administrative matters got
straightened out just in time for us to file a patent application
on Nov. 4, 1974--one week before the one-year U.S. patent bar
was to occur on the basis of the November 1973 PNAS
publication.

Remember, we learned about the discovery many months after
publication; the delay precluded our chances of getting patent
coverage in other countries. (For moreinformation on patenting
biotechnology, see References 1 and 2.--Editor.)

In the meantime, the informal moratorium on recombinant
DNA research continued. In December 1974, scientists were
invited to an international conference to review the progress,
opportunities, potential dangers, and possible remedies
associated with the construction and introduction of engineered
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recombinant DNA molecules into living cells. The conference
was held at the Asilomar Conference Center on California's
Monterey Peninsula and was sponsored by NAS with funding
provided by NIH and NSF.

Throughout this period and later, a patent application covering
a 1972work of Ananda Chakrabarty, a biologistworkingfor the
General Electric Company (GE), was making its way through
the U.S. Patent Office. He had made a bacterium that could
break down multiple components of crude oil. He did not
engineer the bacterium through gene splicing and cloning; he
used conventional genetic manipulation techniques. It appeared
that this bacterium's appetite might have significant value for
treatment of oil spills.

GE's patent application covered claims to the method of
producing the bacteria, the bacteria combined with a carrier
material, and the bacteria themselves. The patent examiner
allowed the method and combination claims but rejected the
claims for the bacteria per se, indicating that micro-organisms
are products of nature and that as living things they are not
patentable subject matter. GE appealed. We will come back to
the progress of that case later in this chronology.

The meeting at Asilomar was well attended both by scientists
and the media. In his article in Rolling Stone, entitled "The
Pandora's Box Congress," Michael Rogers summarized the
conference activities: "The conference--four intense, 12-hour
days of deliberation on the ethics of genetic manipulation-­
should survive in texts yet to be written, as both landmark and
watershed in the evolution of social conscience in the scientific
community." He quoted a scientist as remarking, "Naturedoes
not need to be legislated, but playing God does."

The moratorium was lifted, and recombinant DNA research was
resumed, but under strict self-imposed laboratory safety
guidelines. These became required of NIH grantees as a
condition of research support. The guidelines involvedlevels of
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physical and biological containment. An example of biological
containment might be use of an organism that would not
survive outside of the laboratory environment.

The media and public suddenly discovered recombinant DNA.
One article about DNA cloning and its implications was titled,
"Dr. Jekyll and Mr. Hyde and Mr. Hyde and Mr. Hyde." Other
headlines included "Regulating Recombinant DNA Research:
Pulling Back from the Apocalypse," "New Strains of Life--or
Death," and "Playing God with DNA." Erwin Chargoff wrote in
Science in June 1976, "Have we the right to counteract
irreversibly, the evolutionary wisdom of millions of years, in
order to satisfy the ambition and the curiosity of a few
scientists?"

Into this atmosphere came the news that the basic recombinant
DNA technique had been patented, although our case was still
in the patent application stage at that time and had not yet
been made public. This occurred during a meeting at MIT in
June 1976. Patents meant corporate involvement to some who
maintained that the profit motive clearly would drive
recombinant DNA research into dangerous areas. More articles
appeared: "Genetic Manipulation to Be Patented," and
"Stanford, U. Calif. Seek Patent on Genetic Research
Technique."

Getting mighty crowded

In May 1976, Stanford scientists and administrators met within
Stanford to discuss the university's policy and practices with
respect to patenting biotechnology discoveries, particularly the
recombinant DNA patent. There were concerns that patents
would interfere with scientific communication. There was also
a concern about a perception by the public that Stanford would
have a conflict of interest with respect to recombinant DNA
safety issues: if it were to hold a proprietary interest in
recombinant DNA work. It was decided that the university
would open these issues for review at a national public policy
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level. Robert Rosenzweig, then Stanford Vice-President of
Public Affairs, wrote NIH Director Donald Fredrickson, asking
the government's views on the appropriateness of Stanford
patenting and licensing recombinant DNA discoveries.

Meetings were held within the government. Norman Latker,
then patent counsel for the Department of Health, Education,
and Welfare, told me of a July 1976 meeting at NIH where he
"walked into a den of scientistswithout a patent understanding."
Over and over throughout this controversy, it was necessary to
explain the patent system's role in encouraging innovation and
being the antithesis of secrecy to scientists who had had no
exposure to it. The government considered the following
options:

• Abandon the patent

• Let the patent issue and require Stanford to dedicate it
to the public

• Let Stanford license, but with government controls

• Review all licensing arrangements

• Review no licensing arrangements

• Require nonexclusive licensing only

• Impose no restrictions other than those already present
in the terms of Stanford's institutional patent agreement

• Take title and handle any licensing

The patent issue was brought to the NIH Recombinant DNA
Advisory Committee. Fredrickson wrote to the committee to
raise the question of whether patents inhibit dissemination of
research information. This stimulated me to write to
Frederickson, conveying to him my experience: "Iam not aware
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of any economic, administrative, or physicalforce that will stop
or delay a dedicated scientist at a university from promptly
publishing his or her research findings, whenever he or she is
ready to do so. From a pragmatic point of view, it would be
fatal to the licensing program at this or any other university if
an administrator delayed a scientist's publication in order to
secure a patent position."

By September 1976, everyone was in the act, including Senator
Edward Kennedy.After Fredrickson's prepared testimony about
the safety issues at hearings held by Senator Kennedy, the
senator asked, "Well, what about the patents?" Frederickson
responded, noting Stanford's willingness to consider
modification of its institutional patent agreement as it related
to the recombinant DNA patent situation. He also advised that
comment on patent issues was being requested not only from
the NIH Recombinant DNA Advisory Committee but from
those who participated in the public hearings on the
recombinant DNA guidelines, as well as the public at large.

Fredrickson, in explaining the institutional patent agreement,
added that through a licensing program, corporations could be
encouraged to follow the recombinant DNA safety guidelines.
At that time, the recombinant DNA safetyguidelines could only
be required of entities that accepted government research
funds.

Two years after Rosenzweig's letter, the government, through
a March 2, 1978, letter from Fredrickson, reaffirmed that it was
appropriate that universities should, in general, patent and
license recombinant DNA inventions provided that industry
licensees complywith standards set forth in the NIH guidelines
on research involving recombinant DNA molecules.

In the meantime, the public became aware of the GE patent
application on "patenting of life." Recall, GE had appealed the
rejection of the patent examiner on the patenting of micro-
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organisms as products of nature. GE eventuallyappealed to the
Supreme Court, which agreed to hear the case.

Many articles began to appear about the commercial potential
of the technology. Genentech and other biotechnology
companies were formed. The military aspects of DNA cloning
were discussed. An article in the Los Angeles Times was
headlined, "RussBelieved Plunging Into Gene Study--New Labs
Could Lead to Development of Biological Weapons."

Finally eight years after the patent examiner's final rejection, on
June 16, 1980, the Supreme Court held five to four that a living,
manmade micro-organism is patentable subject matter. The
Supreme Court based its decision on the fact that the Congress
had used expansive terms in writing the patent laws, and
therefore, they should be givenwide scope. The Court c;,ted the
evidence that Congress intended statutory subject matter to
"include anything under the sun that is made by man."

Supreme Court Chief Justice Warren Burger, writing for the
majority, stated that ."the patentee has produced a new
bacterium with markedly different characteristics from any
found in nature and one having potential for significant utility.
His discovery is not nature's handiwork, but his own;
accordingly, it is patentable subject matter under Section 101."

But let us return at this juncture to the Stanford and DC patent
application and our licensing program. The application,
originally filed on Nov. 4, 1974, covered both the process of
making and the composition for biologically functional
"chimeras." (A chimera is a mythical hybrid creature of two
species, such as man and goat.) During the course of
prosecution of the application, the patent examiner, Alvin
Tanenholtz, indicated to our patent attorney, Bertram Rowland,
that he was willing to allow process claims that described the
basic methods for producing biological transformants, but that
he was not willingto allow claimson the biological material per
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se. The original patent application was then divided into
"product" and "process" applications.

The process patent issued on Dec. 2, 1980 (Figure 2). Note that
this occurred only six months after the Supreme Court's
decision called by some as allowing "the patenting of life."Many
perceived that issuance of the Cohen-Boyer process patent
resulted from the Supreme Court decision. However, that
decision related only to claimsof our product application, which
at that time was still pending prosecution in the Patent Office.

In the period between the Supreme Court's decision and our
patent issuance, Genentech went public, experiencing a huge
public demand for its stock.

Open house

We had tried something different in the prosecution of this
patent. We reasoned that the patents, when issued, would
underlie the entire field of genetic engineering. This clearly
dictated, very early,a nonexclusive licensingstrategy.And, given
that we would seek to license the entire industry, challenges to
the patents in the courts seemed certain. As a strategic move to
enhance the validity of the patents, we determined to open the
patent process to the public. (Normally, a patent application is
held confidential by the Patent Office until its issue, when the
entire prosecution history is made available for public review.)
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We announcedthat anyone who was aware offactors that might
affect the patent's validity was invited to make them known to
the Patent Office. The patent file history was opened to anyone
as we waived our right of secrecy. The demand for the file
history was such that at one time more than 30 requestors were
waiting to see it. Because that file then was not available to the
examiner and prosecution of the patent might have been
delayed, the Patent Office made additional copies for public
review. Any company seeking to challenge the validity of the
patents after their issue would have the burden of justifying why
they had not raised those issues with the Patent Office during
patent prosecution.

Additional factors were, indeed, brought to the Patent Office.
In October 1981, a conference on "Patenting of Life Forms,"
organized by James T. Watson, was convened at Cold Springs
Harbor Laboratories. In a postconference paper, an article by
Albert Halluin, then of Exxon, brought perhaps the most
significant new factors to the attention of the patent examiner.

We eventually closed the file in early 1983, largely because of
the speculative articles in the media that accompanied every
Patent Office action and every Stanford response. (In the
prosecution of a patent application, a series of rejections by the
patent examiner and responses by the patent attorney occur
until the patent issues, or a final rejection occurs.) By then, the
opening of the file had served its purpose. As a result of the
open process, we believe the patents will have unusually strong
presumptions of validity.

As I mentioned above, the original apPliCatio.ivided into
a process patent (which issued Dec. 2, 1980) and a product
patent application. The product application was again divided
into an application covering prokaryotic hosts and another
covering eukaryotic hosts. The prokaryotic product patent issued
Aug. 28, 1984. The eukaryotic patent application is still before
the Patent Office.
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Recombinant DNA licensing

We had to consider a number of factors in devising a licensing
strategy for an invention for which products. had never been
sold and which would apply not only to many diverse
established industries, but in addition to the then newly
emerging biotechnology industry. Our objectives were to
develop a licensing program consistent with the public service
ideals of the university, to encourage the application of genetic
engineering technology for public use and benefit, to minimize
the potential for biohazardous development, and finally, to
provide a source of income for educational and research
purposes.

Because the patents covered a basic process underlying many
potential uses, any license would have to be suitable fona large.
number of applications, including not only companies
specializing in biotechnology but existing companies in
chemical, agricultural, pharmaceutical, mining, oil, and other
industries. We could also anticipate that small as well as large
companies and newly formed companies would utilize the
technology.

It was also necessary to recognize that only U.S. patents were
available because of prior publication. Because a patent covers
the making, using, and selling ofa technology, onerous earned
royalty terms could drive a manufacturer to utilize the process
offshore, paying royalties only on sales back to the United
States.

At the time we began our licensing effort, only the process
patent had issued. Hence a company could make the product
Overseas using the patented process and sell that product in the
United States without infringing the process patent, having
utilized the process in a country where we.did not have patent
protection. We decided to investigate the International Trade
Commission (ITC) as a means of addressing this potential
problem. The ITC enforces Section 337 of the Tariff Act of
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1930, which prohibits certain unfair methods of competition and
unfair acts in the importation of articles into the United States.
Of particular interest to us were remedies available to a U.S.
manufacturer whose method patent is subject to an unlicensed
competitor who practices the patented method abroad and sells
the noninfringing product in the United States. A favorable
decision could, involve exclusion orders, or cease-and-desist
orders, directed to preventing the importation of the goods
involved.

We obtained a favorable written opinion from a law firm
- experienced in HC dealings suggesting that the ITC could stop

products made overseas with recombinant DNA technology at
the U.S. border. We distributed this opinion freely to foreign
companies.

We also needed to consider that a patent grant is limited to 17
years. Because the development, testing, and regulatory
approvals could take up to 10 years or more, there was a
possibility that the patent could expire before royalty-bearing
products would reach the marketplace. We had filed a "terminal
disclaimer" with the Patent Office in 1980, when the first
process patent application issued. The terminal disclaimer
meant that regardless of how long the divisional patent
applications were prosecuted before the Patent Office, those
patents, once issued, would expire on Dec. 2, 1997, the same
date of expiration as the 1980 patent. The Patent Office often
requires terminal disclaimers to prevent an applicant seeking to
extend patent life from filing continuation applications.

For us, these factors argued for initiating a licensing program
as soon as possible. This was also considered desirable from the
standpoint of many companies, desiring some certainty both
that a license could be obtained and knowing the royalty terms
that would be factored into their financial decisions. High
earned royalties in certain cases could preclude substitution of
recombinant DNA-made products over existing products.
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In early August 1981, we announced the availabilityof licenses.
This was a significant news item, and broad media coverage
occurred. But to be even more certain that companies intending
to use recombinant DNA technology would be advised of the
license's availability, we placed paid announcements in Science
and Nature. Terms of the license announced in August were
only guaranteed for those companies signingup before Dec. 15,
1981. Hence, if a company desired certainty, it might choose to .
take a license before Dec. 15 because possible future changes
to the license agreement were not divulged. However, the
general perception was that royalty terms would increase.

In designing terms of the license, we held discussions with
companies known to be practicing the technology to learn of
any "deal-breaking" terms. One license clause that took
considerable discussion related to application of the
recombinant DNA safety guidelines. Because we had neither
the desire, capability, nor the charge to become a regulatory
agency for enforcement of the guidelines, an early draft clause
provided that the NIH be involved in this role. However, the
NIH also did not wish to become a regulatory agency. The
clause that emerged from discussions with NIH and companies
required the licensee to follow. the intent of the recombinant
DNA safety guidelines. It should be noted that bythis time the
biotechnology industry voluntarily had agreed to follow the'
guidelines.

A $10,000 miriimum annual advance on royalties was
determined as reasonable even for small companies intending
to practice in the biotechnology marketplace. As a further
encouragement for licensees to sign up before Dec. 15, 1981, a
five-times credit on the $10,000 minimum animal advance on
royalties was offered in the original license agreement-that is,
for each $10,000 payment, the licensee would receive a $50,000 .
credit against future earned royalties. A companycculdaccrtre .
this credit for five years or until the first Calendaryear in \yhich
over $1 million of end product was sold. Becausethere was'a'"
$10,000 signing fee that also received the five-times credit,



40 Niels Reimers

licensees could accumulate a credit as much as $300,000. And
most have, as a relatively small number of companies to date
have had annual recombinant DNA product sales over $1
million.

Fixing a price tag

Determining the royalty structure took a great deal of thought.
It was necessary to consider all forms of the technology's
utilization. This included determination of classes of royalty
bases against which an earned royalty could be applied. (An
earned royalty is that royaltyapplied against the sale of an item
using the licensed technology.) We ended up with four
categories of royalty base:

• Basic genetic product
• Process improvement product
• Bulk product
• End product

The royalty rates ranged from 10% for the basic genetic
product to 1/2% for the end product.

Basic genetic products include DNA chimeras (transformants)
and vectors. For example, the transformed organism that makes
insulin is a basic genetic product with a royalty of 10%.

Bulk products are products that will be processed further by a
manufacturer and not used or consumed by the end user. An
example of a bulk product is the disaccharide sweetener that
will be used in soft drinks and diet foods. Based on annual sales
volume, the royalty ranges from 3% down to 1%.

End product is a product for use by what we called the
"ultimate consumer," such as an insulin injection, vaccine, or
pharmaceutical. The royalty ranges from 1% to 1/2% based on
annual sales volume.
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Process improvement product is a material developed for or by
a manufacturer to improve an existing process. An example is
an enzyme that catalyzes a reaction. If an enzyme is genetically
engineered and improves an existing process, the royalty is 10%
of the costs savings or other economic benefit.

We specified that if a licensee sells to another licensee, the two
parties could agree among themselves as to which would pay
the royalty. Generally, the end-product producer pays. We had
determined that the relatively short sales period from August to
December would be optimum to develop interest and maintain
momentum. But this also required us to actively and vigorously
promote the license. We contacted companies throughout the
free world and, that fall, visited companies in the United States,
Europe, and Japan. We prepared exhibits (Figures 3, 4, and 5,
for examples) to explain the technology and the license
structure. At this time, many of the companies who intended to
use the promising new technology did not fully understand the
technology itself and how they would implement it.

To reduce incentives for overseas manufacture, the license
provides for a flat royalty of 1/2% on end product made in the
United States but sold outside the United States.

To reduce tinkering and to emphasize to potential licensees
that our terms were standard, the license agreement was
printed.

As licenses were signed, the signing was publicized. For many
companies, this served to notify stockholders and the public of
a company's entrance into the field of genetic engineering. As
we approached December, relatively few licensees had sent in
signed agreements. Butin the final two weeks, the arrival rate
of signed license agreements increased sharply. By midnight on
Dec. 15, 1981, 73 licensees had signed up.
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Figures 4 and 5

.:..••.••.•,....• Company A..n. Incllo ',rmers

P,oduet
ell,gory

Eod

ROY~I.I:<'__.-__

0.5%

11»-... 01 tOtl'
plymentl rteelved
by Complny A
IComp.ny B will 0"'
royallles or Its
lubseque;nt sari
lo%r use 01 seed)

0.5%

1~40110tsl

payments ree:elved
by Conlpany A
(nothing 'rom
Company BI

10% 01 cosllaving
Ind eecmomie benelll

Proens
lmpronmenl

Bllsle
genetle

Eod

e ..te
gentile

.,

~
._- . CompllnY A sell. organl,.mln la~

/J qUllllllle. as I le,lIIlZl' ,ub,!ltule

/ " . , Comp.ny A .ells orglnlsm 10
Compllny A Company 9. whieh ,cpU;lIle, II
jneorp~ales nll.gene '.nd setlil' l,rllUlel IlUbaUlul1!
Inlo mll::roorg.nrsm

Company A Incorporates .
nil gene 1n10seed"" .. _. Complny Au... --.dllin"

_______/ • and selll Ihl TllulUng crops

// COlfl9'lny A '111, smlll quantity

t
·_.. ~· --~ /" 01nil gene 10 Complny e. Which

_ ... __ intOrpol.I,. Ih' gene Inlo.
• Complny A • seed which II mlSl producu_

-: . Complny A rectin. $X Indlor II
,. roy.lly on Complny S"' ,e.ullln!il

, 'ii:iJi!iSP ..II!S

Integrated
agriculture'clImpe"y
develops gene
Which eeeee lor
nilrogen l;~alion
(nil gen.)

Figure 4. Agricultural flample

Product
calegory RoyIIlly

Any .nd .11ethylene glycol
~ produeed by Complny A Ullng

lhil procns

process 10% of cosls.vlng
Improvement and eeonomle beneftt

£nd 0.5%

Bulk UW.
(nothing kom
CompanyBI

Complny" leUs orgsnlsm 10
C0l1'lJllny B tor $XInd/or I

::~::rn:".:I~:'Plny B's

elSIe:
genelle

10% of tolll
payments ...etlved
by Compsny A
Cnomlng Irom
CompinyBI

Figura 50Commodlly chemical I.amplll



44 Niels Reimers

An article in Business Week, entitled "Universities Hold Fall
Sale," had a cartoon showing a carnival barker on a platform
with about 5-foot lengths of helical DNA stacked up behind him
and an audience of men in business suits either waving money
at the barker or walking off with the DNA helixes with smiles
on their faces.

After Dec. 15, 1981, licenses continued to be available but with
a single-times credit rather than the five-times credit on the
$10,000 minimum annual royalty. Ninety-three licenses have
been signed to date (April 1987). However, because of
acquisitions by one licensee of another and some terminations
by companies determining not to utilize recombinant DNA
technology, the number of current licensees is 81, as of April
1987. Since the end of September 1986, the new license end­
product royalty rate has been a flat 1% based on sales volume.

Products based on recombinant DNA technology are beginning
to enter the marketplace with increasing frequency. The first
commercial recombinant DNA product, human insulin, was
engineered by Genentech and is being marketed by Eli Lilly
under the trade name of Humulin. Human growth hormone,
engineered and marketed by Genentech, was approved for
public sale in the fall 1985. And quite recently, the hepatitis B
vaccine engineered by Chiron and distributed by Merck was
approved for public sale. Tissue plasminogen activator (TPA),
which is anticipated to replace urokinase and streptokinase in
the treatment of blood clots, is expected to be approved for
public sale within the next few months. We estimate the first­
year sales of TPA at $450 million. By 1997, when our patents
expire, it has been estimated that over $30 billion of sales of
genetically engineered products will have occurred.

Stanford and UC believe that the licensingprogram has met its
goals. The net royalties received by the universities are being
used for educational and research purposes which, in a self­
regenerative manner, may yet produce other discoveries for
public use and benefit.
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GLOSSARY

Chimeric DNA

Eukaryotes

Expression

mRNA

Operon

Plasmid

Prokaryotes

Transformants

Vector

DNA composed of two or more sequences
derived from different origin such as E.
coli and toads.

Cells that contain a membrane-enclosed
nucleus (e.g., yeast, plant, and animal
cells.)

Process of making proteins from
information stored in genes.

Messenger RNA; used to transfer
information from one or more genes on
DNA to the ribosomes for subsequent
translation.

Series of genes of related function that are
transcribed into a single mRNA molecule.

Extrachromosomal, covalently closed
circular DNA molecule.

Cells that do not contain a nucleus (e.g.,
bacteria).

Organisms containing foreign genetic
information.

The agent used to carry foreign DNA into
a cell (e.g., a plasmid or virus).

REFERENCES

(1) Figg, E. Anthony. CHEMTECH, May 1986, p. 277.
(2) Simmons, Edlyn S. CHEMTECH, March 1987, p. 144.
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1972

March 1973

September 1973

November 1973

July 1974

May 1974

May 1974

Nov. 4,1974

December 1974

June 1976

CHRONOLOGY

Chakrabarty patent for oil-consuming
bacterium denied; appeal filed by GE

Cohen and Boyer achieve first successful
DNA splicing

Publication of letter alluding to dangers of
DNA splicing by Singer and Soll in
Science

Publication of paper on DNA splicing by
Cohen, Chang, Boyer, and Helling in Proc.
Natl. Acad. Sci. USA

Publication of letter calling for NIH
guidelines for DNA splicingby Berg, et.al.,
in Science

Publication of paper by Cohen and Boyer,
et.al., on transfer of animal DNA fragment
into E. coli plasmid in Proc. Natl. Acad.
Sci. USA

Announcement concerning transfer of
animal DNA fragment into E. coli by
Stanford News Bureau

Patent application filed by Stanford
University

Asilomar Conference

Publication of Chargaff letter, warning
about DNA splicing, in Science



1976

1976

1978

1980

Dec. 2, 1980

August 1981

October 1981

August 1984
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Negotiations between Stanford and NIH
patenting; Congress gets involved

NIH safety guidelines are published

NIH affirms patenting of recombinant
DNA inventions by universities

Chakrabarty's bacterium held patentable
by Supreme Court

Process patent for making molecular
chimeras issued to Stanford

Availability of licenses for use of DNA
technology announced by Stanford

Conference at Cold Spring Harbor on
patenting life forms

Product patent for prokaryote DNA issued
to Stanford

UPDATE

Editor's Note: The reader is reminded that this article was originallypublished
in 1987 and that changes have been made since that time. For example,
royalty rates have increased, the eukaryotic patent issued April 26, 1988, and
persons mentioned may no longer be employed at the same location.

As of August 18, 1995, Stanford had 316 corporate licensees.
The three Cohen-Boyer patents generated $27 million in royalty
revenue in Fiscal Year 94/95, and Stanford continues to sign on
new licensees.

Floyd Grolle, Ph.D.
Manager, License Administration

Stanford University
Office of Technology Licensing





Pre-Production Investment and Jobs Induced by
MIT Exclusive Patent Licenses: A Preliminary
Model to Measure the Economic Impact of
University Licensing
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ABSTRACT

This paper examines the effectiveness of invention licensing at
the Massachusetts Institute of Technology (MIT) Technology
Licensing Office (TLO) in achieving one of the major objectives
in the Bayh-Dole act: to induce investment by the commercial
sector in the development of inventions arising from
government-funded research at universities, and by doing so, to
enhance economic development. Data on investment and jobs
created were obtained directly from the licensees.
Conservatively, we estimate that just under a billion dollars
have been invested by the commercial sector toward the
development and early commercialization of licensed inventions
from MIT alone, and that over two thousand jobs have been
created and/or sustained as a.direct result of these licenses.
The term pre-production investment is used here to refer to
money spent developing new products and efficient ways to
produce and market these products. It excludes the costs of

• Lori Pressman, Sonia K Guterman, Ph.D., Irene Abrams, and David
E. Geist, are professional staff members of the Technology Licensing Office at
the Massachusetts Institute of Technology. Lita L. Nelsen is Director ofthis
program.
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producing (or investment required to produce) mature products.
This sum does not include investment and jobs generated by
non-exclusive patent license agreements, or by no longer active
exclusivepatent license agreements, or by any type of copyright
license agreement. Approximately 77% of the investment in
MIT technology and 70% of the jobs in this study are associated
with start-up companies, which account for only 35% of the
total number of licensees (see Table 4). A preliminary
extrapolation to all university licenses, based on the MIT data
and on the results of the Association of University Technology
Managers (AUTM) surveys(1,2), suggests that total pre-product
introduction development investment nationwide in university­
based technology is in the range of at least $2 to $5 billion per
year.

BACKGROUND

Previous studies of the economic impact of university licensing
have focused on the economic impact after product introduction
(1,2). For example, the AUTM's Economic Impact Committee
is in the process of refining its estimates of job creation from
licenses that have matured into product sales. Based on 1993
royalty income of $350 million (U.S. institutions reporting), the
current estimate of the committee is $17billion of product sales
and 137,000 jobs (3). This measure of commercial success,while
important, underestimates the total economic impact of
university licensing because it omits the economic impact of
university licensing before first sales of licensed products.
University technology is typically very forward-looking, and
requires very large investments to bring products to market.
Investment levels in development remain high even after the
first sales of licensed products. An economic impact analysis
based on product sales alone reveals only a fraction of the total
effect of university licensing on the U.S. economy. This paper
offers a complementary approach to studying the early impact
of a technology program by focusing on pre-production
investment.
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Most university licenses are only recently consununated.The
average university license is probably no more than three years
old. Anearlier paper has shown that the university licenses that
do succeed in bringing a product to market take an average of
eight years to do so (4). Since the passage of the Bayh-Dole
Act, the pace of patenting and licensing in universities has
grown at an exponential rate (4). Thus, one can expect a
considerable increase in the next ten years in both product sales
(and concomitant manufacturing job creation) and in
investment in development arising from new licenses.

INTRODUCTION

The primary goal of this paper is to create a model to examine
licensing activity at the Massachusetts Institute of Technology
(MIT) in the context of certain objectives outlined in the Bayh­
Dole Act, with the emphasis on quantifying licensee.investment
in product development and, therefore, jobs created in product
development. A case study of university licensing is presented
in this paper by MIT, describing certain activities and impacts
derived therefrom. From there we make a preliminary
extrapolation to the economic impact of product development
investment resulting from university licensing nationwide.

The Bayh-Dole Act, named after its senate co-sponsors, (PL 96­
517, enacted in 1980) allowed universities to elect to retain title
to inventions arising from their federally funded research and
to grant licenses to patents deriving from these inventions. The
preamble, reproduced below, describes the objectives of the
new law.

35 U.S.c. § 200. Policy and objective

"It isthe policy and objective ofthe Congress to use
the patent system to promote the utilization of
inventions arising from federally supported research
or development; to encourage maximum
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participation of small business firms in federally
supported research and development efforts; to
promote collaboration between commercial
concerns and nonprofit organizations,including
universities; to ensure that inventions made by
nonprofit organizations andsmall businessfirms are
used in a manner to promotefree competition and
enterprise; to promote the commercialization and
public availabilityofinventionsmade in the United
States by United States industry and labor; to
ensure that the Govemmentobtains sufficient rights
in federally supported inventions to meet the needs
of the Government and protect the public against
the nonuse or unreasonable use of inventions; and
to minimize the costs of administering policies in
this area."

Measuring how well an organization has met some of the
objectives in the preamble to Bayh-Dole is fairly
straightforward; measuringperformance againstother objectives
is not so straightforward. What is the measure to indicate
whether a universityhas "promote(d) the commercialization and
public availability of its inventions"?

University inventions are "embryonic." At the time a university
is ready to hand its inventions off to industry, most have not
even reached the prototype state, much less demonstrated
manufacturability and practicality in the market. These
inventions will require substantial investment in product and
market development, and many may never succeed. Thus the
task of the university in licensing these inventions is to find
industrial licensees willing to make the high-risk investment.

The Bayh-Dole Act, allowing the university to grant exclusive
licenses, enables the university to make that high-risk
investment more attractive to industry: if the company makes
the investment and succeedsin developingthe product, exclusive
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patent protection will reduce its market risk. Thus one important
measure of a university's success in carrying out the objectives
of Bayh-Dole is the level of product development investment
the university has "induced" through its licensing efforts.

DEFINITIONS

The definitions used during this study are defined throughout
this paper and provided here as an easy reference for the
reader.

Biotechnology Licenses: Licenses for human therapeutics and
diagnostics, and for chemicals produced by living organisms.

"Classic" Start-up: A company where the MIT licensed
technology is the enabling technology in the formation of the
company and either (i) the company has raised at least half a
million dollars in investment capital or (ii) it is selling product
and is paying earned royalties.

Induced Investment: Pre-Production Investment outside the
licensor that is directly traceable to license agreements.

Induced Investment Rate: Induced Investment per License per
Year..

Induced Investment Ratio: Induced Investment/Revenue to
MIT.

Investment Outlier: A license inducing more investment than
most of the other licenses.

Large Entity: A company employing more than 500 people.

Pre-Production Investment: Money spent developing new
products and efficient ways to produce and market these
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products. It excludes the costs of producing (or investment
required to produce) mature products.

Physical-Science Licenses: Licenses for lasers, semiconductor
components, novel materials, novel manufacturing processes,
computer architectures, control systems, and medical devices.

Revenue Outlier: A license generating more revenue than most
of the other licenses. .

Revenue to MIT: License issue fees, reimbursed patent costs,
license maintenance fees, and earned royalties. .

Small Entity: A company employing fewer than 500 people.

METHOD

At the time the data were assembled (early 1995), the MIT
TLO had 205 active, exclusive, patent license agreements: 104
licenses to 89 separate companies for biotechnology products,
and 101 licenses to 99 separate companies outside the biotech
area. These licenses cover over 700 issued patents and patent
applications, the majority of which were federally funded, and
thus attributable to Bayh-Dole objectives.

Biotechnology licenses include licenses for human therapeutics
and diagnostics,and for chemicalsproduced by livingorganisms.
Licenses outside the biotech area include licenses for lasers,
semiconductor components, novel materials, novel
manufacturing processes, computer architectures, control
systems, and medical devicesand willbe referred to as physical­
science licenses.

The 104 exclusive, active biotechnology licenses cover 388
issued patents and patent applications, 246 of which (63%) were
funded by the U.S. Government. The biotechnology licenses
represent a total of 524 active license years, or an average
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duration of 5.04 years per license. The 101 active, exclusive
physical-science licenses cover 314 issued patents and patent
applications, 241 of which (77%) were funded by the U.S.
Government. The 101active, exclusive physical-science licenses
represent a total of 426 active license years, or an average
duration of 4.22 years per license.

Seventy-one of the licenses were granted to "classic" start-up
companies (see Definitions for "classic" start-up). Ninety-seven
of the licenses are to other small entities (using the Federal
Gove-nment definition of a small entity as a company
employing fewer than 500 people). Thirty-seven of the licenses
are to large entities. Eighty-nine, or 44%, of the licenses are to
companies located in Massachusetts, reflecting the impact on
the local economy.

Several complementary methods were used to gather the
induced investment data, but in all cases the licensee itself
provided the figures on investment and employment. Sources of
the self-reported data include:

1. Letters from CEO's or project managers to the MIT
TLO stating the total dollars invested toward the
commercialization of licensed products, and stating the
number and type of employees working on the project.
Such letters were written at the request of a no staff
member. The licensees were assured that the data would
be presented only in aggregate form and the
confidentiality of the individual respondents would be
strictly maintained.

2. Business plans showing the amount of money, the
number and kind of personnel, and the time budgeted
for each phase of development of the licensed products.
Submission of such business plans and business plan
updates are required in the diligence section of MIT
exclusive license agreements. Follow-up phone
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conversations were made to the companies to confirm
that the allocated money had been spent according to
the schedule in the business plan. If the company's plans
had changed since submission of the written plan, the
updated numbers were used.

3. Balance statements from start-up companies. These
audited statements, required by the MIT TLO in the
reports and records section of its license agreements,
show the total sum raised by start-up companies. If the
technology that started the companyincluded other non­
MIT technology, the companywas contacted to help pro
rate the investment appropriately.

4. Questionnaires filled out by licensees that asked for the
amount of investment brought into their company as a
result of the license, and how that investment had been
allocated between research and development and
production and marketing efforts.The questionnaire also
asked how many full-time equivalent employees were
working on the licensed products, how many of those
were in research and development, and how many were
in production and marketing.

5. Follow-up phone conversations. This was an important
part of the data clarification and verification process.

It would not have been possible to gather this privileged data
without the ongoing business relationship that exists between
the MIT TLO and its licensees. We doubt that a request for
such information from an entity other than the licensor would
have elicited such a helpful response, and we suggest that other
offices interested in gathering similar information do so in the
context of their ongoing relationship with their licensees.

Detailed data were gathered by the above method fora sample
of biotechnology licenses and for a sample of physical-science
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licenses. The physical-science sample is comprised of all the
exclusive, active, patent licenses of one of the authors
(Pressman), and the average license is 3.79years old, somewhat
younger than the 422 year average for all MIT licenses in the
physical sciences. The main methods for gathering the data on
the eighteen licenses in the physical-science sample were:
requesting a personal letter from the CEO or project manager;
verifying the numbers on business plans already in the licensing
office files; and reviewing balance statements from the start-up
companies. A questionnaire was used to supplement this
information and to gather additional information on
employment associated with the license. One company in the
physical-science sample had a mature product line and had
made significant investment in setting up production facilities.
This company had also made very significant investment in
research and development. For the purpose of this study, which
is focusing on pre-product introduction high riskinvestment, the
R&D number only was used.

The data for the biotechnology sample was generated by
sending the questionnaire described in point 4 above to every
third licensee in an alphabetized list of the exclusive, active,
biotechnology patent licensees. In the bioteclmologysample, the
average license is 4.3 years old, younger than the 5.04 year
average for all biotech licenses. Unfortunately, our experience
with the biotech samples pointed out a weakness of the
questionnaire method versus the personal interview method.
Investment data from large entity biotech licensees was
frequently not available. This produced significant distortion.
particnlarly for one pharmaceutical product now on the market
where investment was undoubtedly of the order of magnitude
of $50 to $150 million. but no self-reported data on investment
were given.
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RESULTS

Tables IP and lB below, representing the physical-science
sample. ("IP") and the biotech sample ("lB"), respectively,
illustrate the. primary role played by start-up companies in
investment and employment generation:

Table IP:

TIlE PHYSI,CALSCIIlNCE SAMPLE

Other
Total Start-upo Small Luge

Entities . Entities
. . .

Number or Lia:nIies 18 9 5 4

Avg. AtFor lia:JIse in Y.... 3.8 4.9 2.7 . 2.6

Jndu<ed m-nt in $M $66 $ 58 $2 $6

Full-TIDlCEquivalent ("FI'E") 215 i73 20 22
IlmpIoJ<:es

Table IB:

TIlE BIOTIlCH SAMPLE

.

Other
. Total Start-ups Small Luge

Entities Entities

Number or Lice.... . 19 7 9 3
.

Avg. AtFor lia:JIse in Y.... 4.3 5.4 3.6 3.8
. I

$ > >.4bJndu<ed m-nt in $M $139 $119 $19
.

lObFull-TIDlC Equivalent ("FI'E") 255 186 59
IlmpIoJ<:es

b See Method section for a discussion of the difficulty of obtaining informative data
from the biotech large entities licensees. The actual number is much higher, but
difficult to quantify.
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The total self-reported investment for both samples is $205
million, and the total self-reported number of full-time
equivalent employees is 470. In both samples, a large fraction
of the investment is made by start-up companies, accounting for
a large fraction of the jobs. In the physical-science sample, over
eighty-five percent of the investment is associated with start-up
companies, and over eighty percent of the jobs are associated
with start-up companies. In the biotech sample, over eighty-five
percent of the reported investment is associated with start-up
companies, and seventy percent of the jobs are associated with
start-up companies. This result is biased by the differential
response of the start-ups and by the difficulty of the large-entity,
biotech licensees in accurately identifying investment directly
attributable to efforts to commercialize licensed products. (Two­
thirds of the start-ups and small entities answered the
questionnaire while only half of the large entities did so.)

It is interesting to point out the internal consistency of the self­
reported investment and jobs data. A well-accepted estimate of
money needed to support one high-tech job is $125,000 (7).
Therefore, $205 million could be expected to support 1,640job
years. If all 470 jobs existed over all 4.05 years (average for all
licenses in samples), then there would be 1,904 job years.
Intuitively, it is more likely that there were fewer employees in
the earlier years of the license. Thus, it is easy to create a very
plausible scenario where 1,640job years would be spread over
4 years, with the companies employing progressively more
employees every year: for example, 350 employees the first
year, 390 the second, 430 the third, and 470 the fourth (350 +
390 + 430 + 470=1,640).

It is also significant to compare the revenue derived by MIT
from licenses, with the far larger investment made by these
companies developing the technology outside of MIT. Table 2
summarizes the revenue to the university from these licenses.
Line 1 of the table shows patent costs incurred before the
effective date of tile license for the cases that are the basis of
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the samples in this study: $552 thousand for physical-science
inventions, $874 thousand for biotech inventions. line 2 shows
the license contract-associated revenue for these cases, defined
here as the sum of license issue fees, patent cost reimbursement
paid by licensees, license maintenance fees, and earned
royalties on sales. The difference between the first and second
lines is the net revenue to MIT associated with the licensing
contract itself, shown in Line 3: $524 thousand for physical­
science inventions, and $1.3 million for biotech. Line 4 lists
sponsored research dollars to MIT associated with the license,
and Line 5 in the table gives the sum of the preceding lines.

Table 2:

cosrs AND PAYMENI'S TO MIT
FOR PHYSICALSCIENCBAND BImmI CASES

.

Ph~ BiotedI
Sample" 5aJnpIJ>

I. Out-of-pocket patentcosts, before . s (552) K s(874) K
license is signed.

2. Licenserevenue: licenseIssuefee,
reimbursed patentcosts, license .

maintenance fees, and earned
royalties on sales. .$ 1.076 K s2.189 K

3. Net Licensing Revenue $ 524K s1,315 K

4. Sponsored Research Funding $1.761 K $ 2.359 K
.

5. Net Revenue to University $2,285 K s3,674 K

a 17 companies, 18 licenses

b 19 companies, 19 licenses

The revenue received by the university is modest when
compared with .the over two hundred million dollars of
investment by the commercial sector toward the development
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of businesses based on these inventions (see Tables IP and IB).
This is consistent with the spirit of the Bayh-Dole act and MIT's
policies of licensing. The primary goal of the MIT TLO is to
encourage, induce, and attract commercial investment to MIT
inventions and to further product development and economic
development. Revenue generation is only a secondary goal (5).

Based on this philosophy of licensing (and blessed with a small
but continuing licensing income stream that makes this
possible), the MIT Technology licensing Office invests in
patenting all inventions that it believes to have a "reasonable
chance" of breaking even on licensing. This procedure is in
contrast with a return-maximization: strategy practiced by
commercial entities who license university inventions and invest
only in those inventions likely to be "big winners." MIT invests
in about 40% of the invention disclosures it receives, in contrast
to the commercial entities who invest in "fewer than 10%" of
the invention disclosures they receive. (Private communication
from several such companies and the authors' own data indicate
that this number is substantially lower than 10%.)

Tables 3P and 3B below were generated by an extrapolation of
the data in Tables IP and lB. As to the full MIT portfolio of
active, exclusive licenses, the average investment per start-up
was extrapolated to all start-ups, and the average investment
per other small entities was extrapolated to all other small
entities, etc. Because the results varied greatly between start-up
licenses, other small entity licenses, and large entity licenses,
the extrapolations were made separately for each category and
then summed. The extrapolations of investment were made on
the basis of license-years (see Appendix A). The extrapolations
for jobs were made simply on the basis of number of licenses
(see Appendix B).
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Table 3p·
.

101 EXCLOSIVE, ACI1VE, PA'lllNT
PHYSlCAL-SCIENCE UCE!NSl'Sa

Other
Total Start-ups Small Large

Entities Entities

Number of·Liceoses 101 41 41 19

A~ Age of Lic:eDse in Yeam 4.2 4.0 4.5 4.3

Indu<ed_.in SM s288 s214 $25 $ 49

Ful1-TuneEquiYaleot ("FfE") 1,055 786 164 105
llmployoes

a? "Daeaextrapolated from start-ups in sample to all start-ups, from small entities in sample
to all small entities, and from large entities in sample to all large entities. One investment
outlier was included in the initial data sample from which the extrapolation was made. (See
Discussion section for discussion of outliers.)

Table 3B:

104 EXCLUSIVE, ACI1VE, PATENT
BIOTECH UCENSESb

Other
Total Start-up; Small Large

Entities Entities

Number of Uc:e..... 104 30 56 18

A~ Age of Uc:ense in Yeam 5.0 5.3 4.5 6.4
__inSM

$634 s498 $132 $ > > 4c

Ful1-Tune Equivalettt ("Fl'E") 1,241 822 363 » 56°
llmployoes

b

c

Data extrapolated from start-ups in sample to all start-ups, from small entities in sample
to all small entities, and from large entities in sample to all large entities. Two investment
outliers were in the initial data sample from which the extrapolation was made. (See
Discussion section for a discussion of outliers.}

See Method section for a discussion of the difficulty of obtaining informative data from the
biotech large-entities licensees. This number is higher, but difficult to determine.
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Table 4 below is the sum of the values in Tables 3P and 3B,
and represents the total induced investment and total jobs
associated with 205 MIT active, exclusive patent licenses.

..

lUrAL EXCLUSIVE, ACllVE, PATENr
UCBNSES

Other
Total Start-ups SmaU LaJge

&lities Entities

Number of Li<eDses 205 71 97 37

A'VJl. Age of lJcense in Years 4.6 4.6 45 5.3

Induced IJM:stmeDt in $M $ 922 s712 $157 $ > > 53a

Full-Thnc Equivalent ("FIE') 2,296 1,608 527 » 161a

EmpIc,ees

Table 4:

a See Method section for a discussion of the difficulty of obtaining informative data from the
biotech large-entities licensees. This number is higher, but difficult to determine.

DISCUSSION

The issue, as in all sampling surveys, is how representative are
the data, and therefore how reliable and accurate are the
extrapolations.

The biggest problem in extrapolationof the data to the entire
MIT portfolio is the statistically infrequent revenue and
investment outliers. Revenue outliers are defined as those
licenses that generate more revenue to MIT than most other
licenses. Investment outliers are defined as those licenses that
induce more investment than most other licenses. Investment
outliers may be attributed to a successful public or private stock
offering, or may be associated with a very large development
commitment within an existing company to take a product to
market, e.g. a human medical therapeutic. (There is one such
drug product in the biotech sample, but the large entity licensee



64 Lori Pressman, Sonia K Guterman, IreneAbrams,
David E. oa« and Lita L. Nelsen

did not reveal the data.) The problem with both revenue and
investment outliers is that their inclusion or non-inclusion in
small samples can bias the resulting extrapolations.

To further illustrate the concept of "revenue outliers," consider
the current portfolio of MIT exclusive patent licenses. Only two
(of 205 total exclusive patent licenses) yield more than $500
thousand per year in running royalties, and together these
comprise 27% of the total yearly income. In addition, in a
typical year, MIT TLO may receive no more than two or three
other payments greater than $250 thousand from "one-time"
payments such as license issue fees, major sublicense fees,
and/or liquidation of stock received from past start-up licenses.
In all, while 6 of the current active, exclusive licenses have
yielded more than $1 million in revenue, fewer than 31 have
yielded more than $200 thousand.

Table 5A illustrates the degree to which the average license
revenue of the samples in the study were biased by "outliers" by
comparing three subdivisions of the data: average for all
licenses in the portfolio; average revenue for the entire
portfolio whenthe "outliers"were omitted; and average revenue
for the sampled licenses. In general, the sampled licenses were
closer to the full portfolio minus the outliers, indicating that the
sample understated the impact of the outlier licenses.

Table SA:

AVI!RAGI! RBVENUE/UCllNSB

.

AU li<eD&es: AU Ucenses miDus Samples:
(lot_for Lic:enses with (IS_for

I'hy&icaI Scicnoes, lifetime :RNCIIUC I'hy&icaI Scicnoes,
104for Iliok<h) p<atcrthaaSlM 19 for Iliok<h)

1'hy&icaI- $159K . $67K $75K

Iliok<h $209 K $93K $115 K

AD $185 K $ 81 K Not Applicable
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Investment outliers, like revenue outliers are infrequent, and
would stand out clearly and intuitively from within a complete
set of data on induced investment. Unfortunately a complete set
of data on induced investment for all 71 start-up licenses is not
available to analyze. A disproportionate number of investment
outliers included in the respondent sample, (either too many or
too few), could seriously distort the extrapolations to the entire
MIT sample. Forty-one percent of the investment in the
physical-science sample was from one investment outlier, and
seventy-two percent of the investment in the biotech sample was
from two investment outliers.

In addition to the issues of revenue outliers and investment
outliers, there are other issues related to the representativeness
of the samples. The biotech data were based on a
questionnaire, which itself polled only a fraction of the total
exclusive, biotech licenses in the MIT portfolio (30 out of a
total of 104). The randomness of the sampling (every third
company, alphabetically) enhances representativeness, aside
from the outlier problem. A major issue, however, is bias based
on non-responsiveness. Table 5B shows a comparison of
respondents and non-respondents.

-

UCENSE INCOME FROM RFSPONDING AND NON-RFSPONDING
BlarECH UCENSES

Average per
TomI Company

R<:sponding(19)
(7 start-ups plus 12 non start-ups) $1,981 K $104 K

Non-R<:sponding (11)
(2 start-ups plus 9 non start-ups) s4,551 K $414 K

Table 5B:
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A higher fraction of start-ups responded, most likely reflecting
the closer relationship the MIT TLO naturally has with start-up
licensees. The larger "license income per licensee"figure for the
non-respondents reflects one large-company license yielding
substantial running royalty streams (one of the "revenue
outliers" discussed above).

In the physical-science sample, the issue is not one of
responsiveness. The entire population was queried, and with
repeated follow-up efforts through phone calls and letters, all
licensees responded. The technology of the physical-science
sample, however, was narrower than that of the TLO's non­
biotech licenses as a whole: it included lasers, semiconductor
components, and medical devices, but omitted materials science,
computer science, mechanical and manufacturing engineering.
Some indication of the fact that the physical-science sample is
indeed representative of all the licenses in the physical sciences
is the similarity of the average revenue received from the 18
licenses in the physical-science group-$75K/license-with that
of the total physical-science portfolio, controlled for revenue
outliers-98 licenses yielding an average of $67K/license.

Age of the licenses is also a very significant factor in assessing
representativeness of the samples.Age issignificantin analyzing
both the "total" development investment made (which will
increase with age at least until product introduction) and the
rate of development investment (that is, investment per year,
which is a clearer measure of jobs created in a given year).
Rate of development investment usually also increases with age
of license until product introduction or, in the case of
biomedical licenses, until submissionto the FDA for marketing
approval. Thus, if the data are based on "young" licenses, they
will tend to significantly underestimate both the total
investment and the rate of investment.Table 5C below analyzes
the degree to which the age of the licenses in the samples was
representative of the age of all the exclusive patent licenses in
MITs portfolio.
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Table SC:

AVERAGE AGE IN YEARS/UCIlNSl!

All I.ic:<:IIlics: SampIcs: NoEamed
(101 Jiocnses for (18 Jiocnses for Royalty I.ic:<:IIlics:

Pby&ical Sciences, Pby&ical Sciences, (16 Jiocnses for
104for Biotech) 19 for Biotech) Ph}Sic:al Sciences,

15 for Biotech)

Ph}Sic:al Scienc:e 4.22 3.79 3.17

Biotech 5.04 4.30 3.95

All 4.63 4.05 3.55

Table 5C illustrates that the average license is 4.63years old for
the portfolio as a whole, while all licenses in the samples are an
average of 4.05 years old. The age of sample licenses on which
there were no earned royalties on product sales was even less,
as expected: an average of 3.55 years. Because it has been
estimated that the typicaluniversitylicense requires eight years
of development investment before products reach market (3),
the MIT licenses can be seen as only half way through their
development cycle. The fact that the sample licenses were
somewhat younger than all licenses that formed the basis of the
extrapolation would tend to produce an underestimate of
induced investment.

With this discussionon the issues of representativeness in mind,
it is interesting to further consider the implications of the data.
Table 6 compares the total license revenue received by the
university with the total reported investment in the technology.
The fluctuations in the ratio of induced investment to licensing
revenue are due to the fluctuations introduced by revenue and
investment outliers. The ratio of induced investment to licensing
revenue for the entire group of 205 licenses, keeping in mind
that the licensing revenue is not extrapolated, and that the
induced investment number is extrapolated, is 24 to 1.
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Table 6:

INDUCED INVESfMENT COMPARED WITH liCENSING REVENUE

.

Physical- Physical
Science Biotech Sciences Biotech
Sample Sample All All All

(18) (19) (101) (104) (205)

license Revenue to
MIT (license issue fees;
license maintenance
fees, patent $1.IM" $2.2M" $16.1M" $21.8Ma $37.9Ma

reimbursements,
running royalties) (A)

Induced Investment (B) S66Ma $139Ma $288Me $634Me $922Me

(B)j(A) 60 63 18 29 24

a Actual data

e Extrapolated data

Note that the extrapolated investment-to-licensing revenue
ratios for the full portfolio are smaller than the sample ratios.
Refer to Table SA, which illustrates that the average revenue
per license in both the physical-science and biotech samples is
less than the average revenue for all licenses in the physical
sciences, and for all biotech licenses, respectively. This is an
important reminder that a high induced investment ratio can be
both an indicator that a license induced a lot of investment,or
that it has earned very little royalties. As university license
portfolios mature, the induced investment ratio may ultimately
equilibrate to a ratio lower than the 24 to 1 measured here, yet
the total induced investment may have increased. It will be
interesting to examine this ratio again in about five years.
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Table 7 below shows induced investment for the different
categories of licenses: start-ups, other small entities, and large
entities, whose respective ratios of investment-to-license
revenue were 41:1, 14:1, and 6:1. The authors doubt the validity
of the 6:1 ratio, which is seriously distorted by the difficulty of
the biotech large entities with many projects and products
directly attributing a fraction of their investment specifically to
the licensed technology. This estimate is probably very
conservative.

Table 7:

INDUCED INVBSnIENT OOMPARED wrm U<ENS!NG JU;WENUE
BY OOMPANY TYPE

-- -.... T....
ADl&c-. ADl&c-. u..-

(101) ('04) (2OS)

...... SmaI1 u.ae ...... SmaI1 u.ae ..... SmaI1 u.ae.... Eatiticl - .... - BIIIl:il:iai .... - Eatitic:s

lJ<caoc 1O.4Ma 2.3Ma 3.4Ma 7.0Ma 9.3MII 5SM II 17.4MII 1l.6Ma 8.9Ma.........
to"'"
(A)

....... 214Me 25M' 49Me 498Me 132Me 4.1Me 112Me 157Me 53.1Me...........
(B)

(B)/(A) 20.• 10.9 ,.A 71.1 14.2 0.75 40.9 135 •.0

II Actual data

e Extrapolated data

Thus, a license portfolio with a different mix of these entities
could result in a different investment ratio. (Again, a caveat: as
the samples are subdivided, the number of datapoints decrease,
and the effect of statistical fluctuations on the accuracy of the
conclusions is enhanced.)
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Anticipating that there will be significant interest in
extrapolating these· numbers to the portfolio of university
licenses, we present Table 8 below, which could form the basis
of a weighted extrapolation for licensing portfolios where the
number of active license years of the various types of licenses
are known. Table 8 gives induced investment, in dollars per
license per year, for various categories of license: physical­
science start-up, small entity, and large entity; and biotech start­
up, small entity, and large entity. Note again that we believe the
biotech large-entity number to be unreliable.

Table 8:

.:
. INDUCBD INVES1MFNI" PER- YEARFORAU. Ua!NSES

IN BOlH SAMI'l.m

•••

.. ... ........- -... T"""
AU~ AU~

.

~

... .... (18) (19) (37)

SWt.;; ..... '- ...... ..... '- ..... ..... '-... Eo.... - ... - Batitiel i .... Eatitie5 &tWi:s
.

Number'" 44.1 13.6 lOS 37.9 34.1 9.8 82.o 47.7 20.3.......
~.... (A)

......... 58.2MB 1.98 6.4Me 119.7MB tUM· a.4MB 177.9M 18.'9M 804M
m-I
(8)

(8) I (A) Sl.3M SO.14M SO.61M S3.2M SOSOM So.o4M $2.2M SMaM $O.41M

• Extrapolated data
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IMPLICATIONS

The extrapolated data based on the reported data are
impressive: an estimated $0.92 billion in technology
development investment from 205current, exclusive MIT patent
licenses (see Table 4). It can be anticipated that both the rate
of investment and the total investment for these 205 licenses
will increase substantially over time as the products of these
relatively young licenses (average about four and a half years
old) move from the research stage through development and
into manufacturing. (Though, some, of course, will terminate
because of either product failure or market failure.)

Extrapolating from MIT licenses to university licenses as a
whole is a large leap, but worth considering. Two proposed
methods will be discussed. One method would use information
of the type presented in Table 8, on induced investment per
license per year; another method would use information of the
type presented in Table 7, on induced investment compared
with licensing revenue to the university. Two sample
extrapolations will be performed using the MIT extrapolated
data, and the published data from the AUTM surveys (1,2).

On the issue of representativeness of the MIT data to the
university community, the authors note that the MIT licenses
may differ from AUTM licenses in the following ways:

• A different proportion of exclusive versus non-exclusive
licenses.

• A different proportion of patent versus copyright licenses

• A different proportion of start-ups, or different types of
start-ups.

• A different proportion of licenses in the physical sciences
versus licenses in the biological sciences.
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Concerning the first two.points, the AUTM Licensing Survey
lists 8,354 (see (1), p. 155) active licenses and options to U.S.
Universities, U.S. Hospitals and Research Institutes, and Patent
Management Firms, but does not give information on what
fraction of the 8,354 licenses were exclusive patent licenses. A
first order of magnitude estimate might start based on the MIT
experience, that 10% of the MIT agreements are option
agreements and 90% are license agreements, and that half of
the license agreements are exclusive patent license agreements.
Thus, for the purpose of making a preliminary estimate, assume
that forty-five percent, or 3,759 of the 8,354 active license and
option agreements are exclusive patent licenses. Although only
a third of the product-producing licenses in the AUTM Public
Benefits Survey were exclusive, we do not believe that this
percentage is generalizable to all licenses, including those not
yet associated with products. In our experience, large entities
are more likelyto have product in the market faster, indeed are
more likely to license a university patent just in time to
introduce a product that would otherwise infringe on that
patent, and are much more likely to take nonexclusive licenses.

On the third point, that MIT may have more start-ups than
general, the AUTM Licensing Surveydoes list what fraction of
licenses involvedequity.For the purposes of this estimate, those
licenses will be assumed to be start-ups. To estimate the
number of start-ups, note that the AUTM Licensing Survey
reported 459 (see (1), p.7) licenses with equity to U.S.
Universities, U.S. Hospitals and Research Institutes, and Patent
Management Firms. Thus, 459 of the 3,759 estimated active
exclusive patent licenses, or 12.2%, were to start-ups.

On the fourth. point, that the proportion of licenses in the
physical sciences and biotechnology is not known illthe AUTM
Licensing Survey, it is known in the AUTM Public Benefits
Survey. The authors categorized the products in that survey as
physics-related, chemistry-related; software, medical devices,
and then biological and agricultural products. 60% of the
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products are biological and agricultural, and the remaining 40%
are physics-related, chemistry-related, software, and medical
devices. The same 60-40 biotech/physical-science estimate can
be obtained another way. First, note that in the AUTM
Licensing Survey, 252 of the 2050, or 12.3% (see (1), p. 160) of
the licenses and options to U.S. Universities, U.S. Hospitals and
Research Institutes, and Patent Management Firms in 1993
were to U.S. Hospitals and Research Institutes, and therefore
are virtually entirely biotechnology. Second, of the remaining
1,798 licenses and option agreements, 1,277 or 71% were to
U.S. Universities with medical schools (see (1) pp. 64-68).
Scanning pages 64-68 of the AUTM Licensing Survey reveals
that having a medical school is highly correlated with having a
large number of licenses. Of the 25 schools reporting the most
licenses, only 6 do not have a medical school. Of the 25 schools
reporting the fewest licenses, only 7 do have medical schools.
Therefore, the authors surmise that well over half of the
university licenses reported in the survey are in the biological
sciences. Therefore, conservatively assigning 50% of the
university licenses to biotechnology, and adding in the 12.2%
from the U.S. Hospitals and Research Institutes, also results in
a 60-40 estimate for biotechnology and physical sciences,
respectively.

As MIT does not have a medical school, it is likely that it has
a disproportionately large share of licenses in the physical
sciences relative to the university licensing community: 50-50
versus 40-60. Therefore, noting that, in MIT's experience,
licenses in the physicalsciences consistentlyinduce significantly
less investment than licenses in the biological sciences,
estimating that 60% of the AUTM licenses are in biotech is a
conservative estimate. .
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Therefore, a rough extrapolation, based on the induced
investment per license per year method, to the AUTM data
could be made with this equation:

(S-U blo x $3.2Mflicfyear (see Table 8)) + (S-U phys x $l.3Mflicfyear (see
Table 8)) + ((other licenses) x $.4Mflicfyear (see Table 8))

Where "S-U bio" = estimated number of biotech start-ups =
.6 x 459 = 275

and "S-U phys" = estimated number of physical science start-ups =
.4 x 459 = 184

and "(other licenses)" = estimated number of other licenses = 3,300

This method, which makes no attempt to correct for the fact that
the induced investment in large entity biotech licensees issurely not
zero, results in an estimate of $25 billion of pre-production
investment associated with universities' licenses every year.

Another approach to a preliminary extrapolation of induced
investment would be to use the ratio of investment outside the
university to revenue to the university. Referring to Table 7,
note that start-ups appear to induce approximately40 times the
investment outside of the university as revenue to the university.
Assume an induced investment ratio of 10.9:1 for other types of
licenses. This is the smallest of the three reliable data points:
small entities in the physical sciences, large entities in' the
physical sciences, and small entities, in biotechnology, and
ignores the unreliable number for the large entity biotech
licenses.

Assume that 12.2% of the licenses were to start-ups; tBen a
preliminary induced investment ratio for the AUTM licenses
would be:

40 x 0.12 + 10.9 x 0.88 = 14.4
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Based on $350 million of "royalty" payments in 1993 (3), this
estimates the total induced investment nationwide at $5 billion
in 1993. Note that the definition of "royalty" in the AUTM
licensing Survey (see (1), p. 4) does not include patent
reimbursement costs, which were in the denominator of the
MIT "induced investment" ratio (see Definitions section for
"Revenue to MIT'). Removingpatent reimbursement costs from
the denominator in the induced investment ratio would make
it larger, and thus would increase the estimate for the university
licensing community.

The authors hope that these rough but dramatic estimates,
based on what we believe to be very conservative assumptions,
will inspire our colleagues to do similar studies at their own
institutions. It appears that while the cumulative effect within
MIT is of the order of magnitude of several hundred million
dollars per year, the cumulative effect outside of our institution
is of the order of magnitude of several billion dollars per year,
even before first sales of licensed products. More detailed data
nationwide on the types of •licenses, exclusive versus non­
exclusive, patent versus copyright, start-up, small entity, and
large entity will permit more accurate, and the authors believe,
higher estimates of the economic impact of university-based
licensing. Such information would be very valuable to the entire
licensing community, and we urge our colleagues to provide this
information at the time of the. next AUTM licensing Survey.

SUMMARY AND CONCLUSIONS

Almost one billion dollars and over two thousand jobs are
associated with 205 MIT active, exclusive, patent licenses (see
Table 4). The $0.92 billion of pre-production investment 'does
not include investment catalyzed by licensees who use the
profits from licensed products to invest in and produce other
technologies. This direct investment occurred over a total of 950
active license years, for an average investment of approximately
$1.0 million invested per license per year. Assuming an average
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cost per employee of $125,000jyear (7), this works out to
approximately 8 employees per license per year or a total of
7,400 job-years created by MIT licensing.

Licensing revenue to MIT is small compared to the amount of
investment induced in the commercial sector. The ratio of 24 to
1 is consistent with the university's goal to move the technology
to the private sector, and to focus on revenue generation for
MIT only as a secondary goal. Under this policy, many
inventions are patented and licensed, not only those deemed to
be most likely to provide a large return.

On the matter of the data collection,we emphasize that it is the
special relationship between universityand licensee that makes
gathering such information possible. We recommend that
gathering the induced investment and employment data become
a standard part of the licensing process, and that it be tracked
much as universities track earned royalties. On the questions of
study design, sampling, and extrapolation, we recommend that
time be spent investigating the investment and jobs associated
with both revenue and investment outliers, as they likely have
a disproportionate contribution to total economic impact.

A disproportionate share of the induced investment and
employment is associated with start-up companies, though at
least some of this bias may be attributable to the challenge of
obtaining meaningful data from large entities by the
questionnaire method alone. Start-up companies in our study
population comprised only35% of the total number of licenses,
yet accounted for 77% of the induced investment and 70% of
the employment (see Table 4).

As university technology is typically very forward-looking and
requires very large investments to bring products to market, an
economic impact analysis based on product sales alone reveals
only a fraction of the total effect of university licensing on the
U.S. economy. Therefore, we recommend that the university
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licensingcommunityreport induced investment and employment
data as well as data on license revenue to the university in the
form of license issue fees and earned royalties. The
extrapolated data for the MIT exclusive, active, patent licenses
reflect $0.92billion of investment toward the commercialization
of licensed products, and estimate that over two thousand
people are presently employed in business efforts to bring these
licensed products to market. .

Two methods for extrapolating to the university licensing
communitywere suggested.Based on certain assumptions about
the distribution of licenses in the AUTM survey, one method
employed the induced investment rate calculated from the MIT
case study, and estimated at least $2.5 billion per year in pre­
production investment associated with university licenses. The
second method, based on the same assumptions, employed the
induced investment ratio calculated in the MIT case study, and
estimated $5 billion in pre-production investment for 1993.
Assuming that $125,000 supports one job (7), this level of
investment contributes between 20,000 and 40,000 jobs to the
U.S. economy even before sales of licensed products.

The concept of self-reported induced investment reveals the
economic impact directly traceable to licensing activity. There
is also a well-known indirect "catalytic" effect of such high
technology development and product sales (6) associated with
business activities related to the licenses. Companies originally
formed from university technology go on to invest in and
manufacture other products, which in turn produce income and
expenditures that promote economic development at large in
the surrounding community.

Induced investment is a powerful outcome of university
licensing and is an important way that a university may
demonstrate the degree to which its efforts "promote the
commercialization and public availability of inventions" under
the Bayh-Dole act.
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APPENDIX A

Sample investment extrapolation for the physical-science licenses based on the
data in the samples and on the number of license-years in each of the
subcategories:

II phys = (II rate phys SoU) x (# lie-years phys SoU)
+ (II rate phys SE) x (# lie-years physSE)
+ (II rate phys LE) x (# lie-years physLE)

Where II phys = Extrapolated Induced Investment for the 101 physical­
science licenses

and II rate phys SoU = Induced Investment Rate for the physical­
science start-up licenses
= $1.3M/lic/year

and II rate phys SE = Induced Investment Rate for the physical­
science small entity licenses
= $.14M/lic/year

and I1rate phys LE = Induced Investment Rate for the physical­
science large entity licenses
= $.61M/lic/year

and # lie-years phys SoU = number of license years of the physical­
science start-up licenses
= 164 (see Table 3P: 41 x 4)

and # lie-years phys SE = number of license years of the physical­
science small entity licenses
= 184.5 (see Table 3P: 41 x 4.5)

and # lie-years phys LE = number of license years of the physical­
science large entity licenses
= 81.7 (see Table 3P: 19 x 4.3)

Formula for Extrapolation = «$1.3M/Lic/Year) x 164)
+ «$O.14M/lic/year) x 184.5)
+ «$O.61M/lic/year) x 8L7
= $288M
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APPENDIXB

Sample jobs extrapolation for the physical-science licenses based on the data
in the samples and on the number of licenses in each of the subcategories:

Jobs phys = «Jobs phys S-U)/(sample # lie phys SoU»~
x (tot # lie phys SoU)

+ «Jobs phys SE)/ (sample # lie phys SE»
x ( tot # lie phys SE)

+ «Jobs phys LE)/ (sample # lie phys LE»
x ( tot # lie phys LE)

Where Jobs phys = Extrapolated jobs for the 101 physical-science licenses

and Jobs phys SoU = Jobs reported by start-up licensees in physical­
science sample = 173

and Jobs phys SE = Jobs reported by small entity licensees in physical­
science sample = 20

and Jobs phys LE = Jobs reported by large entity licensees in physical­
science sample = 22

and sample # lie phys SoU = number of physical-science start-up
licenses in sample = 9

and sample # lie phys SE = number of physical-science small entity
licenses in sample = 5

and sample # lie phys LE = number of physical-science large entity
licenses in sample = 4

and tot # lie phys SoU = total number of physical-science start-up
licenses = 41

and tot # lie phys SE = number of physical-science small entity licenses
= 41

and tot # lie phys LE = number of physical-science large entity licenses
in sample = 19

Formula for Extrapolation = «173/9) x 41) + «20/5) x 41)
+ «22/4) x 19) = 1,056





Antitrust and Technology Licensing

Kathleen R. Terry'

Antitrust in patent related matters has been dead for the last
fifteen years. As surely as we now have a Democratic president,
the eyes of the Antitrust Division of the Department of Justice
(DOJ) are again on not only mergers and acquisitions, but also
on business arrangements involving all types of intellectual
property. That includes university patent, trademark, and
copyright licenses.

Our field is new and expanding. Most of us were not working
in technology management back in the days of the "Nine No­
No's," when the DOJ attempted to have certain licensing
practices declared perse illegal. We have fallen out of the habit
of scrutinizing our license terms for antitrust violation and its
companion, patent misuse. The purpose of this article is to
assist the university license drafter in how to recognize, analyze
and avoid potential problems.

I. ANTITRUST VIOLATIONS

A company, practicing its patent internally, is free to use
the patent in nearly any way it chooses. It may shelve the
patent. It may improve the patented product until it is
outside the scope of claims. It may package any number
of patents into one product. It may continue to derive
income long after the patent expires. When a patent

• Kathleen R. Terry is Campus Director of Technology Transfer Services
at the State University of New York at Buffalo.

@ 1995, Kathleen R. Terry
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goes outside the companyvia a license agreement, each
of the above activities may raise questions under the
Sherman Antitrust Act.

The Sherman Antitrust Act of 1890, 15 United States
Code §§ 1-7, was intended to halt monopolies,
conspiracies, and agreements that have the effect of
restraining or suppressingthe operation of a free market
in setting prices for goods and services, resulting in
higher prices or limited availability to consumers.
Whether an activity imposes an unreasonable restraint is
analyzed under the "rule of reason." The analysis begins
by determining whether the company has market power:
that is, the ability profitably to maintain prices above, or
output below, competitive levels for a significant period
of time. Then the nature of the restraint is analyzed for
anticompetitive effect. Finally, any justification for the
restraint is balanced against the anticompetitive effect.
For example, a new industry has considerable leeway in
controlling its market to ensure quality. If it did not, the
entire market might never develop. A few activities have
been found repeatedly to be so unreasonable that courts
have declared them to be per se illegal--that is, the
occurrence of the practice is sufficientto find a company
guilty of antitrust, and no balancing need be done. The
best example of a perse antitrust violation is price fixing
among competitors.

Examples of the effect of the Sherman Act crop up in
everyday life. For instance, in the 1980's, the DOl
caused AT&T to be dismantled into local and long
distance carriers, which allowed other carriers to
compete more effectively in the field. With the flux of
technological and business changes, DOl is now
considering amending the settlement decree to allow the
local companies to expand into long distance service.
More recently, the giant chip maker, Intel, withdrew its
bid to acquire Intuit, for fear of disallowance of the
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merger. It is clear that antitrust has "teeth" and should
be considered.

Before speculatingabout where today's trends may lead,
it may be useful to take a look at the recent past. During
the heyday of antitrust in 1968, the Assistant Attorney
General, heading the Antitrust Division of the
Department of Justice, announced a list of "Nine No­
Nos" of patent licensing, which it considered per se
antitrust violations. They were:

• requiring a patent licensee to purchase an
unpatented material from the licensor;

• grantback of title to the licensor of the
licensee's improvements to the patented
technology;

• attempting to impose restrictionsafter sale
of the patented product;

• tie-in and tie-out: tying of products or
services outside the scope of the patent
claims, or restricting the licensee's
freedom to deal with other suppliers;

• an agreement outside the license not to
grant other licenses (that is, concealingthe
exclusive nature of the agreement);

• mandatory package licenses;

• any broadening of the royalty base;
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• restriction on sale of products made with the
patented process;

• price fixing.

Fortunately for university patent licensing, DOJ never
succeeded in persuading a court to declare these
practices per se illegal antitrust violations. In 1981,
recognizing that licensing activity is too complex in its
nature for blanket prohibitions, DOJ repudiated its per
se position, leaving instances of the "Nine No-Nos" to be
analyzed under the rule of reason. There have been few
patent-related cases brought by the Division since the
early 1980's. Antitrust climate changes. Assistant
Attorney General Anne K. Bingaman, in a talk at a
meeting commemorating the 60th anniversary of the
Antitrust Division on January 10, 1994, announced that
DOJ would again be scrutinizing practices involving
intellectual property, and planned to revise the Division's
1988 International Guidelines (36 Patent, Trademark
and Copyright Journal 170, 181). She said:

"The core rights of owners of intellectual
property are reasonably clear, but beyond
that core, matters are a good deal less
settled. Whether the holder of a patent may,
for. instance, tie unpatented supplies to the
packaged products; engage in compulsory
grantbacks; or place post sale restrictions on
resale by purchasers are just a few of the
host of issues that have been debated and
litigated in the patent/antitrust field for
several decades....I want to be clear today
that we are in the process of reviewing and
revising the International Guidelines for re­
issuance shortly. Given my strong belief in
competition, I think courts should be hesitant
to read the statutory grant of provisions
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expansively, but should recognize the
anticompetitive potential of restrictive
practices at or beyond the borders of the
clearly conveyed statutory rights." (47 Patent,
Trademark and Copyright Journal 253).

On May 26, 1994, in connection with an antitrust action
against a British company, Pilkington, pic, Robert E.
Litan, Deputy Assistant Attorney General in the
Antitrust Division, further stated: "The Division strongly
supports intellectual property rights. Those rights can
provide important incentives to innovate. We will not,
however, turn a blind eye toward abusive intellectual
property arrangements that reduce incentives to
innovate." (48 Patent, Trademark and.Copyright Journal
156).

The new Guidelines, published on August 8, 1994,
pounded the last nail in the coffin of the "Nine No-Nos"
as per se illegalities. The general principles are clearly
pro-patent licensing:

(a) for the purpose of antitrust analysis, the
Agencies [DOJ and the Federal Trade
Commission] regard intellectual property as
being essentially comparable to any other
form of property; (b) the Agencies do not
presume that intellectual. property creates
market power in the antitrust context [in
contrast to the earlier presumption that a
patent always conferred market power on the
owner]; and (c) the Agencies recognize that
intellectual property licensing allows firms to
combine complementary factors· of
production and is generally procompetitive.
(49 Patent, Trademark and Copyright Journal
714.)
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The Guidelines discuss and give examples of licensing
situations formerly covered by the "No-Nos," but in a
positive and pro-licensingmanner. For example: "[fjield­
of-use, territorial, and other limitations on intellectual
property licenses may serve procompetitive ends by
allowing the licensor to exploit its property as efficiently
and effectively as possible." And, "[t]heAgencies will not
require the owner of intellectual property to create
competition in its own technology."

A potentially troublesome new area has been added to
antitrust scrutiny: that of anticompetitive arrangements
in research and development, the "innovation market,"
consisting of the research and development directed to
particular new or improved goods or processes, and the
close substitutes for that research and development.
Exactly how this analysis will be done is difficult to
predict at this time.

Be warned, that although the effort to establish per se
violations has been abandoned, some practices are still
very suspect. For instance, price fixing has been declared
illegal in so many contexts, (including the practice of
coordinating scholarship offers to prospective students),
that it is difficult to imagine a situation where price
fixing would be considered acceptable, even in a vertical
relationship. Some other practices have been considered
by high courts and must be avoided, as discussed below.

II. PATENT MISUSE

Antitrust actions by the federal government are not the
only trap awaiting the unwary licensor. Patent misuse is
related to antitrust, but is broader in scope and effect,
and strikes at the validity of a patent in question. Patent
misuse is an equitable, judicially-created defense to
patent infringement or royalties due under a license. A
patentee who seeks to extend the exclusive patent rights
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beyond the scope and term of the patent claims comes
into court with "unclean hands," and the court will not
allow such a party to enforce the patent.

Patent misuse and avoiding antitrust violations are the
province of the license drafter, who should work closely
with patent counsel to attempt to avoid problems as
much as possible by careful drafting of the patent
application and claims.

III. AVOIDING SUSPECT PRACTICES

In attempting to maximize the value of university
technology, there are certain practices (temptations) that
arise. frequently. Because the rule of reason is a
balancing act, it is necessary to look at all possible
procompetitive and anticompetitive factors. Because
patent misuse is an equitable defense, these factors
should be looked at in light of general principles of
fairness.

Some problems can be cured long before they arise
during patent prosecution by good communication
between the technology manager and the patent
attorney.

A. Mandatory Package Licenses

Why would a licensor seek to require a licensee to
take a package of patents? There are valid,
economically sound reasons. A license agreement is
generally negotiated early in the life of an invention,
when neither licensor nor licensee is completely
sure of the path of product development. In a
complicated device, there could be as many as forty
patents covering the parts, and it may be impossible
to determine at the time the license is executed
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whether, absent licensed rights, the licensee would
infringe one or forty patents. Product lines change,
and the licensee may later wish to add a patented
component that was not specifically included in the
patent license. The licensee may want access to
improvements that are not available or not yet
invented at the time of execution, and the licensor
may be willing to help the licensee stay competitive.
Finally, the essence of the license often is a simple
promise not to sue, and a licensee wants the
assurance of not being sued by the licensor for
infringement of a non-included patent. There are
bad reasons, too: the royalty rate may go up with
the number of patents included, and if the licensee
has need of a vital patent, he has no choice but to
pay for unwanted patents. Some of the patents may
expire later than others, prolonging the royalty
period. These are the sort of procompetitive and
anticompetitive factors to be balanced under a rule
of reason. Congress agreed that balance is needed:

35 USC 271 (d) (5): ... no patent
owner otherwise entitled to relief for
infringement of a patent shall be
denied relief or deemed guilty of
misuse or illegal extension of patent
rights [because] he: on (5) conditioned
the license of any. rights to the patent
'or the sale of the patented product on
the acquisition of a license to rights in
another patent or purchase of a
separate product, unless, in view of
the circumstances, the patent owner
has market power in the relevant
market for the patent or patented
product on which the license or sale is
conditioned.
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B. Post Expiration Royalties

An important measure of a patent is temporal.
Under Brulotte Co. v. Thys (379 U.S. 29, 85 S.Ct.
176, 143 USPQ 264 (1964) rehearing denied379 U.S.
985 (1968», it is clearly illegal to extend an
obligation to pay royalties beyond the expiration of
a patent even when negotiated at arm's length by
willing parties. Unfortunately, those last years of a
patent's life are almost always the most valuable:
development and regulatory hurdles have been
cleared; the market has been developed; the
product has built up a following; there is clamor for
more; competitors are waiting eagerly to enter the
market. Then the patent expires.

During the days of the "submarine'" patent, it was
possible to keep a patent pending for thirty or forty
years. Now, with the term of a patent measured
from its filing date, and with continuing applications
taking the same expiration date as the parent, any
patent pending more than twenty years will expire
before it can be enforced! There are few techniques
available now to extend the term of a patent. One
thing that is important is to prosecute as swiftly as
possible, with no extensions of time beyond three
months for response. Because time on appeal will
be restored, it may be better to go on appeal rather
than refile an application. An important--and
difficult or impossible--goal is to wrap the
technology in discrete packages that can be filed
independently, not as continuations-in-part (c-i-p),
so that each c-i-p takes its own term of twenty years
from filing, rather than the term of the very first in
the chain. Examples of this point in existing patent
files: any c-i-p that was not subject to a terminal
disclaimer would have qualified for separate filing.
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C. The Trade Secret/Best Mode Problem

What if the university is transferring know-how
along with patent rights? Trade secrets can be
included in a license with patents and can legally
draw royalties indefinitely, depending on the
bargaining power of the licensing parties and the
nature of the technology (Kewanee Oil Co. v. Bicron
Corp., 416 U.S. 470, 94 S.Ct. 1879, 182 USPQ 763
(1974». It does not violate the Brulotte rule when
the trade secret is not illusory to extend the trade
secret royalties past the term of the patent. With due
regard to the commercial power of a patent, the
patent royalties should be presumed to be at least as
valuable as the trade secret royalties. That is, the
royalty rate should be cut at least in half after the
patent rights are not enforceable, because no patent
issued, the patent expired, or the patent was
declared invalid.

A mere recitation that the license also covers know­
how is not sufficient to save the agreement. In the
recent case Litton Sys. v. Honeywell, Inc., 1995 WL
366468 (CD.Cal.), a $1.2 billion jury verdict was
reversed by the judge because, the patent being
declared invalid, the license agreement became
unenforceable because "there is a total absence of
evidence that Louderback ever actually used any
Litton trade secret in manufacturing a mirror for
Honeywell.... The mere existence of an agreement
not to use plaintiffs trade secrets does not relieve
plaintiff of the burden to prove that the defendant
accused of appropriating the trade secrets didin fact
make use ofthem, and that the use was prohibited
by.the agreement."

Can trade secrets be kept while still satisfying the
requirement of enabling the best mode of making
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and using the invention? Christianson v. Colt
Industries Operating Corp., 798F.2d 1051,230 USPQ
840 (7th Cir. 1986), transferred 822 F.2d 1544, 3
USPQ 2d 1241 (Fed. Cir. 1987) vacated on other
grounds, 486 U.S. 800, 108 S. Ct. 2166, 7 USPQ 2d
1109 (1988) provides some teachings.Colt made the
M16 rifle for the United States Army under several
patents. When the patents expired, Christianson
sought to enter the market. Unfortunately,
Christianson was never able to make a rifle that the
Army would buy, because the detailed
manufacturing specifications that made the rifle
parts interchangeable were not disclosed in the
patent specificationand, presumably, Christianson's
engineering staff was not able to duplicate the
manufacturing specifications satisfactorily.
Christianson brought suit against Colt for antitrust
violations, alleging that Colt's patents were invalid
ab initio for failure to satisfy the disclosure,
enablement, and best mode requirements of Section
112. Christianson claimed that because the claimed
parts could best be used for incorporation into the
standard M16 rifle, Colt should have disclosed the
crucial interchangeability in the patent
specifications. The District Court held for
Christianson, but on appeal the Federal Circuit
reversed, holding that whileSection 112requires the
patent to enable one of ordinary skill to practice the
claimed invention, it has never required the
patentee to disclose data on how to mass produce
the claimed invention. There was no showing that
Christianson could not make the claimed .. parts
according to the patent specification; he simply
wasn't able to assemble the parts into an M16 rifle.
The question of whether the patents enable one to
mass produce the parts and "to incorporate them in
a particular manner desired bya particular customer
is simply and totallyirrelevant," The patentee is not
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obliged to make a free gift of production data to
competing manufacturers. As to the claim that Colt
should have disclosed assembly into the M16 rifle,
because that was the best mode of using the parts,
the Court pointed out that a limitation on
interchangeability or use in the M16 rifle appears
nowhere in the claims. Because the best mode
requirement relates only to practicing the claimed
invention, it :only necessitates disclosure in the
patent specification as to the use of individual
claimed parts in a rifle.

D. Trademark/Patent Licenses

Like trade secrets, trademarks are potentially
eternal. Like trade secrets, trademarks can be
included within a patent license with great care. It
is necessary to avoid tying: that is, to make the use
of the trademark a freely bargained for, separate
grant with separate royalty stream, justified by a
non-illusory statement of value. There is one
important point to remember: a patent, and all that
it contains, is freely available to the public on
expiration of the patent. If the name that the
patentee wishesto claim as its trademark is included
in the patent, it cannot be registered and cannot be
enforced as a trademark when the patent expires.
This unfortunate situation arises most often in plant
patents: the name on the patent "Morning Glow
Petunia" cannot be claimed as a trademark.
Pharmaceutical companies have long been aware of
this problem. The generic name that is imposed on
a proprietary drug is long, unpronounceable, and
unrememberable while the trade name, which is
theirs forever, is short, evocative, and easy to
remember.
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E. Scope of Claims

It is hazardous to go outside the scope of the claims
in establishing a royaltybase: that is, the accounting
item -onwhich the percentage royalty is calculated.
The scope of the claims can be broadened during
drafting and prosecution by including all categories
of subject matter: composition of matter, process of
making, methods of using, device for using. An
illustrative example is United States Patent Number
5,048,532. This inventor made a special kind of
disposable esophageal catheter and assembled
existing electronic equipment to collect data. He
analyzed peaks and minima from the resulting
curves to determine several important physiological
measurements. He never made a black box to
collect, analyze, and display results. The company
licensing the patent is developing such a monitor,
which mayor may not be patentable. The catheters
and monitors are separate items, priced and sold
separately. It couldbe an illegal extension of patent
scope to include the monitors. in the royalty base,
except that the patent claims the method of
collecting, analyzing, and displaying results. Because
the device is made specifically to practice the
method claims, it is within the scope of the patent.
By collecting royalties on monitors as well as
catheters, another temptation is avoided: that of
attempting to fix the catheter price so that the
licensee cannot use the disposables as a loss leader
for the sale of monitors.

An analogous case in the biotechnology art did not
involve a license, but is a valuable lesson in how the
courts are stickingto the clear meaning of the words
of a claim.Amgen Inc. v. United States International
Trade Commission, 902F.2d.1532, 14 USPQ 2d 1734
(Fed. Cir. 1990) involved erythropoietin (EPO), the
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most valuable biotechnology product to date. The
case arose when Amgen attempted to block the
importation of EPO by Chugai Pharmaceutical
Company,under Section 337 (a) of the Tariff Act of
1930, 19 USC §§ 1337 and 1337(a), which made
unlawful the importation into the United States of
articles that "are made, produced, processed, or
mined under, or by means of, a process covered by
the claims of a valid and enforceable United States
patent." Amgen had a patent with claims directed to
recombinant DNA sequences coding for EPO,
vectors carrying those sequences and host cells
expressing those vectors to produce a good yield of
recombinant EPO. At this time, Amgen had no
claims to the rEPO itself or to a process of using
the host cell to make rEPO. Chugai used the same
or equivalent host cell in Japan and imported the
rEPO into the United States. The ITC dismissed
this case for lack of subject matter jurisdiction, and
Amgen appealed to the Federal Circuit. The issue
on appeal was interpretation of the language
"process covered by the claims" of Section 337 (a).
Amgen's position was that the section did not
require a "traditional process claim." Not so, said
Judge Rich. Although the host cell could be
considered a machine because it produced rEPO,
the host cell claim did not cover a process any more
than a claim to a machine would cover the process
performed by the machine. There was nothing
nontraditional about host cell claims that should call
for revision of longstanding claim interpretation.
Finally, Judge Rich held that "cover" had a plain
meaning in the language and among the patent
attorneys at whom the statute was directed, and
concluded that "cover" could only mean a patent
having at least one claim defining a process. The
Court affirmed the ITC dismissal of the complaint.
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One section of the "Boucher Bill" now in Congress
would amend 35 U.S.C. § 271 to make the
importing, selling, or using products made using a
"biotechnological material" an act of infringement.
Many' patent attorneys are against the bill, the
principal arguments being that the amendments are
unnecessary because competent attorneys have
learned how to draft appropriate claim language,
and that technology-specific legislation may violate
NAFfA/GATI provisions requiring patents to be
available without discrimination as to field of
technology. A good biotech patent attorney knows
how to write a claim that will give protection under
§271 (g) which makes it an act of infringement to
import a product made by a patented process: not "I
claim hybridoma 101" but "I claim a process for
detecting X disease using hybridoma 101." Use good
patent attorneys!

IV. MISCELLANEOUS

The new Guidelines clearly recognize that such licensing
practices as field of use, cross-licensing, and joint
development are likely to be procompetitive. However,
outside the simple, direct licensing of a simple, direct
patent, other problems unrelated to antitrust or misuse
may arise that can interfere with the smooth progress to
a successful license, and lead to license cancellation or
litigation.

A license is usually the basis for a long-term, ongoing
relationship between the parties, and all means by which
the relationship can be kept amicable should be
considered. Business people are not usually patent
attorneys and may have difficulty in understanding the
patent that is the core of the agreement. The most
common error is thinking that everythingdisclosed in the
specification may be freely practiced by the patentee, his
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assignees, or licensees,while actually there may be other
patents in existence that cover some of the technology
disclosed in the specification. Make sure the patent
attorney keeps the language as clear and simple as
possible. A good attorney will be very clear on exactly
what the claims cover and will sound an early alert to
any dominant patent, owned by a third party, that will
prevent the patentee from practicing the patent.

Broad patents are frequently licensed in exclusive fields
of use. It is desirable, but not always possible, to define
a field of use within one independent claim. Granting
rights to "Claims 4, 5, and 6, but to no other Claims"can
be helpful in keeping a licensee from inadvertently
straying outside his fence.

As patent prosecution goes along, claims are amended
or dropped. As product development goes along,
features are added or changed or dropped. A client will,
more often than not, never pay close attention to an
application after it is filed. The patent issues and both
client and attorney are shocked to find it doesn't cover
the product. It is the technology manager's job to keep
the attorney informed as product development goes
along. Sometimes,economycan be achievedby canceling
claims that have turned out to be worthless.

Beware the joint invention. If the inventor has made a
truly seminal discovery and has applied for broad
coverage that will dominate all uses, it is probable that
other entities will seek to work in cooperation with the
first inventor, with resulting joint inventions. This is a
more common situation in universities than in industry.
The problem is twofold. First, the joint owner may have
cross-licensing agreements with unknown third parties.
Secondly, the joint owner may use the joint rights as a
back door to using the dominant patent without paying
royalties.
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V. CONCLUSION

The fifteen year lull in patent antitrust actions by the
Antitrust Division of the Department of Justice may be
over. The patent misuse defense is on the rise. The
technology manager should avoid the temptation of
licensing outside the scope of the patent by obtaining as
long a patent term as possible, broadening the scope of
claims, claiming all appropriate subject matter, and
coordinating patent prosecution with product
development. Other problems unrelated to antitrust or
misuse also can most easily be avoided if recognized
early.
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