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A Note About Definitions: The focus of this report is the
biopharmaceutical industry. The biopharmaceutical
industry is defined as including the following industry
sectors: biotechnology and other life sciences,
pharmaceutical preparations, other biological products,
medicinal and biological manufacturing and in vitro
diagnostic substances. The term “bioscience” is also used
and refers to a broader sector that includes medical
devices and agricultural feedstocks and chemicals in
addition to biopharmaceuticals. Some states use the
terms “life sciences” or “biomedical sciences,” which often
include hospitals and health care institutions as well.

Executive Summary
The biopharmaceutical industry contributes significantly to national, state, and local economies.
Recognizing this sector’s contributions to state economies in terms of providing high‐value,
high‐wage, revenue‐generating jobs, the Pharmaceutical Research and Manufacturers of
America (PhRMA) commissioned Battelle to conduct this study to examine the extent to which
state governments are targeting the industry for economic growth and development. This
report documents the range of state policies and initiatives designed to attract and grow the
biopharmaceutical sector. The report was not meant to draw comparisons across states nor was
it intended to suggest that there is a “model” approach or blueprint for attracting and building
biopharmaceutical industry presence. Rather it highlights some effective approaches that other
states may wish to consider as they develop their own economic development and innovation
strategies. The report describes how states vary greatly in the maturity of their biopharmaceutical
sectors and the degree to which state governments haves been involved in nurturing the
growth of the industry. It also documents the economic value this sector offers and describes a
range of policies that states can employ to create a climate favorable to sustaining and growing
this sector.

Key Findings
During the last decade, state governments have
increasingly begun to target the biopharmaceutical industry
and the larger biosciences because they are economic
engines providing high‐wage, high‐skilled jobs across a
range of occupations. National employment in the
biopharmaceutical sector grew by 29 percent between
2001 and 2008, exceeding not only total private sector job
growth by eight times, but also job growth of other high
technology sectors such as software and computer
services, computer and related equipment, finance and
insurance, and aerospace. Even during the initial recession
year of 2007 to 2008, the number of biopharmaceutical
industry jobs grew by 1.4 percent, while overall private
sector employment declined by 0.7 percent. Examples of
the economic contributions at the state level include the
mature North Carolina’s bioscience industry sector, which
added $64.6 billion to the state’s economy and generated
$1.92 billion in state and local taxes in 2008.1 Similarly,
while Arizona began with a relatively small bioscience
industry, it has continued to implement a statewide
bioscience roadmap and has achieved considerable
success in growing its bioscience cluster. The economic
contributions of the Arizona biosciences include
$12.5 billion in economic activity and employment of

87,415 workers in Arizona in 2007, with a total economic
impact of more than $21 billion taking into account the
additional jobs (indirect and induced impacts) created in
the economy as a result of bioscience activity in the state.2
The biopharmaceutical industry sector stands out in rate of job
generation from 2001 to 2008 when compared to other high‐
technology industry sectors
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States’ efforts to grow a biopharmaceutical cluster vary
based on their individual circumstances—there is no single
policy or strategy for growing a biopharmaceutical industry
cluster. Each state must craft a distinctive approach based
on its unique assets and relative strengths.
The research and development enterprise that generates
new treatments and cures requires access to specialized
equipment and facilities, entrepreneurs with experience in
biopharmaceutical firm development, investors willing to
invest at each stage in the development of a
biopharmaceutical company and access to patients,
physicians, and other health care providers willing to
participate in clinical trials. In other words, a complex
research, innovation and commercialization ecosystem
needs to be in place. As a result, states with strong
biomedical research institutions often focus on
encouraging technology transfer and commercialization of
research discoveries as well as on providing financial and
other support to their start‐up and emerging bioscience
companies. States with a less developed bioscience
research base may initially focus on investing in building
state‐of‐the‐art research facilities to attract leading
scientists and companies to their states.
While the actions that each state will take will
differ based on its unique situation and the level
of development of its biopharmaceutical industry,
the primary strategies states pursue are similar.
They include:




II

Building bioscience research capacity. The
presence of a robust bioscience R&D base is critical
for states, regions, and countries seeking to grow a
biopharmaceutical industry cluster. States generally
seek to do this by providing funding to universities
and research institutions to attract and retain
world‐class bioscience research faculty, providing
the physical infrastructure—buildings and
equipment—needed to conduct world‐class
research, directly investing in bioscience R&D, and
providing incentives to attract bioscience research
institutions.
Encouraging commercialization and providing
support to bioscience entrepreneurs. State efforts
to develop a bioscience cluster, or any technology
cluster, usually include a focus on providing support
to individuals that are trying to get a new venture
off the ground. States fund, and in some cases
administer, programs that provide business
mentoring by experienced CEOs who have
succeeded in growing a bioscience company,
in‐depth assistance in preparing to present a

“The U.S. model in life science research is
based on a synergy of government funding,
research institutions and private sector
investment and development.”
“Value of U.S. Life Sciences: A White Paper Exploring
Competitiveness Delivery and Challenges”
Milken Institute, April 2009
http://www.milkeninstitute.org/publications/public
atio=resrep&function=list

business plan to potential investors, connections to
sources of capital at the pre‐seed, seed and later
stages, and help in forming a business team of
managers with commercial vision.


Facilitating the availability of capital to meet firm
needs at all stages of development. States are
implementing the following actions to ensure that
biopharmaceutical companies can access the capital
they need: creating commercialization and seed
funds that provide the funds needed to show that a
technology has commercial potential and to support
very early‐stage start‐up companies, investing in
bioscience‐focused venture capital funds, and
offering incentives to attract private venture capital
investment in biopharmaceutical companies.



Implementing policies to attract and grow the
biopharmaceutical industry, such as policies to
increase capacity to grow, attract and retain
talented workers, facilitate commercialization of
research findings, and create a business
environment that supports the biopharmaceutical
sector. Traditional and nontraditional economic
development efforts used by the states include but
are not limited to:


State funding and financial incentives to
support the construction of high‐tech labs and
other research facilities



Financial incentives to enable companies to
expand or locate within the state



Training, education and workforce
development programs



Tax policies to encourage the location and
growth of industry sectors that provide high‐
wage, skilled jobs, including the biopharma‐
ceutical industry. These may include refundable
R&D tax credits.

Developing a strategy to attract and grow the
biopharmaceutical sector is a critical step to realizing
future economic growth at the state level. States and
regions looking to develop a biopharmaceutical industry
cluster should:


Assess the current business environment for
biopharmaceutical companies



Inventory the assets that exist within the state’s
industry and research institutions on which to
build a biopharmaceutical industry cluster



Identify any gaps that need to be addressed in
the infrastructure that is needed to support a
biopharmaceutical cluster



Develop a set of well‐defined, goals, strategies,
and measurable actions.

Conclusion
State governments realize that the biopharmaceutical
industry sector is an increasingly significant contributor to
national, regional, state, and local economies. As a result,
states in every region of the U.S., as well as countries
throughout the world, are targeting this sector for
development and making investments to create an
environment or ecosystem that will be attractive to
biopharmaceutical firms. States invest in attracting this

sector not just for the tax revenues it offers but also
because of the substantial direct, indirect, and induced
employment this sector offers in terms of high‐value,
high‐wage blue and white collar jobs and the economic
contributions they offer. States also invest in biopharma‐
ceutical development because the sector brings benefits to
citizens in terms of having access to the latest medical
discoveries, diagnostics, and treatments. Those states that
are able to create an environment that is supportive of the
biopharmaceutical sector will reap rewards in terms of
stronger, more diversified economies and a healthier
citizenry.
Just as more and more states are recognizing the economic
contributions and potential for economic growth offered
by a robust biopharmaceutical sector presence, so are
other countries and regions of the world. Increasingly,
states are not just competing with other states for
companies to locate R&D facilities and associated jobs but
also with other countries. While the U.S. is currently the
global leader in biopharmaceutical R&D, a growing number
of emerging economies including China, India, Brazil, and
others are developing and implementing their own
economic development strategies to attract and grow the
biopharmaceutical sector. To ensure that the U.S. remains
the global leader in biopharmaceutical R&D, it is critical
that state and national policies ensure a favorable policy,
regulatory, and business environment.
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Introduction
The biopharmaceutical industry contributes significantly to national, state and local economies.
One of the keys to the competitiveness of the U.S. biopharmaceutical industry has been a
unique partnership between the public and private sectors to advance the industry. The public
sector contributes by investing in basic life science research and development (R&D) and
supporting educational institutions that both conduct R&D and produce a well‐educated, highly
skilled workforce. The private sector not only invests very significant resources in R&D as well
but is also responsible for moving new discoveries into the marketplace, a long, uncertain
process that requires very significant
capital investments.
State governments play a role by
supporting education, and in some
cases R&D, but more and more state
governments see the biopharmaceutical
industry as a source of high‐wage, high‐
quality jobs and are thus targeting this
industry sector for development, often as part of a larger bioscience
or life sciences industry cluster.
States are undertaking initiatives, often in partnership with the private
sector, to grow this industry not only because of its economic impact
but also because new research discoveries will lead to advances that
will improve the health and quality of life of their citizens. The
biopharmaceutical industry offers the opportunity to create new firms,
high wage jobs and income while at the same time offering
employment across a broad range of occupations thereby providing
jobs for people at a variety of skill levels from researchers and
scientists to technicians to production workers.
States vary greatly in the maturity of their biopharmaceutical
sectors and the degree to which state government has been
involved in nurturing the growth of the industry. In some regions,
such as San Francisco and Boston, the biopharmaceutical industry
grew organically with little government involvement. In other
regions, such as Research Triangle in North Carolina, San Diego, and
Maryland’s I‐270 corridor, state governments have promoted
conditions similar to those that allowed the private sector to grow
in San Francisco and Boston. Today, many states and regions that
have not had a significant presence of biopharmaceutical firms are
identifying niche areas in which they can be competitive in
capturing a share of the future growth of this industry sector.
These state efforts to achieve growth of the biopharmaceutical
industry reflect not only the importance of this sector to a broad
number of states, but can help inform national policies and
programs to spur economic growth and maintain the United States’
globally competitive position as our nation continues to recover
from the economic downturn. For this reason, the nation’s leading
industry organization for biopharmaceutical research companies,

Why States Care About the
Biopharmaceutical Industry
“As Governor, I know how important it is to see
biotech thrive throughout California…And while
biotechnology has a significant impact on our
economy, the most important reason for all this
effort is that we are saving lives.”
Arnold Schwarzenegger
Governor of California
BayBio Impact, 2009

“The bioscience industry is important to Georgia
because it creates high‐wage jobs and clean‐tech
economies and is a leading driver of innovation.”
Ken Stewart, Commissioner
Georgia Department of Economic Development
Press Release, 05/18/2009

“We need to do everything we can to expand this
industry and continue to diversify Michigan’s
economy. Bioscience not only has great growth
potential, it will draw significant investment to the state
and pays its workers extremely well. This is just the type
of economic development we need to help get our
economy moving in the right direction.”
The Honorable Pam Byrnes
Speaker Pro Tempore, Michigan Legislature
05/08/2009

“Building on our long history of innovation and
leadership in the life sciences is a key component of
Indiana’s economic development efforts. Our life
sciences sector offers great opportunities for high‐
wage jobs and economic growth involving Indiana’s
intellectual capital, public support, academic
partnerships, and industry collaborations.”

Driving State Economic Growth in the 21st Century: Advancing the Biopharmaceutical Sector

Todd Pederson
Former Director of Life Sciences
Indiana Economic Development Corp
Remarks Delivered at BIO 2007
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PhRMA, engaged Battelle’s Technology Partnership Practice to review
state policies and programs to attract and grow the biopharmaceutical
industry on a state‐by‐state basis. It should be noted that many
of the programs described in this report are designed to grow a
state’s technology‐based economy and are available to other
technology sectors as well, but some states have initiated efforts to
meet specific needs that are unique to the biopharmaceutical industry.
This report:
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Presents an overview of the industry’s contribution to
national and state economies



Discusses the factors that need to be in place to create a
climate favorable to sustaining and growing this sector



Describes state programs designed to grow the
biopharmaceutical industry



Provides information for policymakers and legislators who
have an interest in growing the biopharmaceutical industry
in their states, regions and local economies.

The Biopharmaceutical Industry:
A Key Driver of Economic Growth
More than 622,500 workers were employed in the
biopharmaceutical industry in 2008 providing high‐wage
and high‐quality jobs and contributing to the development
of vibrant regional economies.3 National employment in
the sector grew by 28.8 percent between 2001 and 2008,
exceeding not only total private sector job growth by eight
times, but job growth of other highly targeted industry
sectors such as software and computer services, computer
and related equipment, finance and insurance, and aerospace.
Even during the initial recession year of 2007 to 2008, the
biopharmaceutical industry grew by 1.4 percent in jobs,
while the national total private sector employment
declined by 0.7 percent. An earlier study conducted by
Archstone for PhRMA, which used a similar definition of
the industry, estimated that the biopharmaceutical sector
supported 3.2 million jobs in 2006, including direct,
indirect and induced employment.4

biopharmaceutical industry from scientist to technician to
production worker, the average salary is higher in the
biopharmaceutical industry than across all private sector
industries.6 This is because the biopharmaceutical industry
sector is a high value‐added, research‐intensive sector.
Table 1: Average Pharmaceutical Wages by Occupation, 2008

Occupational Group
Management
Business & financial operations
Computer & math science
Architecture and engineering
Life, physical and social
scientists and technicians
Sales & related
Office & admin support
Production

Avg. Wages,
Pharmaceuticals
2008
$129,000
$68,520
$80,090
$76,350
$71,980
$76,990
$39,710
$37,140

Avg. Wages,
All Industries
2008
$100,310
$64,720
$74,500
$71,430
$64,280
$36,080
$32,220
$32,320

Source: Bureau of Labor Statistics, CQEW data and Battelle calculations.

The biopharmaceutical industry sector stands out in rate of job
generation from 2001 to 2008 when compared to other
high‐technology industry sectors
40.0%
30.0%

28.8%

Numerous studies at both the national and state level
demonstrate the significant contribution that the industry
makes to state and national economies.


Nationally, the biopharmaceutical sector’s direct
contribution of $88.5 billion to the nation’s Gross
Domestic Product (GDP) was triple the average
contribution from sectors in the rest of the
economy in 2006.7



Biopharmaceutical firms invested more than
$70,000 in R&D per employee between 2000 and
2004, almost ten times the average for all
manufacturing industries and it is estimated that
every one‐time $15 billion investment made by the
biopharmaceutical industry in R&D expands GDP by
at least $27 billion annually.8



North Carolina’s bioscience industry sector, which is
broader than the biopharmaceutical sector, added
$64.8 billion to the state’s economy and generated
$1.92 billion in state and local taxes in 2008,
including direct, indirect and induced impacts.9



A study of Greater Philadelphia’s life science cluster
found the sector accounted for 15 percent of all
economic activity and 1 in every 6 jobs in the region.10
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But it is not just the quantity of jobs, but their quality that
makes the biopharmaceutical industry such a key driver of
economic growth. The annual average wage of a
biopharmaceutical worker was $97,737 in 2008 as
compared to an annual average wage of $45,371 in the
total private sector.5 Across all occupations involved in the
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An economic impact analysis found that Arizona’s
bioscience sector, including bioscience firms,
hospitals and health care institutions, and the
bioscience R&D sector, directly contributed
$12.5 billion in economic activity and supported
87,415 jobs in 2007. The total economic impact
was more than $21 billion taking into account the
additional jobs (indirect and induced impacts)
created in the economy as a result of activity in
the overall bioscience sector.11

The biopharmaceutical industry sector is projected to
continue to grow. The Bureau of Labor Statistics projects
that the pharmaceutical sector, defined as including
pharmaceutical and medicine manufacturing, will add
17.6 million jobs between 2008 and 2018, growing at an
annual rate of 0.6 percent compared to a 0.9 percent
decrease in overall manufacturing employment. Output of
the pharmaceutical sector is projected to grow at an
annual rate of 3.3 percent reaching $194.5 billion dollars in
2018.12

“In every community in our country, people are suffering
from preventable chronic diseases. Not only does that
suffering affect our nation’s overall health—but also our
nation’s economic productivity,” said Richard Carmona,
M.D., M.P.H., FACS. “With this new data from the Milken
Institute, we now know the cost burden of chronic disease
in our nation, and it’s truly staggering. If we are unable to
reduce the rate of chronic disease, the potential economic
damage to our nation could be devastating.”
Dr. Richard H. Carmona,Chair
Partnership to Fight Chronic Disease (PFCD)
Former U.S. Surgeon General, and President of Canyon Ranch Institute
“Milken Institute Study: Chronic Disease Costs
U.S. Economy More than $1 Trillion Annually”
PFCD Press Release, 10/02/2007
http://www.fightchronicdisease.org/news/pfcd/pr10022007.cfm

There are a number of technology and market forces
propelling biopharmaceutical development forward
that include:
The rise of personalized medicine. Recent scientific
breakthroughs have increased our understanding of how a
person's unique genetic make‐up makes them susceptible
to certain diseases. This same genetic research also
increases our ability to predict which medical treatments
will be safe and effective for each patient, and which ones
will not. These breakthroughs are leading to a new set of
tools in diagnosis and treatment called personalized
medicine.
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An aging population and need for innovative solutions to
chronic diseases: With the advent of advanced medical
treatments, diagnosis and practice, we have made
significant advances in extending life spans and turning
many diseases, such as cancers and heart disease, into
chronic diseases rather than immediate life threatening
ones. But a growing elderly population and other
environmental and behavioral patterns increasing the
susceptibility to disease is advancing the incidence of
chronic diseases and the costs to individuals, families and
the broader society that call for innovation in health
treatments and practice, along with improved life styles.
A study released in 2007 by the Milken Institute reports
that the annual economic impact on the U.S. economy of
the most common chronic diseases is calculated to be
more than $1 trillion, which could grow to nearly $6 trillion
by the middle of the century. 13 According to the study,
seven chronic diseases—cancer, diabetes, hypertension,
stroke, heart disease, pulmonary conditions and mental
illness—have a total impact on the economy of $1.3 trillion
annually. Of this amount, $1.1 trillion represents the cost
of lost productivity.
The Milken study is the first of its kind to estimate the
avoidable costs if a serious effort were made to improve
Americans’ health. Assuming modest improvements in
preventing and treating disease, Milken Institute
researchers determined that by 2023 the nation could
avoid 40 million cases of chronic disease and reduce the
economic impact of chronic disease by 27 percent or
$1.1 trillion annually.
The biopharmaceutical industry has a critical role to play in
addressing these challenges, and national and state
policymakers have a stake in seeing the industry develop
innovative solutions that will keep our citizens healthy and
maintain the U.S. position as the global leader in
biopharmaceuticals. Understanding what policies and
programs will create a climate that supports the
development of this sector requires understanding of the
environment in which biopharmaceutical firms operate.
Within the last decade, the biopharmaceutical sector’s
business environment has changed due to a number of
factors including increased costs and time of drug
development due to the increased complexity of the
science and expanding regulatory requirements, and
decreased likelihood that a candidate drug will survive the
years of testing and regulatory review required for
approval. Other challenges include increased hurdles once
new medicines reach the market as payers have increased
their influence over prescribing, which impacts access to
new medicines. In response to such challenges, this sector
is transforming in many ways, including increasing

efficiencies in the R&D process. The future of the sector
will depend, in large part, on how the health care sector
evolves over time and how policymakers decisions—
particularly those in the states—affect companies’ ability
to attract sufficient capital and talent.
The next section of this report discusses the unique
ecosystem required for biopharmaceutical development.

Driving State Economic Growth in the 21st Century: Advancing the Biopharmaceutical Sector
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What it Takes to Build a Biopharmaceutical
Industry Cluster
Development of the biopharmaceutical industry provides
one of the best examples of industry cluster development.
Industry clusters are geographic concentrations of
interrelated individuals, firms and institutions, which are
both competing and collaborating by accumulating know‐
how and intellectual property. Firms in clusters often
compete for the same employees, technologies and
infrastructure.
Biopharmaceutical clusters have tended to grow in close
proximity to academic medical centers, universities, and
nonprofit research institutions with strong biomedical R&D
bases—organizations that make discoveries that can be
turned into new products and treatments by the private
sector. This is not a surprise given the major emphasis on
research and development by biopharmaceutical
companies—the U.S. biotechnology sector invested
$65.3 billion in R&D in 2009—and the close connections
between basic research discoveries and product
development in the biopharmaceutical sector.14 This
institutional research community is not only key for its
scientific breakthroughs, but for its ability to create a local
environment in which biopharmaceutical companies can
access talent, specialized scientific facilities and clinical
research partners to test new products. Biopharmaceutical
firms flourish in areas where there are many opportunities
for R&D collaboration and public/private partnerships that
link companies, researchers and clinicians.
Translating discoveries from the “bench to the bedside”
also requires access to specialized equipment and facilities,
talent familiar with testing and regulatory requirements,
entrepreneurs with experience in biopharmaceutical firm
development, investors willing to invest at each stage in
the development of a biopharmaceutical company and
access to patients and physicians willing to participate in
clinical trials. In other words, a complex research,
innovation and commercialization ecosystem needs to be
in place within a region to drive biopharmaceutical cluster.
“The nation’s ability to produce high‐value products and
services that support high‐wage jobs depends on our
ability to create and sustain regional hubs of
competitiveness and innovation.”
Professor Michael E. Porter
Clusters of Innovation: Regional Foundations for U.S. Competitiveness
10/2001
http://www.compete.org/images/uploads/File/PDF%20Files/CoC
_Reg_Found_national_cluster.pdf
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“The U.S. model in life science research is based on a
synergy of government funding, research institutions and
private sector investment and development.”
“Value of U.S. Life Sciences: A White Paper Exploring
Competitiveness Delivery and Challenges”
Milken Institute, April 2009
http://www.milkeninstitute.org/publications/publications.taf?cat
=resrep&function=list

An examination of those regions that have succeeded in
building a robust biopharmaceutical cluster suggests that
it requires:


A strong basic research community able to attract
competitive external grant funding



State and private sectors committed to building a
robust base of high‐quality science and technology
R&D and supportive infrastructure



Academic and industrial researchers committed to
translating discoveries into application and moving
them forward to commercialization



Highly skilled workers and a deep talent pool of
both researchers and entrepreneurs



Public and private sources of risk capital



Affordable lab space and facilities equipped to
house biopharmaceutical companies



Mechanisms that support networking and cluster
development



Favorable financial incentives and tax policies.

What stands out about the biopharmaceutical industry is
that it takes many partners to create economic value. It is
not simply a matter of companies bringing together an
effective team. To go from new ideas for biopharmaceuticals
to bringing patients new innovative treatments calls for a
wide range of collaborations from university scientists to
physicians and nurses carrying out clinical trials to
government regulators to healthcare providers.

The figure below, which was adapted from an article by
Mark J. Ahn and Michael Meeks in the Journal of
Commercial Biotechnology, illustrates the process by which
a discovery is commercialized and the roles played by both
large and small biopharmaceutical companies, federal and
state governments, research institutions and the private
sector. As the focus of this report is on what states can and
are doing to support the development of the biopharma‐
ceutical sector, the graphic emphasizes the public sector
role and provides much less detail on the private sector
role, which is, of course, very significant.

A Complex Path to Product Development and Approval
Only one of every 10,000 potential medicines investigated
by America’s biopharmaceutical companies makes it
through the research and development pipeline and is
approved for patient use by the U. S. Food and Drug
Administration. Winning approval, on average, takes 15
years of research and development and costs $1.3 billion
dollars.15 Potential new medicines pass through several
crucial stages on their way from research laboratories to
the pharmacy shelf.
The process it starts with research performed by industry,
academic medical centers, universities, nonprofit research
centers or the NIH. Typically such research is supported by
biopharmaceutical companies as well as by federal grant
awards from NIH and other agencies. Some states also
provide direct funding for bioscience R&D. Federal and state
governments and the private sector also fund the facilities,
laboratories and equipment needed to conduct the research.
How States Support the Drug Development Process
Established
Biopharmaceutical
Companies
Form Strategic Alliances

Startup
Biopharmaceutical
Companies
Regulatory approval process

New Products

CUSTOMERS
• Patients
• Insurers
• Physicians
• Employers
• Hospitals
• Government

When the researcher who makes a discovery is in a
university or nonprofit research institution, he or she
submits an invention disclosure to the university or
research institution’s technology transfer office. Most
universities that conduct research established offices to
handle technology transfer after the passage of Bayh‐Dole,
legislation enacted in 1980 that allows universities to
patent and license discoveries made using federal R&D
dollars.16 Technology transfer staff review the disclosure
and make a decision as to whether to apply for a patent
and if the technology has commercial potential. If the
research institution decides to commercialize the
technology, there are two primary paths it can take. It can
seek to license the technology to an existing company or it
can create a new company, often headed initially by the
researcher and license the technology to the start‐up
company.
Whether a drug or treatment is being developed by an
established biopharmaceutical company or a start‐up
biopharmaceutical firm, the process it must go through is
similar. Typically the technology coming out of the lab will
require further research followed by testing in living cells,
in animals and via computational models. Pre‐clinical
testing in the lab (referred to as in vitro testing) and in
animals (in vivo testing) is conducted to determine if it is
safe to test the new drug in humans.
Next the firm files an Investigational New Drug Application
with the Food and Drug Administration (FDA). If the
application is approved by the FDA, clinical trials can begin.
There are several phases of clinical trials. Phase I usually
includes a small group of volunteer participants. Phase II
involves about 100 to 500 patients and Phase III involves a

Collaborative R&D
License Technologies

Universities and
Non‐profit
Research
Institutions

• Federal and state
grant funding
• State investment in
facilities, equipment, faculty

• Federal SBIR awards
• State grants, loans and equity investments
• Angel investors
• Venture funds and other
institutional investors

• State investment in
private venture funds
• Angel investor tax credits
• Venture investment tax credits

Average cost to develop a drug: $1.3 billion in 2006
Average time to develop a drug: 10–15 years
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much larger group of patients in the range of 1,000 to
5,000 people. Upon successful completion of Phase III, the
FDA can approve the drug, treatment or diagnostic for use,
but even after approval, research activities continue. The
total time required to complete this process is
approximately 10 to 15 years. The average cost of
developing a new medicine was approximately $1.3 billion
in 2006. In reality, the vast majority of drug candidates
never make it to the market.

referred to as angel investors. Oftentimes angel
investors are individuals who have made their
wealth by starting and growing companies and such
investors help to mentor new entrepreneurs as well
as provide investment capital. A number of states
offer tax credits to encourage individuals to make
such investments.


Established biopharmaceutical companies. Startup
and emerging biopharmaceutical firms often enter
into strategic alliances with global biopharmaceutical
companies under which the established firm
provides funding for the right to market certain
products or apply the products to address certain
disease areas.



Private venture capital firms. Those
biopharmaceutical firms reaching a certain level of
success and promising significant returns on
investment usually receive several rounds of
investment from private venture capital funds.
Given the high‐risk nature of venture capital funds,
state governments use a variety of techniques to
encourage investment in venture funds and to
encourage venture funds to invest in
biopharmaceutical companies. In some cases, states
have invested state funds in private venture funds
that agree to make a good faith effort to invest in
companies in the state. In other cases, states have
used tax credits to encourage individuals to invest in
venture funds or created publicly funded venture
funds.



Initial Public Offerings. Biopharmaceutical firms
can raise funding by selling shares of the company
to institutional and individual investors.

Major Capital Resources and Multiple Funding
Rounds Required
The very long timeline and need for large amounts of
capital make the R&D process extremely difficult for a
small start‐up company and very costly for both small and
large companies. Biopharmaceutical companies raise the
majority of their capital from the private sector but both
states and the federal government also have economic
development programs that provide support to start‐up
and emerging firms to encourage their growth and its
resulting economic impacts. These programs recognize
that many early‐stage biopharmaceutical companies will
not be profitable but even at this stage they are providing
high‐wage jobs and have the potential to be major
contributors to the economy.
Biopharmaceutical firms often access the following sources
of funding:
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Small Business Innovation Research (SBIR) awards.
Under the federal SBIR program a number of federal
agencies including National Institutes of health (NIH)
and National Science Foundation (NSF) set aside a
percentage of their extramural R&D funding for
small businesses. The program has proved to be a
very important source of funding enabling start‐up
biopharmaceutical companies to advance
technologies to the point at which they are able to
attract private investment.



State and regional grant, loan and investment
programs. States and regions seeking to grow a
biopharmaceutical cluster often provide small
amounts of early‐stage capital to start‐up
biopharmaceutical companies to tide them over to
the point at which they can obtain private sector
investment.



Angel investor funds. Firms also receive
investments from high net worth individuals, often

Once a drug has been approved, the firm has to scale up for
manufacturing, which can also be a challenging process.

Case Studies Illustrating the Process
The following case studies describe how discoveries
eventually led to the creation of successful
biopharmaceutical companies and the various public and
private sector actors and programs that helped these
companies achieve success, which is very difficult to
achieve.

Start‐up Biopharmaceutical Company Succeeds with Public and Private Investments,
Collaborations and Partnerships
In 1992, an Assistant Professor of Medicine and Pathology at Yale University launched a biopharmaceutical company to
develop treatments for rare diseases. The company was based on research conducted in the 1980’s and 1990’s that
suggested that selective targeting of a specific part of the immune system was the key to treating certain autoimmune
diseases. In 1993 and 1994, the firm continued to refine its approach and succeeded in developing a proprietary antibody.
In 1995–1996, the firm obtained exclusive worldwide licenses to certain patents and technology from Yale University and
the Oklahoma Medical Research Foundation with respect to complement inhibitors. The company also entered into a
license agreement with the Biotechnology Research and Development Corporation (BRDC) for technology owned by BRDC
that was developed at the University of Illinois. In 2000, the firm acquired another biopharmaceutical company that
possessed extensive research expertise and technology in creating fully human antibodies.
The firm took its initial product, a drug to treat Paroxysmal Nocturnal Hemoglobin (PHN), a progressive and life threatening
disease characterized by the excessive destruction of red blood cells, through initial clinical development and pilot patient
studies between 1997 and 2001. Clinical studies began in 2002 with a proof‐in‐principle study conducted in the United
Kingdom. Following this successful trial, two additional studies were undertaken. Based on the strong results from these
trials, the company submitted a Biologics License Application to the FDA and a Marketing Authorization Application to the
European Medicines Evaluation Agency, receiving approvals from both agencies in 2007. The drug currently is the only
treatment that decreases the destruction of red blood cells caused by the disease.
During the long development process—15 years—the firm tapped multiple sources of public and private funding and
entered into strategic alliances with six other biopharmaceutical firms to pursue additional drug candidates. Public funding
helped the company at its early stages of development. The company received:
 Three equity investments from Connecticut Innovation’s
Eli Whitney Fund between 1993 and 1997. Those funds
have since been repaid more than three times over the
initial investment. The Eli Whitney Fund is operated by
Connecticut Innovations (CI), a quasi‐public organization
whose mission is to support the development of
Connecticut’s technology‐based economy.

MILESTONES
1992
1993–1994

Company launched by Yale researcher
Company receives investment from Connecticut
Innovation
Firm succeeds in developing proprietary antibody to
treat PHN

 $850,000 in NIH SBIR awards and $3.7 million in multiple
grants from the National Institute of Standards and
Technology’s (NIST) Advanced Technology Program between
1995 and 1999. The Advanced Technology Program provided
matching funds to firms to support longer‐term, high‐risk
research expected to result in societal benefits, such as,
improved health.

1995–1997

Between 1996 and 2007, the firm also raised more than
$233 million through an Initial Public Offering, a private
placement and by selling stock in the company. The firm
began manufacturing its product in 2007. Approximately
500 people are employed at the company headquarters in
Connecticut and the firm also has a manufacturing facility in
Rhode Island. Between 2007 and 2009, the firm doubled its
employment. In 2008, the company reported net income of
$33.1 million.

1996–2007

Firm raises $233 in private funding

2002

Begins clinical trials

2007

Successfully completes Phase III clinical trial

The company is continuing to use its technology platform in
developing additional therapies, thereby creating an emerging
product pipeline. Current areas being explored include therapies
to treat asthma, age‐related macular degeneration and cancer.17

Obtains exclusive worldwide license to technologies
developed at Yale, OMRF and the University of Illinois
Receives SBIR and NIST ATP awards
Raises $28.8 million through IPO and private placement

1997–2001

Begins clinical development and pilot studies
Acquires biopharmaceutical company with extensive
expertise in creating fully human antibodies

Receives approval for use in the U.S. and Europe
Begins manufacturing initial product
2008

Profitable company with $33.1 million in net income

2009

Company continuing to develop product pipeline
building on its technology platform to address other
diseases

Source: Alexion Pharmaceuticals website, www.alxn.com and information
provided by Connecticut Innovations Inc.
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Maryland Company Succeeds with State, Federal and Private Sector Support
Support from Maryland’s technology‐based economic development programs helped a start‐up company develop and commercialize one
of the world’s best‐selling biotechnology drugs, a drug that prevents a respiratory disease in infants. The firm collaborated with
University of Maryland researchers on six different projects between 1996 and 2006, with support provided by the Maryland Industrial
Partnerships (MIPS) program. The MIPS program provides matching funds for university‐based research projects that help companies
develop new products. The program seeks to encourage firms to collaborate with university researchers and leverage private dollars by
providing state matching support. While the state funds are limited, the program is used to create ongoing relationships between
companies and university researchers in the hope that the company will continue to fund future sponsored research projects and that
successful products will be commercialized in Maryland adding to the state’s economic base.
Between 1995 and 2006, the firm licensed technology from a variety of universities and research institutions, including University of
Rochester, Rockefeller University, Purdue University, Georgetown University and Burnham Institute for Medical Research. During the
same time period the firm entered into more than a dozen strategic alliances with other biopharmaceutical firms.
The firm raised capital from the private sector, issuing an Initial Public Offering of $24 million in 1991. The firm raised additional funding
by issuing stock in 1996 and 2006, when it sold $1.15 billion of convertible senior notes.18 The state again provided assistance from its
traditional economic development programs to help the firm finance the construction of its manufacturing facility. In 2007, the firm
introduced the first influenza vaccine to use attenuated live virus technology and is currently developing a vaccine to help prevent
respiratory syncytial virus (RSV), one of the most important causes of lower respiratory illness in infants and young children. The
company was acquired by a global biopharmaceutical firm in 2007 for $15.2 billion. The firm continues to operate in its Maryland
location, employing Maryland workers and generating income and revenue for the state. 19

These case examples demonstrate that the development
of a drug or therapy is a long and complicated process that
involves many people from researchers across various
institutions to clinical institutions that are the sites for
clinical trials to collaborators in other firms. Federal, state
and local governments also often play a role by supporting
research and development, helping to provide early‐stage

10

financing and supporting firm creation and growth with the
expectation that these firms will develop into a robust
cluster of high‐growth companies providing jobs and
generating revenue for the state in which they are located.
The remainder of this report focuses on the specific
policies and programs state governments use to facilitate
this development process.

Developing a Strategy to Attract and Grow a
Biopharmaceutical Industry Cluster
As discussed previously, there is general agreement that
growing a biopharmaceutical cluster requires:


World‐class bioscience research programs



A thriving risk capital community (angels and
venture capital firms)



The capacity to grow, attract and retain
talented workers



An ability to commercialize research findings



A business climate that supports the
biopharmaceutical industry.

During the last decade, state governments have begun to
target the biopharmaceutical industry, often as part of a
larger life science or bioscience industry sector, for
development.20 They have done so because the industry
is growing, a source of high‐wage, high‐skilled jobs
providing employment opportunities across a range of
occupations offering quality of life benefits for state
citizens. There is no single policy or strategy for growing a
biopharmaceutical industry cluster. Each state must craft
a distinctive approach based on its unique assets and
relative strengths.
The strategies pursued by states differ based on the level
of development of the state’s bioscience support

Why are the biosciences important to Arizona?
“Two reasons: better healthcare, stronger economy.
Regarding healthcare, the biosciences offer local access to
the latest medical discoveries, diagnoses, and treatments,
and top healthcare practitioners. This is important to every
state, but especially Arizona, where a fast‐growing
population presents medical‐manpower challenges but also
opportunities to pioneer new modes of treatment, especially
through personalized medicine. On the economic side, the
biosciences means good, high‐paying jobs—not only in
science, but supporting areas such as law, marketing,
accounting, etc. The biosciences offer a stronger, more
diversified economy that can help to weather dry economic
times that come with a state reliant on cyclical industries
such as construction and tourism.”

infrastructure. States with strong biomedical research
institutions often focus on encouraging technology transfer
and commercialization of research discoveries and
providing financial and other support to their start‐up and
emerging bioscience companies. States with a less
developed bioscience research base often focus on
building research and development capacity by investing in
research and research infrastructure. To jump start their
efforts, some states recruit research institutions and/or
biopharmaceutical companies to locate within their state
to form a foundation around which to build a cluster of
bioscience research institutions and companies.
The first step for a state or region looking to develop a
biopharmaceutical industry cluster is to assess the current
environment for biopharmaceutical companies, inventory
the assets that exist on which to build a biopharmaceutical
industry cluster, and identify any gaps that need to be
addressed in the infrastructure that is needed to support a
biopharmaceutical cluster. It is important to consider the
current industry and research activities underway as well
as assess the state’s competitive strengths relative to other
regions. The activities that need to be undertaken to
develop a biopharmaceutical development strategy
include:


Examining the existing biopharmaceutical
industry base



Identifying areas of research strength that offer
the best opportunities for development



Assessing the state’s competitive position and
identifying any gaps that exist



Developing a set of well‐defined strategies and
actions.

Each of these activities is discussed on the following pages.

“Arizona BioBasics”
http://www.azbiobasics.com
Accessed 06/16/2010
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Examining the Existing Biopharmaceutical
Industry Base
A first step in developing a strategy to grow the
biopharmaceutical sector is to examine the size,
composition and growth trends of a state’s existing
biopharmaceutical sector. Does the state have an existing
or emerging biopharmaceutical sector? Does it include
large global companies or is it comprised of small start‐up
companies? Employment data from the Bureau of Labor
Statistics can be used to determine the size and
composition of the sector and to identify growth trends.
States will differ significantly in the size and makeup of
their biopharmaceutical sector. In a study prepared for BIO
in 2008, the states with large (5 percent or greater share of
total U.S. employment) and specialized21 biopharmaceu‐
tical sectors included California, New Jersey, Pennsylvania,
North Carolina, Indiana, and Illinois.22 The strategies these
states pursue to encourage the continued growth of this
sector will differ from states that have a concentration of
smaller, start‐up biopharmaceutical companies, such as
Oklahoma or Iowa. The former group of states might focus
on meeting workforce needs and maintaining favorable tax
policies while the states with smaller start‐up companies
might focus on helping firms access capital and providing
support to entrepreneurs.

leader in every facet of the industry. Each state has to identify
those specific areas that offer the greatest opportunity for
development within the state. By focusing resources on
specific niches that represent strengths for a state or
region, a robust platform for economic development can
be built with the specialized resources, infrastructure and
talent required to accelerate discovery and
commercialization.

Conducting a Competitive Assessment and
Gap Analysis
In addition to examining a state’s existing biopharmaceutical
industry base and identifying key targets for development,
it is important to assess the state’s competitive position on
key factors that will affect the state’s capacity to grow a
biopharmaceutical industry cluster. These include:


The size of the state’s bioscience R&D base. Is there
a sufficient R&D base to support development of
the cluster or does the R&D base need to be
enhanced?



The level of technology transfer and
commercialization activity. Are the state’s
bioscience research institutions actively involved in
licensing and new firm creation at a level that
reflects the size of its R&D base?

Identifying Opportunities for Development



Not all states and regions are built alike and it is the
differences that can best define how a state or region can
succeed in advancing its biopharmaceutical cluster. Each
state needs to identify existing and emerging strengths of
the state’s industry and university bioscience industry
research base and determine how these areas of strength
can be built upon to advance the development of specific
targeted technologies.

Venture capital investing and the extent of
innovation occurring as demonstrated by such
measures as number of SBIR awards and number of
bioscience patents awarded. Are venture capital
firms investing in bioscience companies within the
state? Are companies successfully competing for
SBIR awards? What is the level of patenting activity
in the biosciences?



Workforce development. Are sufficient programs in
place to meet firms’ needs for skilled technical
workers? Are the state’s universities producing a
sufficient supply of graduates with bioscience‐
related degrees?



Commercial bioscience real estate and research
park developments. Does the state have sufficient
sites and facilities available to house biopharma‐
ceutical companies? Is there a sufficient supply of
wet lab space, i.e., labs where chemicals, drugs or
other biological matter are tested and analyzed that
meet very specific requirements for water,
ventilation and specialized utilities?

In Colorado, for example, the state is seeking to develop its
pharmaceutical biotechnology sector and has targeted six
specific areas in which it has key strengths: infectious
disease biologics, in‐vitro diagnostics, cancer biologics and
vaccines, gene‐based and RNA‐based therapeutics,
veterinary pharmaceuticals and diagnostics and small
molecule pharmaceuticals. Maryland is also seeking to
develop its biopharmaceutical sector and is targeting
biopharmaceuticals for cancer, neurological disorders and
infectious diseases, vaccines, cell‐based therapies and
gene‐based therapies. These are areas in which Maryland
has research strengths and an existing base of firms. These
areas also provide strong market opportunities.
Given the breadth of the biopharmaceutical industry, it is
unrealistic to assume that a state or region will become a
12

Examining these issues is useful in identifying any gaps that
will need to be addressed to create a climate in which
biopharmaceutical firms can be established and prosper.

Developing Strategies and Actions
Economic development is not easy to achieve in general,
while technology‐based economic development is an even
greater challenge. For economic development to occur an
entire interconnected sequence of positive factors have to
be in place. For development of technology‐based business
sectors, such as biopharmaceuticals, the chain of factors is
particularly complex and challenging to develop and
manage, although there are numerous states and regions,
such as North Carolina, San Diego, and Maryland that have
demonstrated that it can be done. However, if any link in
the chain is missing, a sustainable technology cluster is
much less likely to develop.
The states and regions in the U.S. which have achieved
success in technology‐based economic development
(places such as the San Francisco Bay region and Boston)
have well‐developed technology development chains in
place. These technology‐based economic development
chains may form naturally over time (as occurred in Silicon
Valley), or they may result from dedicated activities of

states, regions and key stakeholders to connect and build
links in the chain to assure such development happens.
The figure below illustrates a basic technology‐based
economic development chain and the specific links that
need to be in place to form and grow a technology cluster.
While most activity occurs in the private sector, this
graphic is meant to show the places in which state policies
and programs can support private sector activity.
A comprehensive program to build a biopharmaceutical
cluster ideally addresses all stages in the firm life cycle
of a biopharmaceutical company, from research to drug
discovery and prototype development to pre‐clinical
testing, firm formation, and firm attraction and expansion.
Arizona is an example of a state that began with a fairly
small bioscience industry, but developed and has
continued to implement a statewide bioscience roadmap
and has achieved considerable success in growing its
bioscience cluster. See text box on the following page.

Connecting the links in the development chain:
State policies that support biopharmaceutical industry growth.

Attraction of
Biopharmaceutical
Companies

Attraction of
Biomedical
Research
Institutions

Basic
Science

Applied
R&D

Building Bioscience
R&D Capacity
• Funding to attract and retain
world‐class bioscience
researchers
• Funding to construct the
physical infrastructure –
facilities that include
state‐of‐the‐art laboratories
and equipment
• R&D grants for bioscience
research
• Incentives to attract
bioscience research anchors

Encouraging
Development

Technology
Transfer

New Enterprise
Development

Biopharmaceutical
Firm Expansion

Encouraging
Commercialization and
Providing Support to
Bioscience Entrepreneurs

Facilitating the
Availability of Capital

• Commercialization funding

• Programs to
attract private
venture funding

•Access to specialized
facilities
•Entrepreneurial support
services
• Incubators

• Proof of concept
and seed funding

• Bioscience investor
and angel investor
tax credits

Biopharmaceutical
Industry Cluster

Attracting and Growing
Biopharmaceutical Firms
• State tax policies
• Incentive programs
• Workforce development
programs
• Research parks
• Facilities

• Refundable and
tradable R&D
tax credits
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Arizona’s Bioscience Roadmap
Arizona is currently in the seventh year of implementing the Arizona Bioscience Roadmap that was originally developed in 2002.
Development and implementation of the Roadmap has been a public‐private endeavor overseen by a network of committees, including
300 of the state’s business, academic, and government leaders, with financial support provided by the Flinn Foundation, a private
foundation based in Phoenix. The Arizona Bioscience Roadmap called for:


Building the state’s research infrastructure



Building a critical mass of firms



Enhancing the business environment



Preparing the workforce and educating citizens.

Initially, Arizona state government focused primarily on building the state’s R&D
infrastructure. In 2003, the legislature approved $440 million for research facility
construction, primarily in the biosciences. In June 2006, the Legislature appropriated
$35 million to Science Foundation Arizona (SFAz), a nonprofit public‐private organization
dedicated to diversifying Arizona’s economy by making strategic investments in science
and technology; and in 2007, the legislature approved an additional $100 million over
4 years to be matched by the private sector, making the total investment in SFAz
$235 million through 2012. In 2008, the Legislature committed $470 million for two
key facilities at Phoenix Biomedical Campus.
More recently, the State of Arizona has focused on developing policies and programs
designed to stimulate the creation and growth of new bioscience firms including:

Between 2002 and 2007,
Arizona’s bioscience cluster
grew rapidly with employment
increasing by 24 percent. The
cluster includes agricultural
feedstock and chemicals,
drugs and pharmaceuticals,
hospitals, medical devices and
equipment and research,
testing and medical
laboratories. More than
13,500 workers are directly
employed in the state’s
bioscience industry.



Enactment of an angel investor tax credit offered to investors in early‐stage
technology companies in 2005



Expansion of the state’s R&D tax credit in 2008



Funding of the Arizona Economic Resource Organization, a nonprofit created to coordinate the state’s economic development
efforts, including launching a “fund of funds” to commercialize high‐technology innovations.
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Effective Practices in State Initiatives to Grow the
Biopharmaceutical Industry
States vary in the level of development of their
biopharmaceutical industry sectors. States, such as
California, Illinois, Indiana, New Jersey and Pennsylvania,
are home to well‐established, large biopharmaceutical
industry clusters. Other states, such as Colorado, Georgia,
Utah and Virginia have biopharmaceutical industry clusters
that are emerging and growing and other states, such as
Arkansas, Oklahoma, and Vermont, have biopharma‐
ceutical industry clusters that are in an early stage of
development. While the actions that each state will take
will differ based on its unique situation and the level of
development of its biopharmaceutical industry, the
primary strategies states pursue are similar. They include:


Building bioscience research capacity



Encouraging commercialization and providing
support to bioscience entrepreneurs



Facilitating the availability of capital to meet firm
needs at all stages of development



Implementing policies to attract and grow the
biopharmaceutical industry.

Each of these strategies and the types of action that can
be taken to achieve them are discussed below.

Investing in Building Bioscience Research and
Development Capacity
The presence of a robust research and development base
is critical for states, regions and countries seeking to grow
a technology‐based economy. Public and private research
institutions, including universities, nonprofit research
institutions, private companies, and national laboratories,
generate new knowledge and technologies that form the
basis for creating new firms and introducing new products
and services in the marketplace. These research
institutions attract and produce highly educated
individuals who provide the technically skilled workforce
needed by technologically‐advanced companies. The
presence of such a workforce, in turn, attracts companies
to locate in proximity to research centers of excellence.

Biopharmaceutical companies, to an even greater extent
than other technology companies, tend to grow in
proximity to universities and academic medical centers
known for their bioscience research excellence. As a result,
the first order of business for a state or region seeking to
grow its biopharmaceutical industry is to strengthen its
bioscience R&D capacity. States generally seek to do this in
the following ways.
Attracting and retaining world‐class bioscience
research faculty

Faculty recruitment programs are designed to increase the
R&D dollars that are flowing into a state by recruiting
faculty that have an excellent track record of successfully
competing for R&D awards and in some cases, successfully
spinning out new companies. This mechanism is most
often used by states that have a less developed R&D base.

EFFECTIVE PRACTICE EXAMPLES:

Georgia Research Alliance’s Eminent
Scholars® Program was one of the first such
programs and has had a long track‐record of
success. To date, the Georgia Research Alliance
has invested approximately $510 million to
help attract more than 60 GRA Eminent
Scholars,® the majority of which are in the
biosciences. As a result of this investment, the
state has attracted an additional $2.6 billion
in federal and private funding (a return of
more than $5 for every $1 invested), created
more than 5,500 new science and technology
jobs, established more than 150 new
companies, and allowed established Georgia
companies to expand into new markets.23
Arkansas, Kentucky, and West Virginia are
among the states that have similar programs
to attract university researchers.
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Providing the physical infrastructure—buildings and
equipment—needed to conduct world‐class research

University research programs—at least ones that operate
in the life science area—are most likely to flourish if they
have access to an excellent physical infrastructure. This
includes state‐of‐the‐art laboratory facilities, equipment,
telecommunication capacities, computer systems and
software, and the buildings to house all of these elements.
It also includes the creative use of land and other holdings
in support of the R&D enterprise. Despite the significant
growth in federal support of university research and major
increases in NIH funding during the last decade, federal
support for infrastructure is proportionately less plentiful
than project support (which is heavily weighted toward
research personnel costs). There are some equipment
grants available, but the competition is quite fierce. As a
result, a combination of state and local government
support, philanthropy, and corporate donations must fill
the gap. During the last decade, many states have invested
millions of dollars to construct bioscience laboratories and
other buildings.

Missouri and Wisconsin have made similar
investments. Missouri committed $355 million
for facility and infrastructure improvements
at the state’s colleges and universities
through its Lewis and Clark Discovery
Initiative, and Wisconsin made a 10‐year,
$375 million commitment to create the
Wisconsin Institutes of Discovery, a public‐
private partnership that will create a large,
new, multidisciplinary campus‐within‐a‐
campus at the University of Wisconsin.
Directly investing in bioscience R&D

Most basic research is funded by industry and the federal
government, but in some cases state governments invest
in research in areas that are critical to the state’s industry
sectors or focus on areas that the state is targeting, such as
biopharmaceuticals. State research funding is often used
to position a state’s research institutions so that they can
compete successfully for other public and private research
funding. States also fund biomedical research that
addresses medical conditions that are prevalent in a
particular state’s population.

EFFECTIVE PRACTICE EXAMPLES:

Illinois is an example of a state that has
sought to develop its biopharmaceutical
sector by providing funding to construct
university biomedical research buildings. In
2007, the University of Illinois opened the
state’s signature bioscience R&D facility, the
186,000‐square‐foot, $75‐million Institute for
Genomic Biology on the Champaign‐Urbana
campus. Some 400 researchers from diverse
university departments now work in this
building, focusing on three broad areas:
system biology, cellular/metabolic
engineering, and genome technology. The
state also supported facilities construction for
a Structural Biology Center at the Advanced
Photon Source at Argonne National
Laboratory. In 2009, the governor approved
Illinois Jobs Now, a capital and infrastructure
program that included $300 million for
science and technology investments and
several hundred million more for university‐
based construction projects.24
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“The life sciences community in Washington is as innovative
as any in the world. It is a unique area in which our state can
compete and win in the global marketplace.
It will be worth it. As we move forward in the life sciences and in
global health, we are making an important contribution not only
to ourselves and to the future of Washington, but also to all of
humanity by providing better health to people everywhere.”
Governor Christine Gregoire
The Future of Life Science in Washington
October 2006
http://www.wabio.com/econ_dev_reports/WA_Growth_Strategy_2006.pdf

EFFECTIVE PRACTICE EXAMPLES:

Washington’s Life Sciences Discovery Fund
(LSDF) is a $350 million, 10‐year initiative,
created in 2005, that awards competitive
grants for research that improves the state’s
life‐science competitiveness, improves
healthcare for its citizens, and fosters
economic growth. After a start‐up phase
funded by the state, most of LSDF’s ongoing
funding comes from the state’s tobacco
settlement fund with smaller amounts for
commercialization from regional companies,
foundations, and healthcare systems. In its

most recent solicitation, the LSDF announced
2009 grant competitions of $15 million for
large‐scale “program” grants, $5 million for
smaller “project” grants, and two smaller
competitions for “commercialization” awards.
Since its inception through April 2009, the LSD
has made 21 grants to researchers totaling
$51 million.
Florida, North Carolina, Pennsylvania and
Ohio are among the states that invest in
bioscience R&D.

dominant share was in the life sciences. As of
June 2008, the state of Florida had made the
following commitments of funds, including
from the Incentive Fund and other state
sources:


$310 million to attract the Scripps
Institute



$155.3 million to attract to Orlando
an East Coast branch of the Burnham
Institute



$94.1 million to attract a life‐science
unit of the German Max Planck
Institute



$24.7 million to attract to Port
St. Lucie an East Coast branch of the
Torrey Pines Institute



$60 million to attract to Port St. Lucie
an East Coast branch of the Vaccine
and Gene Therapy Institute of the
Oregon Health and Science
University.27

Providing incentives to attract bioscience
research institutions

One way that states can jumpstart their efforts to grow
a biopharmaceutical cluster is to market the state as a
location for biopharmaceutical companies or a
biopharmaceutical research institution. Traditional
economic development incentives can be used to
accomplish this or special programs can be developed
targeted specifically to biopharmaceutical firms.

EFFECTIVE PRACTICE EXAMPLE:

Florida has been pursuing a strategy designed
to attract high‐tech, high‐wage technology
jobs to the state since the early 2000s. In
2004, the state committed $310 million (as
part of a broader package estimated to total
nearly $500 million in incentives from various
levels of government and other actors) to
convince the Scripps Research Institute of
La Jolla, California, to open a Scripps Florida
unit.25 The direct and indirect impacts of this
deal are usually estimated at 6,500 jobs; but,
the decision to subsidize was based explicitly
on the argument that the number of jobs
ultimately created would reach nearly 45,000,
including biotechnology and pharmaceutical
firms that would be drawn to the area to be in
proximity to these major research institutions.26
In 2006, Florida created an Innovation
Incentive Grant Fund designed to stimulate
the development of large projects in the life
sciences and other technology areas. From
2006 through 2008, the Fund awarded
$450 million in incentive grants, of which a

In each of these cases, county and local
governments have been involved, again on
the reasoning that the bioscience research
entities would both attract additional
biopharmaceutical companies and spin‐off
new companies.
Virginia is another state that has been successful in
attracting biopharmaceutical research institutions,
including a campus of the Howard Hughes Medical
Institute and SRI International’s Center for Advanced
Drug Research.

“The opening of Scripps Florida marks an important
milestone in the Sunshine State’s development as a
biotech hub and as a global leader in medical research
and development,” said Governor Crist. “Florida’s
economy will benefit from the collaboration among
Scripps Florida and the state’s other biotech companies
and the result will be important advances that improve
the health and quality of life for everyone.”
“Governor Crist Celebrates Opening of Scripps Florida”
Press Release, 02/26/09
http://www.flgov.com/release/10558
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Pennsylvania Capital Efforts Help Pharmaceutical Company to Succeed
A Pennsylvania biopharmaceutical start‐up, which entered into a merger agreement with a global biopharmaceutical company worth
about $400 million in 2008, received early investment and support from numerous Philadelphia technology‐based economic
development organizations. The company was formed in 2003 to address difficult‐to‐treat hospital‐based infections. In the United States
alone, over eight million people are hospitalized with bacterial infections each year, accounting for greater than 90 million days of
therapy.
In 2004, Ben Franklin Technology Partners of Southeastern Pennsylvania invested $300,000 in the company. Ben Franklin Technology
Partners is a state‐funded network of regional centers that make pre‐seed and seed‐stage investments in technology‐based start‐up
companies. The company also received investments from BioAdvance, the Philadelphia region’s life science greenhouse and the Mid‐
Atlantic Angel Group. BioAdvance is one of three “life science greenhouses” created by the Commonwealth of Pennsylvania in 2001 to
promote the growth of the life science industry in the state. Mid‐Atlantic Angel Group is a member‐managed investment organization
that aims to provide seed capital to technology‐based start‐up companies in Southern and Central New Jersey, Delaware, and
Southeastern Pennsylvania.
Between 2004 and 2008, a number of private venture capital firms, including Quaker BioVentures, SR One Ltd., and Birchmere Investors
in Pennsylvania, Capital Investment Group in New York and BTG plc (public limited company) in London invested in the company. The
company’s lead antibiotic is currently in Phase II clinical trials, a key step in the drug development process. The firm has now merged with
a biopharmaceutical company that is a world leader in the research, development, manufacturing and marketing of products to protect
and improve health and well‐being.
Source: Ben Franklin Technology Partners of Southeastern Pennsylvania, 2009.

Facilitating the Availability of Early‐Stage Capital
Most people realize that the discovery of new knowledge
resulting in the development of new technologies is a very
expensive and time‐consuming process with the average
time to develop a new drug an average of $1.3 billion and
10 to 15 years. Additional costs associated with developing
and bringing a technology product or service to market are
often even larger, such as costs of assessing the market to
determine the competition and scaling up for large‐scale
manufacturing as well as costs relating to post‐marketing
surveillance. These activities require the availability of
sufficient capital throughout a product’s life cycle to
finance business growth and economic development.
While these needs apply to all technology‐based
companies, biopharmaceutical companies need to access
larger amounts of capital for longer time periods to cover
the time needed to complete clinical trials and obtain
regulatory approvals before products can be introduced
into the market.
Yet, few sources of funding bridge the gap between the
points at which (1) an initial discovery has been identified
and eventual demonstration of clinical utility and (2) a
business case has been validated and venture or other
debt capital can be obtained. Start‐up biopharmaceutical
firms often experience a capital gap during the pre‐clinical
stage of development in which data to support the safe
testing of a medicine in humans are collected. Without
such data, a company cannot file an Investigational New
18

Drug (IND) application, nor fund the development of
clinical data required for review and approval from the
Federal Drug Administration. Most investors will not
consider investing until an IND is filed. The following types
of programs can be created to ensure that biopharmaceutical
companies can access the capital they need.
Creating commercialization and seed funds

Commercialization funding refers to the funds needed
to do the additional clinical research, testing and
development that are needed to prove that a technology
has commercial potential. Seed funding is the financing
needed to support very early‐stage start‐up companies.
It has become more and more difficult to obtain seed
funding from private sources. As private venture capital
funds have become larger, they have tended to make
larger, later‐stage investments. Angel investors, high net
worth individuals willing to invest in early stage firms, can
be a source of seed funding, but angel investors have also
begun to invest at later stages as well. To fill this early‐
stage funding gap, states have created both
commercialization funds and seed funds to ensure that
early‐stage biopharmaceutical firms can access the capital
they need.
Commercialization funding is usually provided in the form
of a grant that does not require any repayment on the part
of the firm. In some cases, a small repayment, e.g., twice
the amount of the original grant, may be required only if
the firm succeeds in commercializing a product. Seed funds

are more likely to make investments, meaning that the
state government or entity making the investment will
receive a return on its investment, which may take the
form of equity or another form of repayment.

EFFECTIVE PRACTICE EXAMPLES:

Colorado’s Bioscience and Life Science Fund
(HB 08‐1001) is an example of a proof of
concept fund. It provides grants to Colorado
start‐up companies and research institutions
seeking to commercialize new biotechnology
drugs, biofuels, medical devices, and
nanotechnology. The grants, capped at
$15,000 for research institutions and
$250,000 for companies, can be used to
support proof‐of‐concept projects,
translational research, and incubators and to
provide financing for start‐up companies
formed to commercialize university‐developed
technologies. The program was funded at
$26.5 million for 5 years in 2008.28
The Connecticut BioSeed Fund provides early‐
stage capital, typically in the range of
$500,000 to $1 million, to start‐up bioscience
companies. These investments are designed
to sustain a company until it is able to secure
its first round of private investment. Areas
targeted for investment are pharmaceuticals,
genomics, molecular science, biomedical
engineering, and medical devices. Firms are
selected for investment based on the market
potential of the technology, the track record
of the company’s leadership, and the strength
of the intellectual property. The BioSeed Fund
is a $5 million fund managed by Connecticut
Innovations, a nonprofit organization that
promotes technology‐based economic
development in the state.29
Attracting private venture capital

The private venture capital market is heavily concentrated
on the two coasts. It can be difficult for firms to secure
venture capital investments if there are no, or few, locally‐
based funds as most venture capital investors like to be in
close proximity to their portfolio companies. Even if a firm
starts up in a state, it may need to relocate to obtain
venture funding from an out‐of‐state firm. As a result,

states employ a variety of tools to encourage the
establishment of in‐state venture funds or to encourage
funds located out‐of‐state to consider investments within
their state. Some states have provided funding to create a
“funds of funds”, a fund that invests in private venture
capital funds that agree to make a good faith effort to
invest in firms within the state. Other states have
encouraged state pension funds to invest in venture
capital funds and still other states have created public
venture capital funds.

EFFECTIVE PRACTICE EXAMPLES:

In 2001, the Pennsylvania legislature
allocated $100 million from the state’s
tobacco settlement to create three regional
Life Sciences Greenhouses that make pre‐seed
and seed‐stage investments in life science
start‐up companies. The legislation also
required that $60 million be invested through
the Health Venture Investment Account in a
new generation of life science‐oriented
venture capital firms based in the state. These
capital pools are supplemented by several
other programs to stimulate the formation of
locally managed venture‐capital funds.30
Wisconsin enacted a major package of
venture investment tax credits under Act 255
in 2004, under which, qualifying angel and
venture capital investors in Qualified Small
Business Ventures (as certified by the
Department of Commerce) may receive tax
credits of 25 percent.31 The 2009/2010 budget
raised the program cap to $4 million in credit‐
eligible investment per qualifying venture, of
which no more than $1 million can come from
angel investors. As of 2011, the cap will rise
further to $8 million. The annual statewide
pool of credits was tripled to $18.25 million
for the angel credit and $18.75 million for the
venture credit. Another way in which
Wisconsin has tried to increase the
availability of early‐stage capital is the State
of Wisconsin Investment Board, the state’s
pension fund, which has invested $200 million
in venture funds that are managed by four
Wisconsin firms, two of which invest in
healthcare and life science firms. Wisconsin
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will also begin offering an exemption to the
sales and use tax for machinery and other
tangible personal property used for qualified
manufacturing or biotechnology research in
the state effective Jan. 1, 2012.

Providing Support to Bioscience Entrepreneurs
State efforts to develop a bioscience cluster, or any
technology cluster, usually include a focus on providing
support to individuals that are trying to get a new venture
off the ground. Entrepreneurs and the managers of start‐
up companies need access to management talent,
technology, capital, professional expertise and a host of
other services. They often need assistance in determining
economic feasibility and identifying markets and distribution
channels. They may also need access to specialized
equipment and laboratories and to expertise to solve
technical issues that arise during product development.
They must be able to recruit key personnel and have
access to pre‐seed capital.
Support services that bioscience entrepreneurs value
include business mentoring by experienced CEOs who have
succeeded in growing a bioscience company, in‐depth
assistance in preparing to present a business plan to
potential investors, connections to sources of capital at the
pre‐seed, seed and later stages; and help in forming a
business team of managers with commercial vision.
Bioscience CEOs also often need advice in finding lab space
and dealing with regulatory and other issues that are specific
to the bioscience sector. A number of states, universities and
other economic development organizations have created
commercialization assistance programs that provide such
support services to bioscience entrepreneurs and
emerging companies.
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EFFECTIVE PRACTICE EXAMPLES:

The Pittsburgh Life Science Greenhouse
(PLSG) provides capital investment and advice
to life science start‐up companies. Through its
Executives‐in‐Residence program, it recruits
bioscience executives with a track record of
successful commercialization to work directly
with start‐up companies helping them to
finalize business plans, attract new
investments, ramp up operations, and
establish solid corporate structures. The
executive’s role is to move companies to the
milestones needed to gain funding. While the
executives are paid by the PLSG, the program
also serves as a conduit to help portfolio
companies find and fill executive positions.
Since the program was created in 2002, 32
executives have participated and eight are
still active with the Greenhouse.32
Heartland BioVentures (HBV), a program of
the Kansas Bioscience Authority, seeks to help
bioscience businesses grow and thrive. HBV
assists early stage bioscience firms to
fundamentally address business, technology,
management and other strategic issues
critical to their success and, thus, improve
their access to venture capital. Specific
services provided by HBV or its partners
include:


Management counsel and
recruitment



Facilitation of clinical collaborations



Recalibration of business models,
financial models, target markets, or
commercialization strategies



Identification of funding sources



Business development.33

Implementing State Policies to Attract and Grow the
Biopharmaceutical Industry
State governments use both traditional economic
development tools, such as financing infrastructure to
support facility development, awarding financial
incentives, or providing assistance with training and
education programs, and tax policy to encourage the
growth of particular industry sectors that provide high‐
wage, skilled jobs, including the biopharmaceutical
industry.
Tax Incentives

In recent years, many states have revised their tax
incentives to align them with the needs of technology‐
based companies and in some cases to meet the very
specific needs of biopharmaceutical and other bioscience
companies. Massachusetts, for example, offers a
refundable investment tax credit, a credit on fees
companies pay to the FDA, a deduction for the cost of
qualified clinical testing for orphan drugs 34and various
sales‐tax exemptions for property used in life science
companies at virtually all stages of their operation. Tax
incentives that target development of biopharmaceutical
companies include:


Bioscience investment tax credits, credits provided
to individuals and/or venture capital funds that
invest in bioscience companies. Arizona, Kansas,
Maryland, North Carolina, Virginia, and Wisconsin
offer tax incentives to individuals, commonly known
as angel investors, who invest in bioscience
companies.

“The Biotech Tax Credit program has become one of the state’s
most important tools for giving fledging biotechnology companies
the chance to mature and commercialize oftentimes life‐saving
discoveries,” said DBED Secretary Christian S. Johansson. “Over
the past three years, the State has invested $18 million in this
program, which has leveraged more than $36 million in
private investment for Maryland’s biotechnology community.”

EFFECTIVE PRACTICE EXAMPLE:

Maryland’s Biotechnology Investment Tax
Credit Program provides income tax credits
for investors in qualified Maryland
biotechnology companies. This tax credit
program was passed to offer incentives for
investment in seed and early‐stage, privately‐
held biotech companies. The value of the
credit is equal to 50 percent of an eligible
investment made in a qualified Maryland
biotechnology company during the taxable
year. The maximum amount of the credit
cannot exceed $50,000 for individual
investors and $250,000 for corporate
investors.35
Arizona, Kansas, North Carolina, Virginia
and Wisconsin also offer bioscience investor
tax credits.



Refundable or tradable R&D tax credits. A clear
majority of states now offer some variation of a
research‐activities credit against corporate or
personal income tax liability. These credits usually
use the same general definitions as the federal
credit, with minor adjustments and only for research
conducted in‐state. A few states have made their
R&D tax credits refundable or transferable, i.e., a
company that qualifies for the state R&D credit can
obtain it in cash even if it has no overall tax liability
to be offset by the credit. Since many bioscience
firms lose money and have no tax liability for many
years during the discovery and development cycle,
this ability to accept R&D tax credits as refunds can
be significantly more attractive than even a lengthy
carry‐forward for unused credits. A refundable credit
to a company that qualifies is effectively a cash
injection and a substitute for a certain amount of
other kinds of financing.

Office of Maryland Governor Martin O’Malley
Press Release, 06/24/2009
http://www.gov.state.md.us/
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EFFECTIVE PRACTICE EXAMPLE:

Iowa’s Research Activities Tax Credit allows
taxpayers to take a refundable tax credit
equal to 6.5 percent of qualified research
expenditures made within the state above a
base amount. The refundable tax credit is
doubled for bioscience companies.36
The New Jersey Economic Development
Authority is authorized to certify annually up
to $60 million in both net operating loss and
unused R&D tax credits for sale by bio/high‐
tech companies that cannot use them
because of lack of tax liability to companies
that can, for at least 75 percent of their value.
Applicants must have fewer than 225
employees including the parent firm and all
subsidiaries. The intent is for sellers to use
certification and sale in order to fund growth
and operations, either as working capital or
to fund research.37
Since 1999, New York has had in place a
Qualified Emerging Technology Company
(QETC) Tax Credit that is aimed at
encouraging the creation of jobs and
investment in emerging technology
companies, including the biosciences.
The QETC Tax Credit includes a refundable
employment credit of $1,000 per employee
added and a non‐refundable credit to
investors in technology companies of
10 percent (up to $150,000) for investments
held for 4 years, and 20 percent (up to
$300,000) for investments held for 9 years.
Companies can also qualify for a refundable
Facilities, Operations, and Training credit of
up to $250,000 and 100 percent of training
costs up to $4,000 per employee.38
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Sales tax exemptions for equipment and machinery
used in R&D. Thirty‐one states offer a sales tax
exemption for equipment used in R&D. Four
states—Colorado, Missouri, New Jersey and Rhode
Island—offer tax exemptions specifically targeted to
the bioscience sector. Thirty‐one states also offer a
sales tax exemption on equipment purchased for
use in biomanufacturing.39

New York City Investment Fund

The QETC facilities operations and training credit (currently
capped at $250,000 for facilities operations and $50,000 for
training) has been one of the most successful incentives for
growing biotechnology companies in New York.
New York Biotechnology Association
2008 State Policy Agenda
www.nyba.org

Conclusion
State governments recognize that the biopharmaceutical
industry, and the larger bioscience sector of which it is a
part, are economic engines that


Generate high‐wage, high‐quality jobs across a
range of occupations requiring varying levels of
education and skills



Contribute to a thriving biosciences
infrastructure that results in new medical
treatments for its citizens



Generate valuable tax revenues.

In addition to creating jobs within the biopharmaceutical
industry directly, the presence of a robust biopharma‐
ceutical sector generates jobs and income in a state’s
research institutions, hospitals and educational
institutions. The biopharmaceutical industry, similar to
other industries, also creates additional jobs in the
economy as firms purchase an array of goods and
services. Battelle has calculated that every job in the
larger bioscience sector creates another 5.8 jobs in the
overall economy at the national level.40

Every job in the larger bioscience
sector creates another 5.8 jobs in the
overall economy at the national level.
Battelle/BIO State Bioscience Initiatives 2010
May, 2010
www.bio.org

This industry sector is a very significant contributor to the
nation’s and state’s economies. State governments in
every region of the U.S., as well as countries throughout
the world, are targeting this sector for development and
making investments to create an environment that will
be attractive to biopharmaceutical firms. But states also
invest in biopharmaceutical development because the
industry brings benefits to citizens in terms of having
access to the latest medical discoveries, diagnoses and
treatments.

To attract and grow this industry, states are building
bioscience research capacity, facilitating the availability
of early‐stage capital, encouraging commercialization,
providing support to entrepreneurs, and enacting tax
policies to attract and grow the industry. States’ efforts
to grow a biopharmaceutical cluster vary based on their
individual circumstances but there is general agreement
that to succeed requires


World‐class bioscience research programs



A thriving venture capital community



The capacity to grow, attract and retain
talented workers



An ability to rapidly commercialize research
findings



A business climate that supports the
biopharmaceutical industry.

Those states that are able to create such an environment
will reap rewards in terms of stronger, more diversified
economies and a healthier citizenry.
Ultimately biopharmaceutical development is about
bringing new medicines and therapeutics to the market
to address national and global health needs, but the
process begins with basic scientific discoveries feeding
into a translational research infrastructure. It is for this
reason that the academic and basic research infrastructure
and policy environment of a state or region seeking
success in growing a biopharmaceutical industry is as
important as the industrial infrastructure and business
climate required for downstream biopharmaceutical
production success.
The most successful biopharmaceutical locations will be
those that are able to sustain the full continuum of
infrastructure, ranging from basic scientific bioscience
discoveries, onward into translational and applied research,
and ultimately into tangible business development and
business attraction and expansion of biopharmaceutical
companies.
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