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EXECUTIVE SUMMARY

Executive Summary
Industry Overview
The Life Sciences and Medical Devices Industry has come rapidly into the public
consciousness in just a few years, partly due to the extraordinary new scientific
knowledge resulting from the human genome mapping project. There is a great
expectation that discoveries resulting in new drugs, procedures, testing capabilities, and
many other benefits will revolutionize health care, create vast benefits to society, and
coincidentally, create vast economic development opportunities for participating regions.
The purpose of this study is to create a background for analyzing the potential of the
Sacramento Region to participate in this opportunity.
Industry Definition
The industry under study is so new that it is actually not identified within the definitional
and statistical framework used in economic analysis. The scope of the Industry covers a
wide range of products related to human health, animal health, agriculture, the
environment, and security from biological and chemical weapons. Many predict that the
Industry is poised for unprecedented dramatic growth as more products come to market
and production is ramped-up in response. In addition to the rapid growth in new
products, significant restructuring among existing industries related to these products is
both shifting business processes and encompassing new activities. In addition to the new
science discoveries, attention is also now being placed on the application of hightechnology and information technology to these life sciences activities.
Despite the wide array of literature on the topic, there is no standard definition of the Life
Sciences and Medical Devices Industry. The Industry is primarily a combination of two
sectors, which, in the past, have been assessed separately, but with restructuring have
become closely related.
The life sciences aspects of the Industry encompasses
what is often termed biotechnology as well as a The Industry:
broader range of research in biology, chemistry, and 9 Medical Equipment and
other life or physical science disciplines to create new
Supplies Manufacturing
processes or products. This aspect has increasingly 9 Electromedical Instrument
Manufacturing
engaged the use of high-technology processes relying
9 Pharmaceutical and Medicine
on mathematics, computer science, and information
Manufacturing
technology to facilitate research and development. A 9 Scientific Research and
wide variety of products and services emerge from
Development Services
the life sciences element including medicine,
organism modification processes, chemicals, and food products. The majority of these
activities can be captured in the Pharmaceutical and Medicine Manufacturing sector. The
second general category, medical devices, relies on scientific and high-technology
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processes in addition to more traditional mechanical and production activities to create
laboratory equipment, diagnostic apparatus, and medical instruments. These products are
typically categorized in the Medical Equipment and Supplies Manufacturing and
Electromedical Instrument Manufacturing sectors. Another key element in the Industry,
which spans both the life sciences and medical devices aspects, relates to general
scientific research and development services, which may be located within public
educational institutions or private research firms. Scientific research and development
includes investigation to gain new knowledge and applications for the creation of new or
significantly improved products or processes. These activities also encompass aspects
such as clinical trials and FDA licensing.
The Cluster Concept
The industry cluster concept is a theme that runs throughout most of the discussions of
the Life Sciences and Medical Devices Industry. Clusters are regional concentrations of
companies and institutions, often within separate industries, which prosper from a
supporting network of related services and supply industries. Members of the cluster
both cooperate and compete with each other. Cluster elements can be based on suppliers
of specialized inputs such as components, machinery, and services; specialized
infrastructure; skilled labor with transferable skills; and governmental and associated
institutions (such as universities, think tanks, vocational training providers, and trade
associations) that provide specific services and technical support.
The most important cluster elements of the Life Sciences and Medical Devices Industry
include universities, funding mechanisms, teaching and research hospitals, highly-skilled
production firms, and a high-skilled labor market. Many view the Industry as being
confined to only a few core regions that can offer the clustering effect. Two regions are
often cited as the core Life Sciences and Medical Devices regions, San Francisco and
Boston.
Even with the Industry growth and concentration of firms in the core regions, the Life
Sciences and Medical Devices Industry comprises very little of the total employment in
these regions and in the nation. In the United States, the employment in the Industry
composed only one percent of total employment in 2002, reaching a high 2.6 percent in
one of the key Industry regions, San Francisco.
Economic Development Focus
Regions throughout the nation are aggressively investing in the Life Sciences and
Medical Devices Industry to stimulate job creation, corporate growth, manufacturing,
research, venture capital, and tax revenues. Many major urban regions of the world are
developing key economic development strategies around the Industry. In the United
States, there are over 40 metropolitan areas that are currently working to improve their
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Life Sciences and Medical Devices Industry business environment, yet there are currently
only a handful of regions that are considered true industry clusters.
New science developed in the Life Sciences and Medical Devices Industry is knowledge
intensive and inherently highly concentrated in areas around universities, colleges, and
science parks. Regions are focusing on these attributes to help build the foundation for
Industry success. Other regions lacking these new science capabilities must focus on
other important elements including support and production activities.

New Science and the Role of Universities
Research and development activities are the main drivers for the Life Sciences and
Medical Devices Industry. Research capacity in both the medical and non-medical facets
of the industry are required to produce the new goods and services that come out of the
Industry. The Life Sciences and Medical Devices Industry makes use of some of the
highest levels of research from a broad range of disciplines. The most important bases of
research are public and private universities with strong research capabilities. In addition
to the traditional academic institutions, medical schools, teaching hospitals, and
veterinary schools also provide a strong research foundation for the medical aspects of
the industry. Private sector companies with strong research and development divisions
and stand-alone research institutions also provide the capacity necessary for the Life
Sciences and Medical Devices Industry. All of these points of research create new
scientific discoveries, innovative practical applications, and product testing and
development.
Regions that have been most successful in the Life Sciences and Medical Devices
Industry usually have one or two prominent research universities and related medical
schools which are the center of much of the research, commercialization, and business
start-up activity. These institutions are keys to the development of new science and often
include mechanisms such as research parks or technology transfer processes to bring the
science out of the research realm and into prototype development. For example, Stanford
and the University of California, San Francisco along with Harvard and the University of
Massachusetts, Boston have played an essential role in making the San Francisco and
Boston areas successful in fostering industry success and developing new science.
Student demand for life science degree or training programs is high and is expected to
increase substantially in the future. This is especially important considering the emphasis
Industry representatives place on workforce development. Medical schools not only help
provide similar workforce and idea development as seen in major research universities,
but also provide a testing arena for the Industry.
Universities often contribute to three additional Industry elements. First, most of the Life
Sciences and Medical Devices Industry connections between separate geographical
regions are between universities, and these linkages are often informal and specifically
research-related. These connections help further the research capabilities and knowledge
transfer by linking to developments in other areas. Second, firms typically develop in a
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particular region based on the founder’s affiliation with the region’s university and
business contacts, illustrating the importance of both knowledge development and
technology transfer as a foundation for Industry success. A strong research university
helps a region foster the ability to retain graduates and related start-ups as well as the
return of alumni to the region, which may bring additional business growth and
investment. The third element is the ability of the region to indirectly develop and/or
attract a large Industry firm. Universities help the region attract or create large firms
whose leadership acts as a catalyst to build-up the essential locational attributes,
influences the regulatory environment, provides an example to other firms, and increase
the region’s funding and entrepreneurial capacity.

New Science versus Production: The Product Life Cycle
New science does not create benefits to society or revenues to repay research and
development costs until new products and services are produced, marketed, distributed,
purchased, and consumed by the public. As this progresses, the emphasis shifts from new
science development at the small experimental laboratory scale to business and
production leadership on a large scale.
Many intangible aspects foster this
commercialization including an entrepreneurial environment and regional leadership;
however, other mechanisms such as research parks, technology transfer institutions, and
incubators cultivate the expertise necessary for the successful transfer of basic research to
product commercialization.
Life Cycle Changes in Industry Structure
There is a key difference in the
The Product Life Cycle:
requirements for the development of
new science and the production of
products. The product life cycle
demonstrates that the goods and
services produced in the Industry go
Employment
through a process of research and
development
to
testing
and
Revenues, Profits
commercialization, and finally mass
production. As the new technology
Prototype
Invention
Commercialization
Obsolescence
Stage
Stage
and Market
and Decline
Market Maturity
product moves through the cycle,
Introduction
Mass Production
there is a constant change in the
investment and revenue structure, the
level of employment and production,
and the type of labor required. Once Shifts in workforce, funding, and locational requirements
the product reaches maturity and
decline, revenue tapers off as the
product becomes a routine, lower-profit commodity (even though units of production are
at their all-time high), and ultimately faces obsolescence and replacement by a new entry
early in its life cycle.
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Between the development of new science and the production of that development, firms
are often faced with the issue of market introduction. There are two basic models by
which this can be accomplished: (1) the creation of a new firm to develop and market the
product, often resulting in an initial public stock offering for large-scale financing; and
(2) a buy-out of the new product by an established firm, using its existing corporate
financing, marketing, and production capacity.
The Role of Clusters
Clustering allows for the efficient and rapid generation, diffusion, and use of knowledge
in a system of both supporting and competing firms. The Life Sciences and Medical
Devices Industry has relied on the clustering effect in a few core regions throughout the
nation. With the current rapid increase of products in the market, a contrast is emerging
between where firms are initiated and where they move into mass production.
New start-up firms usually focus on research and development resources (new science).
Their focus on locational attributes places greater emphasis on research infrastructure,
financing for product development, and facilities and infrastructure availability. As firms
mature, they focus more on clinical testing and production and less on research. This
forces firms to assess locational advantages related to business and manufacturing rather
than research, and to emphasize operational sustainability.
Regions with locational advantages in both research infrastructure and operational
sustainability have an edge in both the current and future elements of the Life Science
and Medical Devices Industry. Typically, industry clusters are unbalanced, only
providing one set of locational attributes. Regions increasingly have the choice to tout
advantages in either the new science or production aspects of the Life Sciences and
Medical Devices Industry.
Life Science and Medical Devices regions have demonstrated “cluster hijacking”
behavior where the region adapts an existing cluster to work within the Industry. This
behavior has been important at both ends of the spectrum from new science to
production. Regions with a foundation in electronic computer technology and/or a textile
manufacturing base have adapted the elements of these sectors to benefit the Life
Sciences and Medical Devices Industry. For instance, the high-technology computer
manufacturing cluster has been essential to the success of the Industry in the San
Francisco and Seattle areas. The past experiences in the high-technology industry have
developed a supporting foundation in the region, a high-skilled workforce, and an
environment with risk assessment experience in funding new technologies. In both the
Piedmont Triad in North Carolina and the State of New Hampshire, textile and other
manufacturing assets have helped the areas succeed in the niche of biomanufacturing.
With a workforce skilled in production and an economy built around manufacturing,
these regions were able to develop their workforce to complete the technical
manufacturing required in the Life Sciences and Medical Devices Industry.
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Multi-Regional Clusters
There is consensus that as the Industry restructures, there may be more room for new
competitive clusters or regions to develop, especially with the growth in the use of
collaborative approaches and network models. Trends suggest that emerging regions
adjacent to core regions may have more initial success than those in areas and states that
do not have a strong Life Sciences and Medical Devices or high-technology cluster
nearby. Movement out of mature core regions is also occurring; these shifts are related to
a relative lack of attractiveness in cost and quality of life factors such as workforce
availability, access to higher education, housing costs, traffic congestion, and other urban
resource constraints.
As the industry matures and restructures, unique approaches to the development and
production of goods and services are becoming apparent. Emerging regions in close
proximity to core Life Sciences and Medical Devices Industry regions are focusing on
their advantages and developing collaborative activities. As the mature core regions
reach a level of strong industry activity, the emerging regions can both benefit from the
mature support services in the core region and attract firms by touting their unique
advantages and proximity.
The two regions can mutually rely on expertise, marketing, niche aspects, and funding.
These collaborative approaches can provide benefits to both the core and emerging
regions by developing an even larger Life Sciences and Medical Devices region with the
key attributes of both areas, forming an even greater competitive advantage. Facing
higher costs and limitations in the core regions, firms have begun to foster these
collaborative efforts, moving entire operations or specific activities to other locations.
These new approaches present options for the Life Sciences and Medical Devices
Industry to geographically expand as the Industry matures and restructures, forcing
activities out of core regions and identifying limitations to development in the established
regions. This can ultimately lead to a “super-cluster” in which the emerging regions and
the mature core regions become both competitors and collaborators, which is the case in
all types of clusters.
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INTRODUCTION

Introduction
The Life Sciences and Medical Devices Industry (hereafter referred to as “LSMDI” or
“the Industry”) is a combination of science and technology which holds great potential
for growth and discovery in the future. This pioneering industry has a broad social and
economic reach—it is involved in developing and producing products for applications
such as improving human health, addressing hunger, meeting energy and environmental
needs, homeland defense, creation of new innovations, and promoting economic growth
and competitiveness.
LSMDI is a combination of two sectors which, in the past, have been assessed separately,
but with industry shifts have become closely related. Often termed biotechnology, the
life sciences aspect of the industry encompasses the use of research in biology, chemistry,
and other life or physical science disciplines to create new processes or products. This
aspect has increasingly engaged the use of high-technology processes relying on
mathematics, computer science, and information technology to facilitate research and
development. A wide variety of products and services emerge from the life sciences
element including medicine, organism modification processes, chemicals, and food
products. The medical devices elements of LSMDI also rely on scientific and hightechnology processes in addition to more traditional mechanical and production activities
to create laboratory equipment and medical instruments. Another key activity in the
Industry which spans both the life sciences and medical devices aspects relates to general
scientific research and development services. Scientific research and development
includes investigation undertaken on a systematic basis to gain new knowledge and the
application of research findings or other scientific knowledge for the creation of new or
significantly improved products or processes. These activities also encompass aspects
such as clinical trials and licensing.
The Industry in its current state is relatively young, especially when compared with
others in the nation like automotive, steel, and chemicals which all emerged more than
100 years ago. LSMDI’s lifespan is much more comparable to the computer industry
which relies on more contemporary innovations and technological advances. Because the
Industry combines medical sciences and information technology, it has become a new
and exciting field. With great economic and social promise, the Industry is becoming one
of the hottest sectors in the economic development realm to generate new business
growth. In the past, economic development activities have focused on luring aspects
such as auto-manufacturing plants, customer call centers, and, most recently, information
technology firms (before the high-technology “bubble” burst). With demand growing for
new medicines and medical devices among an aging and increasingly affluent population,
many states now see LSMDI as a new and viable economic option.
Most states and many of the regions within them are actively developing economic
development strategies for LSMDI in order to create an environment where the Industry
can succeed and grow. This is creating an increasingly competitive environment for
attracting business and investment. Typically, the development and commercialization of
new technologies is ultimately successful in only a few locations. These locations have
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characteristics that are both attractive to businesses and investment in LSMDI and
contain an environment that can foster innovation and new technologies. Once the new
technologies have reached some of the latter phases in the development cycle, priorities
may shift to the production and distribution of the technology, potentially opening the
door for locations with somewhat different attributes.
In creating economic development strategies to attract business and investment in a
specific industry, it is important to have a base understanding of the overall industry’s
characteristics both within the specific region and other locations where it is wellestablished. To gain a base understanding of LSMDI, the City of Sacramento engaged
the Sacramento Regional Research Institute (SRRI) to conduct a regional study of the
characteristics, scope, and potential of the Industry both in general and specifically within
the Sacramento Region. This report addresses the first phase of the overall study, which
was designed to evaluate and gain a comprehensive understanding of LSMDI. The main
objectives of this phase are to define the Industry; determine the economic contributions,
trends, and expectations; and assess the overall importance of the Industry.
SRRI analyzed information from a wide variety of sources in this phase including
economic data, academic and non-academic literature, economic development
approaches throughout the nation, and expert judgment based on direct interviews. The
combination of qualitative and quantitative methodologies in this phase allowed SRRI to
assess the Industry’s historical elements as well as capture views of restructuring, spinoff activities, and complementary aspects. The second phase of the study will identify
LSMDI’s likely future composition and economic development potential distinctively in
the Sacramento Region.
The report is broken down into four main sections. The first section outlines SRRI’s case
studies including the choice of case study regions, interview process, findings from each
case study area, and overall conclusions reached through the case study process. The
findings from the first section act as a building blocks for focusing additional analysis to
capture the existing and emerging aspects of LSMDI. Section two evaluates a few key
Industry data elements including employment, suppliers, venture capital, patents, and
educational attainment in the nation and the selected case study regions. This section
also discusses the economic scope and SRRI’s definition of the Industry. The third
section highlights two key economic concepts related to LSMDI—the product life cycle
and clustering effects—as well as the drivers and characteristics of some important
emerging unique approaches. The final section of the report discusses the overall
conclusions reached about LSMDI from the analysis of economic models, literature, case
studies, and Industry data. A listing of key regional attributes for LSMDI is also
provided in the concluding section. In addition, to the four main sections, Appendix A
provides an assessment of academic and non-academic literature that has been produced
regarding a wide array of elements and issues in LSMDI.
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Case Studies
Evaluations of existing LSMDI literature illustrates that the Industry’s activities have
been confined to a few core regions (discussed in detail in the Literature Review
appendix of this report). As the Industry has grown and restructured, other regions have
captured Life Sciences and Medical Devices firms and a large number are developing
economic development strategies to acquire additional industry business and investment.
With the increasing scope of LSMDI both in terms of activities and geography, the
Industry’s shifting characteristics are not comprehensively reflected in literature or data.
To provide a basis for capturing the elements of the Industry in its current form and a
base for the rest of the study (including a working definition of the Industry), SRRI
attained the viewpoints of Industry experts.
In order to employ an expert judgment approach to the study of LSMDI, SRRI adopted a
case study methodology which examines a few areas in-depth, rather providing a broad
assessment of industry activities in regions throughout the nation. This methodology
involved interviews and surveys and was used to obtain information related to the
definition, composition, scope, and trends of the new technologies. The strength of this
approach is that it allowed SRRI to capture emergent phenomena and viewpoints which
are not reflected in more quantitative approaches and existing literature. By studying a
select number of regions, SRRI was also able to evaluate characteristics and trends within
these areas that transcend regions and states and those which are region-specific.
Literature on the Industry demonstrates that a large number of states and specific
metropolitan areas have some degree of industry involvement ranging from a relatively
small amount of activity to some of the largest Industry clusters in the world. Based on
this extensive list of locations and related activities, SRRI selected five case study regions
for additional research and expert judgment analysis derived primarily from interviews
with experts.
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Case Study Selection
The five case studies were selected in order to provide a fairly representative view of
LSMDI. In the selection process, SRRI examined factors such as length of existence,
size and growth characteristics, product life cycle activities, presence of research
universities, industry specialization, and geographic location. The selected regions and
some general characteristics are listed in Figure 1.
FIGURE 1
CASE STUDY REGIONS
Case Study Region
San Francisco Area

Location

Population

LSMDI

LSMDI

2000

Firms 2002

Employment 2002

Northern California Coast

7,039,362

2,096

Boston Area

East Coast/New England/Massachusetts

6,130,071

1,546

87,682
72,463

Seattle Area

Northwest Washington Coast

3,554,760

867

19,485

Piedmont Triad

Central/Northern North Carolina

1,251,509

126

2,677

New Hampshire

East Coast/New England

1,235,786

313

8,483

Sacramento Regional Research Institute, March 2004
Data Source: U.S. Census Bureau, 2000 Census and Bureau of Labor Statistics
Note: LSMDI based on SRRI definition.

There are several large Life Science and Medical Device regions in the nation that are
considered by most experts in the Industry as being at the top of the list worldwide in
terms of size and influence. These top clusters include regions such as the San Francisco,
San Diego, Boston, New York, and the Research Triangle (in North Carolina). Using
only the top five regions as the primary case studies would have produced information
specific to large core regions in the Industry, but this would have left little room for
comparisons with small and emerging regions that do not necessarily compete or
compare with core regions since they have key advantages that other regions cannot yet
offer. For this reason, the selection process assessed both emerging and established
regions and resulted in the inclusion of both types in the case study analysis. The Boston
and San Francisco regions were chosen because they are typically viewed as world
leaders in LSMDI, allowing for the assessment of key industry attributes. Additionally,
these regions are also some of the most mature, permitting an evaluation of more
apparent industry shifts as well as the influence of the regions on their respective states
and surrounding areas. New Hampshire and the Piedmont Triad are seen as two
important emerging regions that are developing in the shadows of well-established
regions (Boston and the Research Triangle, respectively). The selection of these two
regions provides the opportunity to evaluate the effects of the proximity and connections
to larger core regions along with the unique characteristics present in successful emerging
regions. Both regions heavily promote their area individually to attract Life Sciences and
Medical Devices businesses and investment despite the fact that the core regions often
tout them as part of their sphere of influence. Seattle was selected to provide insight into
a relatively large western region that is viewed as having a developed LSMDI and is
outside of the state of California. Overall, the case study selection created a sample of
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locations that represent mature industry leaders and successful emerging regions
throughout the nation.

Interview Methodology
Several different interview types were developed and utilized by SRRI to gather
information from the five selected case study regions. SRRI attempted to contact a
variety of key players in LSMDI within each region including firms, universities, medical
schools, capital funding organizations, industry and professional organizations,
government agencies, and economic development organizations. This wide range was
selected due to the direct involvement in and knowledge of the Industry, and to gain
perspectives from both the public and private sectors.
SRRI conducted interviews with private companies with the goal of gaining an
understanding of the Industry attributes in each region including the types of firms, their
origin, connections they may have with other regions, ties to universities, regional
locational advantages, and the strength and weaknesses of the Industry within the region.
Interviews with the remaining groups focused on obtaining much of the same information
that private firms provided, but also aimed to direct questions and gain information from
experts who had a broader sense of the Industry as a whole and who saw a “bigger
picture” than what firms within a region might see. Interview objectives included
deriving information about regional industry restructuring or shifts (like the types of
firms in region and growth patterns) since the foundation of the Industry in the region.
Another objective focused on gaining expert opinions on what attributes seemed most
important for the success of a region and the potential of any new regions to develop.
Each individual group was also asked specific questions regarding their specialty areas.
In order to create a list of contacts in each of the five selected regions, SRRI used a
variety of sources including business databases, industry and professional organizations,
Internet searches, and economic development organizations. In addition, SRRI employed
a snowball sample method which aimed at acquiring referrals from the initial subjects to
generate a list of additional experts in LSMDI within the respective regions.
In the many attempts to contact and acquire information from the final list of hundreds of
companies and industry experts, SRRI began to identify a pattern (especially with the
private firms) of general unwillingness to discuss any aspect of LSMDI. Those experts
that SRRI was able to interview seemed to give the impression that, in general, the
Industry was skeptical of public inquiry. This appeared to be the case not only because
of the need for protection of the new ideas generated in the Industry and regional
competition factors, but also because of the love-hate relationship many firms have had
with the public in general. SRRI also conducted an additional round of literature review,
focusing on academic and non-academic literature directly related to the case study areas,
and pulled information specific to the selected regions from reports evaluated in the
overall literature review work. In all instances, SRRI supplemented the completed
interviews with these secondary sources in order to gain a more complete understanding
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of each case study region. In addition, some of the data analysis conducted for this study
is cited in the case study discussions, and additional information along with the sources
of the data are covered in the Industry Data section of this report.

Case Study Summary Findings
Despite the wide range of survey respondents contacted and regions studied, SRRI found
many consensus views on a range of key issues. Each region also was anchored by at
least one prominent academic institution which was not only a contributor of new ideas,
but also a key component of a regions sustained Industry business growth (whether it is
due to technology transfers or faculty’s involvement in private ventures).
Funding issues were in the forefront of thought for many involved in the Industry from
both an academic and business standpoint. The availability of venture capital funding in
particular is seen by many, in all of the case study regions, as a key financial component
to the current and future success of the Industry. This concern was voiced with
indifference to the size or maturity of the particular region in question.
With the Industry is maturing and providing an increased number of market ready
products, the manufacturing component of the product life cycle is gaining a larger share
of industry attention. This attention will only increase in the future as the number final
market products become available after years of research and development.
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San Francisco Case Study
Introduction
The San Francisco (and larger Bay Area) Life Science and Medical Device region or
cluster is generally accepted by many in the Industry to cover an extensive area that, for
this study, includes the California counties of Alameda, Contra Costa, Marin, San
Francisco, San Mateo, Santa Clara, Santa Cruz, Napa, Solano, and Sonoma. The San
Francisco area is viewed as one of the world’s top Life Science and Medical Device
regions, and has been viewed in that manner by many within the Industry for over 20
years. This is not meant to imply that the San Francisco area is issue-free. One important
industry study concludes that “as the Life Sciences mature… companies will face a host
of capital–related challenges related to manufacturing and productivity, increased
competition, and closer scrutiny by regulators. At the same time, as the Industry expands
into new technologies, the same companies will need fresh capital to fund early-stage
development” (Taking Action for Tomorrow xv).
The San Francisco area has several hundred Life Science and Medical Device-related
private companies. Some of the largest in the region (by number employed) include
Genentech, Alza, and Varian Medical Systems. The types of firms that are in the region
span the entire spectrum of LSMDI from the common pharmaceutical and medical device
companies found in most Industry regions to companies involved with research,
development, or manufacturing for products such as medical lasers, bio-agricultural
chemicals, immunotherapies, and DNA genotyping.
One key to the success of the San Francisco area has been the creation of new ideas and
technologies stemming from the research universities, medical schools, and research
centers in the region. Some of these institutions include Stanford University and the
Stanford University School of Medicine; the University of California, Berkeley (UC
Berkeley); and the University of California, San Francisco (UCSF) and the UCSF School
of Medicine. All of these institutions receive large grants from the NIH which helps to
facilitate the growth of research in the region. Many of these research universities also
promote the growth of new ideas after discovery through offices of technology transfer,
licensing, or commercialization. Schools that become involved in promoting new ideas
into businesses have helped create growth in the region through start-up firms and
licensing of ideas and technologies to companies. Between 1990 and 2001 patent growth
in the San Francisco area has risen by nearly 14 percent led by UCSF, which is one of the
nation’s leading patent producers.
As a byproduct of being a region rich in intellectual capital, the population in the region
is well-educated. Over 37 percent have an educational attainment level of a Bachelor’s
Degree or higher. This is important for a region involved in an industry such as Life
Sciences and Medical Devices which generally has workforce education requirements at
all levels above those of many other industries.
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Past success of LSMDI can also be largely attributed to the high amount of venture
capital investment in the region over time. With over $818 million of “biotechnology”
venture capital investment in 2003, the San Francisco area took in over 24 percent of the
national total investment with a growth rate of over 115 percent since 1998. Venture
capital investment in “medical devices” was nearly $617 million in 2003, which was over
40 percent of the national total. This sector had an investment growth rate of just below
43 percent in the San Francisco region.
Other challenges for the region in the future will not just be in continued funding for
research and start-up firms. The manufacturing aspect of the Industry has become a
much larger issue for many firms’ products that are ready to go to market, and “while
biotechnology companies strongly prefer to have their manufacturing operations as close
as possible to their [research and development] and other critical support functions, cost
considerations will be a major factor in determining the future location of production
facilities” (Monroe, Craft, and Hutton 22). As firms reach the stages of production,
distribution, and marketing, the higher costs of operating anywhere in the San Francisco
area as compared to other regions or countries will be a greater disadvantage. Other
possible barriers to future growth of companies in the region include the increasingly
high cost of living and doing business in the San Francisco area.
Expert Viewpoints
SRRI was able interview several companies, industry experts, as well as research
universities and medical school professors from the San Francisco region. In addition,
SRRI interviewed a major venture capital firm that was able to provide insight into the
San Francisco area as well as Life Sciences and Medical Devices venture capital funding
in general. The efforts to contact representatives from the San Francisco area resulted in
one of the higher response rates out of the five case study regions.
Industry Activities and Definition
By more than a slight majority, interviewed respondents felt the San Francisco area was
unique in the world of Life Science and Medical Device regions in that the area is
thought to be rich in every type of industry firm and activity. It is felt that as the premier
Life Sciences and Medical Devices region, it incorporates every conceivable industry
activity (in some form) within its boundaries. Firms that SRRI interviewed were
involved in activities such as drug development, drug manufacturing, reproductive health,
DNA chips, instrumentation, and micro arrays.
Many companies in the San Francisco region feel that some key positive characteristics
for any industry company locating there is the proximity of research universities, the
density of industry firms (which breeds collaboration), and the availability of skilled
labor. The most cited negative characteristic was the high cost of living in the larger Bay
Area which affects both the firm and its employees.
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The driver of the level and breadth of activities in the San Francisco area is believed to be
linked to a combination of demands for health care products and the mass of research
universities in the region, which creates an atmosphere of creativity.
The region is seen as a center of current and future opportunity for anyone with
innovative ideas in LSMDI. It is felt that the biggest challenge now and looking forward
will continue to be the availability of venture capital funds. Also high on the list of future
challenges is the availability of qualified workers in the region. This challenge is seen as
relevant by both the academic and business worlds.
Respondents that had an opinion one way or the other all felt that the San Francisco
cluster was separate from any region that may exist in the state. Responses from the
Stanford University School of Medicine tended to have the opinion that the proximity of
UC Davis and the Sacramento Region to the Bay Area would increasingly create more
connections. Additionally, a professor at CSU Hayward knew of several colleagues who
would argue that the San Francisco cluster already includes most of the surrounding areas
such as Vacaville and Sacramento.
Industry Growth and Restructuring
Historical Life Science and Medical Device industry growth in the San Francisco area is
seen as mirroring that of other high-technology-related industries, with a large boom
during the 1990s followed by recent slow downs because of the overall national
economic environment (most see the slowdown as a temporary condition). Current and
projected growth is seen to be between moderate and strong. One interviewed company
believed growth in their particular industry segment was stagnant due to high costs of
manufacturing in the area.
Drivers of the growth in the San Francisco region are viewed as the continued research
and development of new ideas. Possible deterrents to future growth are believed to be the
lack of funding, the rising costs of living within the region, workforce development, and
government restrictions on such activities as stem cell research.
Regions and Clusters in the Industry
Important aspects of successful Life Science and Medical Device regions or clusters were
universally viewed to be based upon a few key factors. Most important, according to the
interviewees, is having a research university in close proximity to companies in the
region. Research universities are seen as providing both the intellectual base for much of
what goes on inside a cluster and are also seen as the first step in creating the new ideas
that will one day become start-up firms that continuously push industry growth as they
mature. The availability of continued venture capital funds and a skilled workforce are
viewed as nearly as important.
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There is a general belief that new Life Science and Medical Device clusters can emerge,
but they must have the above key attributes if they are going to have any chance of
success, otherwise they may become subdivisions of established regions. A professor at
Stanford University believes that it helps if a region has a background in some
technology-related field. For instance, the Boston region has been involved in electronics
and computers for decades, Seattle has had two decades of strong computer industry
influence, and the San Francisco area is home to the Silicon Valley. Everyone believed
that any new region must have a cluster of companies within a relatively small
geographic space which allows for a base of skilled workers, management, and the
sharing of ideas to exist.
Industry Connections and Manufacturing Aspects
Connections between the San Francisco area and other industry clusters seem to be a
common occurrence according to the interviewees. Academics felt that connections
within the region are more prevalent, but concede that connections to other industry
regions do occur, and that demand will increase for these connections. A majority of San
Francisco area company respondents either had some business or academic connections
outside of the region. Company connections to universities, medical schools, and
research parks outside the greater Bay Area exist mostly for research and development
collaboration. Business connections outside of the region seem to occur because of
mergers, research and development, computer software use, and access to key product
supplies.
Demand for connections between regions now and in the future will also depend more on
the manufacturing side of LSMDI. Academics felt that as companies mature and have
the need to finally bring a finished product to market, they will need facilities that can
manufacture their product. Looking forward, the general view is that the demand for
manufacturing will become greater. The location of manufacturing facilities and
outsourcing may not be within the San Francisco cluster as there is a belief that costs will
be the major decisional factor when firms make locational decisions for final product
production. Location or proximity of the manufacturing facility to the parent company
will be less of an issue than the research and development phases of a product.
University professors provided examples of firms that moved production to the Vacaville
and Sacramento areas to lower the overall cost burdens of production, land, labor, and
rental costs. It is believed that in the future, cost and facility factors in production
decisions will increasingly face these issues.
Locational Advantages and Industry Attributes
Most of the interviewed companies began their businesses or started-up in the San
Francisco area. The most commonly provided reason for a company starting or moving
to the region was that the founders either lived or worked in the region. Many firms felt
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that the availability of skilled labor was another key factor. Other reasons given included
access to venture capital and proximity to research and development centers.
University professors believe that many companies start within the region because their
founders are tied to the university or academic community and the ideas that they
produce out of the schools are naturally turned into businesses. These start-up companies
generally start small and stay in the region because the company founders live, work, and
do their research within the cluster. Research universities in the region are well known
for promoting the transformation of new ideas into business ventures.
Companies listed other positive advantages of being located in the San Francisco cluster.
In addition to the common reasons given earlier such as cluster mass, availability of
venture capital, and having strong research universities, some firms felt that there were
many companies in the region with similar innovative foci, making it easier to draw
knowledgeable employees. One firm felt that because there was such a density of firms,
the area was a magnet for drawing people in and creating a strong labor pool for LSMDI.
Another firm liked the central location along the west coast of the United States as it
relied on transportation connections to Canada and Mexico.
Firms and academic faculty also believed there were some locational disadvantages of
having a business within the San Francisco cluster. The most cited disadvantage for the
area is the relatively high cost of living compared to most other regions in the nation.
One company felt that the high real estate prices created an environment where many
firms that wanted to expand operations would have to look outside the cluster.
Companies who wish to start-up or move to the San Francisco area face high rental costs,
despite having high vacancy rates for the proper facilities in the region. A firm also said
that the Industry faced many radical advocacy groups, like animal rights groups, who
criticized their business operations and research.
Unique University and Medical School Viewpoints
According to respondents in SRRI’s interviews, universities and medical schools in the
San Francisco area play a key role in the economic and labor supply growth of LSMDI as
well as in the demand for many of the products the Industry produces. Many of the
colleges in the area offer biotech degrees and specialized programs related to the Industry
in the chemistry and biology disciplines. Depending on the school, students may come
primarily from local areas or from all parts of the globe.
Both current and projected demand for programs related to Life Sciences and Medical
Devices is high in many schools. Some of the faculty in these programs have received
individual research grants from the government and the schools collaborate with many
businesses not only on research and joint ventures, but also to get private feedback on the
training that businesses like to see in graduates.
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Stanford Medical School purchases Life Sciences and Medical Devices products which
are used in daily in medical schools and hospitals daily all over the world. Demand for
these products at Stanford is substantial as most of the materials used at the medical
school are at least somewhat related to the Industry. All life science and medical device
related materials are purchased outside of the hospital with indifference to where they
come from.
Key Findings and Conclusions
In a broad sense, many of the San Francisco area business leaders and experts in the
Industry were consistent regarding many of the key questions asked by SRRI. For this
region, the topic receiving the most diverse answers is the type and frequency of
connections between industry regions. All agree that it occurs, but that it is hard to gauge
the level.
Some key consensus findings for the other topics covered by both private companies and
university faculty related to the LSMDI in the San Francisco region include:
•
•
•
•
•
•
•
•
•
•

Industry activities in the San Francisco cluster are extremely diverse and cover a
broad scope of research, development, and manufacturing.
Companies believe the density of research universities, related firms, and skilled
laborers are the strongest keys to their success.
The continued availability of venture capital funding is seen as an issue for
current and future growth of the Industry.
Most consider the San Francisco cluster as a separate entity from other regions in
the state.
Research and development, which creates new ideas and produces start-up
companies, is widely considered as one key to the past, current, and future growth
potential of the region.
The biggest deterrent to growth in the region will be the continued and rising
costs of living as well as business costs for labor and rent.
To succeed, new clusters must have three of the key elements the provided the
first step for success in the San Francisco area—a local research university,
availability of venture capital funding, and a skilled workforce.
Start-up companies are a driver of growth and generally have roots in the local
research centers. The ideas and founders of these companies are usually local in
nature with strong academic ties.
Product manufacturing, unlike the research and development aspects of the
Industry, will rely more on the general business decisions of other industries,
namely cost factors.
Demand for Life Sciences and Medical Devices industry-related degree and
doctorate programs in local universities is high and will be for the foreseeable
future.
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•
•

Universities work with local private companies on research collaborations, job
training, and in promoting the transfer of new ideas stemming from the schools
into business ventures.
Demand in medical schools and teaching hospitals for many day to day products
related to the Industry is substantial. They are purchased from all over the world.
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Boston Case Study
Introduction
Boston is one of the world’s leading and largest Life Sciences and Medical Devices
industry regions. The San Francisco area is the only region of similar comparison. The
Boston cluster includes the Massachusetts counties of Bristol, Essex, Hampden,
Middlesex, Norfolk, Plymouth, Suffolk, and Worcester as well as Windham County in
Connecticut and Rockingham County in New Hampshire. This region has one of the
world’s largest concentrations of Life Science and Medical Devices companies in the
world.
There are some distinct attributes that have contributed to the success of the Industry
within the Boston region. The region is home to some of the most prestigious
educational and research institutions in the nation as well as some of the historical and
current forerunners in LSMDI. The history of research and innovation in the Boston area
is quite extensive beginning with the inoculation of smallpox in 1721. Other highlights
include the first use of anesthetic in 1846, followed by the development of the first infant
formula in 1919, the first successful human kidney transplant in 1954, the synthesis of
natural Penicillin in 1957, and the first use of the closed-circuit television for surgical
procedures in 1968. In the 1990s, many researchers in the region were heavily involved
in the Human Genome Project. The region is also host to numerous pharmaceutical and
bioscience companies. Many of these companies were started by local researchers, but
the thriving Life Sciences and Medical Devices cluster has also attracted relocating
companies. The Industry receives extensive support from industry associations and
organizations as well as support from the Commonwealth of Massachusetts.
The local universities play an important role in giving the Boston region a competitive
advantage in LSMDI. Some of the major academic and research centers in this region
include Massachusetts Institute of Technology (MIT), Harvard University, University of
Massachusetts, Boston, Northeastern University, and Boston University. Additionally,
some of the major medical centers include Massachusetts General Hospital, Boston
Medical Center, Beth-Israel Deaconess Medical Center, and the New England Medical
Center. Between 1990 and 2001 patent growth, created by many of these Boston area
institutions, rose by over six percent. In particular, because of their active involvement in
patenting and promoting new ideas and innovations, institutions like Massachusetts
General Hospital, Harvard, and MIT are the three largest patent holders in the region.
Some of the first Life Sciences and Medical Devices firms in the nation, Biogen and
Genzyme, were founded in the Boston region. Both of these firms were started by
researchers from local universities. Aiding in these innovations, the universities receive
large amounts of research funding—Massachusetts has the highest per capita federally
funded research and development expenditures of all the leading Life Sciences and
Medical Devices regions. Between 1971 and 2002, 11 Nobel Prize winners in
physiology and medicine were associated with academic and research institutions in the
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Boston region. These prizes were given for important discoveries and innovations in the
areas of physiology and medicine.
Many other leading LSMDI companies are located in the Boston Area as well. In 2002,
the Massachusetts Biotechnology Council (MBC) claimed that 314 biotechnology
companies existed in Massachusetts—a majority of which are located in the Boston
region. The major biotechnology firms in the Boston region include Biogen, Genzyme,
Genetics Institute, IT Corporation, Charles River Laboratories, and ThermoRetee
Corporation. The companies’ activities range from research and innovation to
manufacturing. Further, approximately 4,900 life scientists are located in the Boston
region; many of whom are employed by local companies, educational institutions, and
hospitals.
The concentration of human capital in the Boston region is a driving force of the success
of the Industry. The Boston region boasts high levels of educational attainment with
approximately 40 percent of the population holding a Bachelor’s or higher level degree.
This is a slightly higher percentage than in the San Francisco area. On a per capita basis,
Massachusetts produces more Science and Engineering doctorates than any other state.
The research and innovation in LSMDI could not exist without the support of venture
capitalists. In 2003, the Boston region received approximately $802 million in
“biotechnology” venture capital, which was almost 24 percent of the total
“biotechnology” venture capital in the United States. The Boston region also received
over $233 million in “medical devices” venture capital, which was over 15 percent of the
nation’s total “medical devices” venture capital funding. This sector had an investment
growth rate of over 90 percent between 1998 and 2003.
LSMDI is strongly supported by various organizations and the state government. MBC is
an organization devoted to supporting and developing the Industry in Massachusetts by
representing companies and academic institutions and working with policymakers to
promote the success of the Industry. The Massachusetts Technology Development
Corporation (MTDC) is a venture capital firm that assists new technology companies and
acts as a source for new companies to acquire the essential capital to become established
and successful. Next to the San Francisco area, the Boston region receives the most
industry-related venture capital in the nation.
The government of the Commonwealth of Massachusetts also plays a very important role
in the success of the Industry in the Boston region. The government provides incentives
for the Life Sciences and Medical Devices companies to locate in the Region. The Single
Sales Factor is an important cost incentive for companies. Companies only have to pay
state taxes on the percentage of sales occurring in the state (the companies’ property and
payroll in the state are exempt from taxes). When compared to other leading Life
Sciences and Medical Devices clusters, the state has low business costs. The region also
has the advantage of fairly low workers’ compensation rates and unemployment
insurance.
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Although there is a wide range of success stories for the Boston cluster, it is not immune
to general economic trends. Boston has noticed the increasing competition coming from
other regions in the nation. The region has seen that “competition for biotech jobs is
getting tougher as rival states such as California and North Carolina, often with strong
state-government support, organize to attract companies and jobs” and that “… nonindustry players such as state government, local academic institutions, venture capital
networks, and the like are as important to the success of the industrial network as the
companies themselves” (Massachusetts Biotechnology Council 11 & 24).
Another challenge, in the near future, will be from the current firm make-up in the region.
Many Boston area companies have now been around long enough that they are reaching
higher levels of maturity, shifting their focus from product research and development to
commercialization and production. It has become evident that “unlike the case of
research, Massachusetts has not been a major center for downstream functions such as
development and manufacturing. Only about 10 percent of the state’s biotech companies
are currently involved in manufacturing. Of those, more than half do their manufacturing
outside the state” (Massachusetts Biotechnology Council 31). The fear is that, in the
future, as a greater number of firms reach product development stages, many more will
be looking elsewhere to manufacture their products.
Expert Viewpoints
Interviews in the Boston area were conducted with a limited number of economic
development and company representatives. For this region, SRRI relied more heavily on
secondary research studies and reports to obtain cluster information.
Industry Activities and Definition
The interviewed companies were involved in many different segments of the Life Science
and Medical Devices industry including drug delivery, medical devices,
biopharmaceuticals, and agriculture and aquatic animal growth. The respondents were in
direct competition with some of the region’s larger and more established firms such as
Genzyme, Fidia, Q Med, and Smith & Nephew.
Industry Growth and Restructuring
Responding companies in the Boston cluster expressed that LSMDI was growing quite
significantly. They attributed the growth to a strong demand for healthcare, good
technical talent coming from the local universities, and new start-up companies
developing from the local universities. The continuous flow of new start-up companies
helps to keep the Industry moving forward. LSMDI in the Boston cluster is seeing a
quicker recovery from the recent national economic downturn than other industries.
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Companies felt the key factors for maintaining the growth of the Industry include the
continual flow of new research, continued and increased access to venture capital, greater
public and government support, availability of a quality workforce, and the continued
flow of new start-up companies.
Regions and Clusters in the Industry
Of the companies who responded, their founders lived and worked in the Boston area and
all of the firms stated that having an established university system and available
intellectual capital in the region was essential. From these views, it can be inferred that
these attributes are those most important to companies in the Boston area. Ties
developed by the region’s university system not only promote new businesses, but also
helps in retaining them.
Industry Connections and Manufacturing Aspects
In general, LSMDI demonstrates a co-dependent element. The majority of the
interviewed companies had product and service connections to other firms and
organizations. The various connections mentioned by the respondents were local,
national, and international in nature involving cooperation in research and development
and marketing. The companies also had ties to universities, hospitals, medical schools,
and research parks in other locations.
Locational Advantages and Industry Attributes
The respondents were asked to discuss the positive characteristics of the Boston region
that have contributed to the success of LSMDI. It was repeatedly mentioned that the
universities and hospitals were of vital importance to the Industry. In addition, easy
access to human capital and their talents in the Boston region seem important for the
success and growth of the Industry. The concentration of biotechnology firms is another
contributor to the success of LSMDI. Respondents also mentioned that the high quality
of life in the Boston region is a positive characteristic.
Key Findings and Conclusions
In the relatively new and emerging Life Sciences and Medical Devices Industry, the
Boston region is an industry-leading core cluster. The region has a long history of strong
academic and medical institutions. These institutions are major drivers of new discovery
and innovation in the Industry—many of the Life Sciences and Medical Devices
companies were started by researchers from the academic institutions. The support from
industry organizations and the state government have been and continue to be very
important factors contributing to the success of the Industry in the Boston region. Like
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other successful regions, the Boston cluster has also benefited from extensive venture
capital investment in LSMDI. The combination of all of these factors has allowed the
Boston region to be one of the most successful biotechnology clusters in the world.
A few key consensus findings in the topics covered in interviews with companies in the
Boston cluster include:
•
•
•
•

•

The Boston cluster, like the San Francisco area, has a wide variety of Life Science
and Medical Devices activities, but the region is strongly focused in the area of
research and development rather than production.
The Boston area has seen strong industry growth which has been fueled in part by
local universities and new start-up or spin-off companies.
Companies in the region see future growth depending on the continued
availability of new research ideas and venture capital funding as well as continued
community support for the Industry.
Boston area companies have many ties to each other and to other regions for
activities such as research and development and marketing. Connections have
also been made to universities, medical schools, and research parks both in and
out of the region.
Boston’s high level of university and medical school activity are a large part of
the success of their Industry.
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Seattle Case Study
Introduction
Another one of the nation’s largest LSMDI regions is located in Seattle. This region
covers the Washington counties of Island, King, Kitsap, Pierce, Snohomish, and
Thurston. Since the early 1980s, LSMDI in Seattle has been growing at a relatively
strong pace and today employs over 24,000 people. Nearly half of the Industry-related
companies in the state of Washington are in the Seattle area. Leading Life Sciences and
Medical Devices firms in the region include Amgen, ZymoGenetics, and Cell
Therapeutics ranging from 250 to 750 employees.
Seattle has a highly-educated workforce with 32 percent of the population having a
Bachelor’s degree or higher educational attainment level. The University of Washington
in Seattle has life sciences degrees that are designed to prepare students for an industry or
academic career in the field. The university ranks in the top 20 nationwide institutions
offering life science doctorates. It has a wide variety of life science programs including
departments in Bioengineering, Biomedical and Health Informatics, Biomolecular
Structure and Design, Genome Sciences, Molecular and Cellular Biology, among others.
A major portion of LSMDI research in Seattle is conducted at the University of
Washington and Fred Hutchinson Cancer Research Center. These institutions receive a
substantial portion of NIH funding for research and are vital contributors to the Seattle
cluster. In fiscal year 2002, University of Washington received a total of 828 research
grants equaling $364,789,351. This ranks the institution third in total dollars of research
grant funding in comparison to all national institutions.
The Seattle area’s success in LSMDI funding has not been based solely on government
grants. Though not at levels seen in San Francisco or Boston, venture capital investment
in the region over time has been a significant factor in LSMDI. With nearly $89 million
in “biotechnology” venture capital investment in 2003, the Seattle Area received over 2.5
percent of the national total with a growth rate of nearly 63 percent since 1998. Venture
capital investment in “medical devices” was over $23 million in 2003 which was 1.5
percent of the national total. “Medical devices” investment in the Seattle region saw a
decline of nearly 35 percent between 1998 and 2003.
Research conducted at University of Washington, Fred Hutchinson Cancer Research
Center, as well as the Institute for Systems Biology and regional companies has led to the
creation of patents. These research facilities increase entrepreneurial activity by
promoting new ideas into business ventures creating growth in the region through start-up
firms and licensing of ideas and technologies to companies. Between 1990 and 2001
patent growth in the Seattle area has risen by nearly eight percent.
There are various ways in which the local government supports the Industry in the region.
Among this support is exemption of sales tax on LSMDI facilities as well as tax credit on
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revenues of these firms. There are also several associations that support growth and
assist in development of the Industry. Local government is also working on supporting
this industry further by establishing an initiative called Bio21. This initiative will include
over $250 million over the next five years in state funding to help spur further growth of
LSMDI in Washington.
Expert Viewpoints
For the Seattle area, SRRI spoke with Industry experts representing academic, economic
development, and business interests. In addition this area included responses from
groups with limited participation in other case study areas—industry associations.
Industry Activities and Definition
The majority of respondents, from the viewpoint of business, development, and
academia, felt that the Seattle area was primarily involved in product research and
development overall, and was not heavily invested in the manufacturing arm of the
Industry. Much of the manufacturing activity by firms within the region is subcontracted
out to facilities or firms which have established production capabilities elsewhere, some
in the Spokane region and some out of the state. University representatives felt that firms
in the region were mostly research and development based in pharmaceuticals, protein
therapeutics, modifications to immune systems, as well as being involved in a broad
range of other medical and therapeutic applications. Some of the individual respondent
companies had products or services in areas such as alternative pest control products,
research and design of industry-related instrumentation, instrumentation for cell mapping
used for pharmaceutical research and development applications, and contract research
and consulting.
According to many respondents, the Seattle region is not much different from many other
established clusters with the local university and college system, research institutes,
enhanced with venture capital funding pushing the focus of the region towards the
aforementioned range of business activities. The high-technology computer industry in
the region, which includes major firms such as Microsoft, was also noted as a reason for
the ability of the region to start and sustain a Life Sciences and Medical Devices cluster.
The breadth of activities looking forward in the region will be similar to what is there
presently.
Experts see tremendous opportunities for LSMDI looking forward, with the State of
Washington becoming more involved in the planning and promotion of the Industry only
adding to the opportunities. A respondent at Seattle Central Community College saw the
large amount of local private investment into the Industry as a source of potential growth.
An example was given where Paul Allen, of Microsoft fame, is largely funding the
building of a Life Sciences and Medical Devices campus just north of the downtown
business district in Seattle. Additionally, some university professors felt that the
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agricultural segment of the Industry activity was underrepresented and had great potential
in the region.
Respondents also provided information regarding some areas of challenge for the
continued success of LSMDI in the Seattle region. An industry expert from the
Washington Biotechnology and Biomedical Association, a group that promotes LSMDI,
felt that financing from venture capitalists in the Industry and for education remain key
challenges. The region is seen as having too few venture capital interests, and the
education aspect is always a big issue for state budget talks. This state funding view was
also reiterated by others who stated that the state gave little or no funding to LSMDI.
Some respondents felt that the Seattle region “fell into” industry success because of its
technological history and university system, and that it would have to do better now and
in the future in the aspect of planning which includes bringing government, education,
and communities together on many issues such as promoting industry business as well as
attracting new firms and retaining existing firms.
Industry Growth and Restructuring
The Seattle region has seen tremendous historical growth according to respondents who
were knowledgeable on such facts. In one response, a university professor felt that over
65,000 employees in Washington had ties to the Industry and that employment was
growing at 10 percent per year. Up until two years ago, Seattle Central Community
College had 100 percent job placement for qualified students into entry level positions
with Life Sciences and Medical Devices firms as research associates and laboratory
assistants. With the downturn in the economy, this placement has recently fallen to about
33 percent. These experts give most of the credit for the Industry’s regional success and
growth to a university and research system with a high rate of spin-offs. These have,
over time, created a critical mass of companies that fuel new ideas and research ventures.
Respondents at companies in the Seattle cluster felt that the regional growth was
somewhere between moderate to rapid, depending on the specific industry segment. For
those companies who felt the region had rapid growth, there was a feeling that there was
a large amount of available venture capital entering the Industry as well as strong
government support. For those who felt LSMDI was seeing only moderate growth, there
seemed to be a feeling that venture capital funding, especially for smaller companies, was
in short supply. They also felt that because of the recent economic downturn nationwide,
larger firms were spending less, and being more selective, on research and development
spending.
Growth outlooks looking forward are seen as positive and strengthening. These will be
driven by many of the same characteristics that are pushing the Industry now such as
venture capital funding and the creation of spin-off and start-up companies. One
respondent felt that the Industry has been touted as the savior of the economy by local
papers and media, and that while employment growth was projected as strong, it probably
would not reach the pace people were hoping for.
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Companies felt that challenges for growth over the next five to 10 years would come
mostly in the form of funding, both in the accessibility of venture capital and in gaining
more local and state financial support such as tax breaks, university funding, lowering
expenses, and creating research and development tax credits.
The structure of LSMDI within the Seattle region has been seen to be trending along the
same path until recently. Current trends, which are felt to be debatable, are slightly more
towards manufacturing and a great deal more towards product development. More
company acquisitions and spin-offs are creating greater potential in new areas and fields.
Regions and Clusters in the Industry
SRRI received a great deal of feedback on the types of LSMDI characteristics that a
region like Seattle has that allow it to flourish. The attribute most mentioned was the
availability of venture capital funding groups in the region. These venture capital groups
also need to have knowledge of the risks and potential of the Industry. Another key is
having a mass of companies in a relatively small geographic space (a cluster). This
allows the region to gain momentum as more and more companies form, creating a
positive attraction of qualified people, workforce, and new ideas towards the region. This
mass also creates a strong labor pool of management, who are seen as key employment
positions in an industry with a large number of small firms. Having a trained workforce
pool for many other positions is seen as becoming more important as well. The important
aspects of each region will be unique. For instance one professor felt that the Seattle
region wanted a blend of Life Sciences and Medical Devices and Information
Technology, which was an integration of computer science into the Industry.
In terms of the potential for new or emerging regions to develop outside of those that
have already established themselves, respondents in general believed that there could be
some new self-sustaining regions if a certain combination of attributes were to exist. If
an area could create and offer the business atmosphere and provide the resources needed
to LSMDI, then companies and employees will follow. In any industry, if a region is
seen as attractive, then businesses will move there. According to one professor the desire
of a region is not necessarily enough for Industry success. If the area is to have potential,
it must contain the recipe for success, which includes a trained workforce, venture capital
funding, a critical mass of companies, and good research universities. It was felt that new
Industry regions may differ slightly from established areas as they will most likely have
less venture capital funding availability or the critical mass of the larger regions.
However, these new regions can certainly learn from the mistakes of already established
regions.
As was touched on before, all respondents to questions concerning the importance of
clusters were adamant in their belief that the cluster characteristic is key to the success of
any LSMDI region. Clusters, it seems, naturally occur because companies do not wish to
stray too far away from the research universities, and the new ideas associated with it, in
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a region. The cluster promotes the exchanging of ideas. An example was given where
meetings between CEOs, scientists, and company managers allow ideas to flow between
them and flourish. Clusters also create a large and trained workforce to be available in a
small geographic area. In the past, when an industry region was first forming, the idea of
a cluster was less important because there were just not enough firms initially to consider
an area a cluster. During this period the most important characteristic for success would
have been funding.
Industry Connections and Manufacturing Aspects
There were mixed responses from both academic and economic development experts
regarding connections between firms or schools of one region to those of another.
Academics, as a whole, believed that while some interaction between regions exists, they
were almost exclusively to be found inside a particular cluster. These connections are
thought to develop by personnel and business networking as a company matures. This
maturing draws attention from other regions. In contrast to what academics felt, the
companies that SRRI received interview responses from seemed to display a broad range
of connections both in and out of the Seattle region. Three-quarters of these companies
had key support, supply, research, and/or manufacturing connections to other firms. Of
these, two-thirds had connections to regions outside of Seattle to other nearby states and
worldwide. All of the company respondents stated that their firm had research and
development ties with either universities or other research facilities. Nearly 70 percent of
these firms had university and research ties within the Seattle region.
University academics expressed the lack of manufacturing facilities in the Seattle area for
LSMDI, but also stressed the important role that manufacturing does and will continue to
play. They feel that slowly the Seattle region seems to be increasing their manufacturing
capability, but there has been little incentive to do so because it has been easier and more
cost effective for firms to outsource to other regions like the Spokane area. This is
because once a company reaches a productive size, they may not locate their
manufacturing within their respective cluster. One professor gave an example of a
company he personally knew of (although he heard of many more) who needed products
manufactured and decided to partner with larger companies which already had
manufacturing capabilities. These companies went to other states and even out of the
country in order to cut costs. The Seattle area may never have a significant amount of
manufacturing capability simply because the cost savings of going elsewhere are too
great.
A firm’s main concern in deciding where to locate the manufacturing of their product will
be primarily based on costs. Because the necessary Life Sciences and Medical Devices
workforce training needed to have a viable labor pool is lower than for research and
development, virtually any region can develop a strong manufacturing pool. Many in
Seattle are trained at local two-year community colleges.
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Locational Advantages and Industry Attributes
All of the companies that responded to SRRI’s industry interviews were founded and
started-up in the Seattle region. For all of these firms, the biggest reason to locate in the
area was because the owners or founders already lived and worked in the region. For
some, the technology that allowed for the creation of their firm was first developed at a
local university. It is believed, because of strong academic ties, that industry companies
in the Seattle region have a markedly good inner culture which is creativity-driven where
employees are encouraged and willing to share new ideas with owners and CEOs. Many
firms in the region are seen to have this trait—one that is felt to be necessary for success
in the Industry.
Company respondents listed a few differing positive locational characteristics they felt
were important for a company in LSMDI. A few firms noted the quality of life and
general lifestyle available for residents as a positive for employees. For firms, the region
offers a critical mass of companies and universities which provide a good base of
institutions for pulling an employee base from. The University of Washington is seen as
an essential Industry promotion element. From a transportation standpoint, the region is
seen as having easy access for product delivery by ocean shipping and highway.
Transportation up and down the West Coast and to Canada is very accessible as well.
Some Seattle area negatives noted by companies from a LSMDI standpoint were limited.
A few mentioned the short summers and large amounts of rainfall as an annoyance. One
firm found it to affect business because of the need for outdoor chemical testing. Also
noted was unplanned growth, which included streets and highways, and the rising real
estate prices. The state was also mentioned as an issue because it taxes research
equipment grant funding.
Firms suggested that the state and or local leaders help to increase the success of the
Industry in the Seattle area by eliminating college research equipment taxing, increasing
tax benefits to industry firms (which would include increasing support for small business
grants—there are a lot of educated people in the region with new ideas that have no way
of getting them started), and increasing funding for universities and non-profits in order
to promote growth.
Unique University, Industry Development, and Commerce Viewpoints
SRRI spoke with several industry experts associated with universities, commerce
departments, and industry associations. All of these organizations play a role in the
success and growth of LSMDI in the Seattle region. Universities that responded to SRRI
offered standard degree programs with ties to the Industry such as Bachelor’s, Master’s,
and doctorates in biotechnology as well as two-year associate and technical degrees in
molecular biology and chemistry (for entry level positions in the Industry). Although
these programs are not expected to offer any new degree areas, they are expected to
increase in size. All schools have seen an increase in demand and project increase in the
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future from students gaining entry into these programs. The last couple of years, hiring of
these graduates has somewhat decreased. Schools receive both state and federal funding
for research and for training programs. The Seattle Central Community College works
with local Life Sciences and Medical Devices companies by meeting three times a year to
discuss what the firms would like to see in the college training programs. Almost all
these graduates stay in the Seattle area and most find jobs related to the Industry.
Economic development organizations believe the Seattle area to be very competitive with
other regions which are specifically related to LSMDI. Economic development
representatives find that some issues related to the retention and/or expansion of firms in
the region revolve around several core topics that need to be addressed. These are
commercialization, infrastructure, and the current level of state funding and involvement
in the Industry.
Key Findings and Conclusions
Respondents from the Seattle area covered several Life Sciences and Medical Devices
industry topics both in-depth and broadly. Some key consensus findings in the topics
covered in the interviews include:
•
•
•
•
•
•

Industry activity in the Seattle area is weighted more towards research and
development and currently has less emphasis on manufacturing.
Many firms outsource much of their manufacturing needs, some outside of the
region and the state.
Seattle’s history of high-technology involvement has been a strong basis for the
success of LSMDI.
Access to venture capital will continue to be a major issue for the growth and
success of the Industry.
The Seattle area’s university system gets much credit for the founding and growth
of the Industry, supplying the innovation and workforce necessary for industry
success.
In contrast to academic beliefs, companies in the Seattle area seem to have many
ties outside of the cluster, in the state and to other regions across the country.
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Piedmont Triad Case Study
Introduction
Relative to others both in and out of the state, the Piedmont Triad in North Carolina is a
newcomer in LSMDI, and is considered by some as an emerging cluster. The Piedmont
Triad is centrally located along the northern boarder of North Carolina, adjacent to the
state of Virginia. This cluster is anchored by the metropolitan areas of Winston Salem,
High Point, and Greensboro and includes the North Carolina counties of Alamance,
Davidson, Davie, Forsyth, Guilford, Randolph, Stokes, and Yadkin.
The Piedmont Triad is in the shadows of the Research Triangle, approximately 90 miles
to the east. The Research Triangle is one of the nation’s top Industry clusters having a
large number of companies as well as strong research and venture capital activity. Yet
the Piedmont Triad region has recently emerged on its own as a center for manufacturing,
distribution, and transportation of Industry products. Until the late 1980s, the Piedmont
Triad was linked tightly with the tobacco, textile, and furniture manufacturing industries.
The demise of these old economy industries left the region with few economic prospects
by the early 1990s. However, the Piedmont Triad cluster is now a sample of the success
that the State of North Carolina has had in creating, promoting, attracting, and retaining
LSMDI companies throughout the state. Several companies have moved or located the
manufacturing of their final products to the Piedmont Triad because of state and local
efforts.
Having a regional tradition of manufacturing has been an asset as well. The Piedmont
Triad Partnership, the region’s primary economic development marketing arm, targeted
LSMDI for recruitment after they had an industry analysis study done for them in 2001.
The study “… identified pharmaceutical, biotech, and medical device manufacturing
companies as good recruitment targets for the Piedmont Triad. These industries, though
relatively small in terms of current employment and numbers of establishments, were
identified because of their strong growth trends and the critical mass of Triad assets
available to support them” (Piedmont Triad Partnership 2).
Because the Research Triangle has had a strong focus and success within the research and
development sector of the Industry, economic planners in the Piedmont Triad, in an effort
to carve their own niche and improve the chances of regional success, focused the region
away from research towards industry areas such as manufacturing. The Piedmont Triad
Partnership has been executing a Life Sciences and Medical Devices manufacturing
recruitment strategy. The goal of this strategy is to give the cluster a niche which
“…emphasizes manufacturing as the Piedmont Triad’s key strength, resulting from the
region’s manufacturing tradition, its university and community college base, and its
proximity to the Research Triangle” (Piedmont Triad Partnership 2). Economic
development leaders feel the proximity of the Research Triangle will give the Piedmont
Triad a resource and reputation edge over other regions who are trying to attract new
industry business and investment.
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Some of the larger companies, by number employed, in the Piedmont Triad include
Laboratory Corporation of America, Proctor & Gamble, Syngenta, Arrow International,
and Banner Pharmacaps. These companies represent the broad array of industry
segments found in the Piedmont Triad. Some firms relocated to the region from other
areas like Boston, New Jersey, and even internationally to take advantage of the region’s
lower business and labor costs, transportation infrastructure, and established university
and medical school system.
The university system in the Piedmont Triad has been given strong credit as one reason
LSMDI was able to establish itself as a leading regional industry during the 1990s and
why the Industry has recently seen continued growth in the region. In 2000, close to 23
percent of the population had at least a Bachelor’s Degree. Some of the more prestigious
research, medical schools, and technical colleges in the Triad include the University of
North Carolina, Greensboro (UNC Greensboro), Wake Forest University and the Wake
Forest University Medical School, and Forsyth Technical Community College. These
schools offer more than 40 degree programs in Industry-related fields including biology,
chemistry, agriculture, physics, medical technology, nutrition, animal science,
engineering, computer science and medical doctor. Wake Forest and UNC Greensboro
have also spun off several new companies based on technologies developed at the
schools. The level of start-up activity is expected to increase in the future. Wake Forest
has had a tremendous impact on the LSMDI in the Piedmont Triad due to the hands on
approach the administration and faculty have when it comes to their involvement in not
only technology transfers and start-ups from university research, but also in the
promotion of the Industry within the Piedmont. The university invests much time and
manpower to the region and the Industry, and also takes risks that other colleges typically
do not.
One way of trying to measure the level of new ideas and technologies coming out of a
region, which includes research university activity, is to measure the number and growth
of patents. The Piedmont Triad is a relatively young cluster, and between 1990 and 2001
the number of patents originating from the region had grown at a modest three percent.
The Piedmont Triad has also recently become a target of more venture capital investment
interest. An article in the January 2004 edition of The Business Journal for the
Minneapolis-St. Paul area gave an example of this. A local venture capital firm, Miller
Johnson Steichen Kinnard (MJSK), began investing in seed-capital fund in North
Carolina which focuses on start-up companies. An executive at MJSK said that “… the
region has a wealth of strong intellectual capital and start-ups in the med-tech sector,”
and “what the Triad doesn't have is strong access to venture capital” (Reilly 1). Like
many other emerging, and even some established regions, the competition for venture
capital funding is intense. With the Piedmont Triad in the shadow of a seemingly safer
investment cluster in the Research Triangle, it makes it that much tougher to gain capital
investment.
In 2003 the Piedmont Triad received just over $166 million in
“biotechnology” venture capital investment which made up almost five percent of the
national total. The Triad also received just under $106 million of investment for
“medical devices” companies which made up seven percent of the national total.
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Expert Viewpoints
The Piedmont Triad was the most responsive region out of the five selected case studies.
SRRI interviewed several companies, a university, economic development
representatives, industry associations, a major research center, and a key business
incubator. SRRI was also able to interview a representative from the Duke University
School of Medicine, which is located in the nearby Research Triangle; however, due to
the university’s proximity to the Piedmont Triad and because of the university’s high
reputation, its insight was important in the Piedmont Triad case study.
Industry Activities and Definition
Industry experts in the Piedmont Triad area had closely coinciding opinions about the
type of companies, and specific activities, that make-up and define the region.
Representatives from the North Carolina Biotechnology Center and the Greensboro
Economic Development Partnership felt that while there was a significant amount of
early stage company development which is originating from both research universities
and hospitals like UNC Greensboro and Wake Forest, the Piedmont Triad is still defined
by the companies linked to industry segments such as medical devices, support services,
as well as supplies, distribution, and manufacturing of industry products. Other opinions
listed a wide variety of activities including firms that are involved in homeland security,
contract research, pharmaceutical manufacturing, and some research and development.
SRRI interviewed companies that were involved in diagnostic cancer testing,
pharmaceutical services, culture media, and biological chemical manufacturing.
There were mixed responses by experts as to what factors created and are driving the
types of activities in the Piedmont Triad. Most agreed that universities in the region,
especially Wake Forest, were a factor at some level in the creation of new ideas and then
eventually having the research turn into spin-offs. It seems some of the more successful
small firms in the region are spin-offs from medical schools and other larger firms. Wake
Forest has also been very active in promoting and improving the Industry in the region
not only in promoting new business growth but in doing contract research for many firms
that do not have the facilities themselves. Also helping to produce an atmosphere that is
driving activities is the availability of a good workforce both for technical and academic
related Industry jobs. Some of this can be attributed to the training programs at the
community college level in the region along with the major universities.
Respondents did not seem to see large changes occurring in the types of activities that
would make-up the Piedmont Triad in the future. One expert felt there would be less
emphasis on some agriculture-related industry segments. There was the general belief
that changing attitudes by development leaders and by Wake Forest University are going
to play a role, not so much in defining what types of firms are in the region, but in
making the Piedmont Triad a place where firms can start-up or relocate to and be
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supported enough by the community that they will remain. One expert stated that in the
past the Piedmont Triad would lose spin-offs to the Research Triangle on a regular basis,
but that the changing business climate in the Piedmont Triad was beginning to solve that
problem. Wake Forest’s involvement in technology transfers for start-ups and planned
research parks are two areas where this attitude is paying off.
Industry experts as well as academics all place future opportunities for LSMDI in the
Piedmont Triad in the realm of an infrastructure and support base which will create
opportunities. There are several things occurring among economic development and
leadership that may help create this environment. First, there are many new research,
laboratory, and office buildings being built that are specifically targeting high-technology
industries such as LSMDI. Wake Forest is also playing a role in bridging activities in the
Piedmont Triad. This is creating an atmosphere of greater communication among firms
and academics. The Piedmont Triad seems to have the right blend of people in both
economic development and leadership positions, which is creating more networking
connections and also better funding opportunities for firms. Lastly, the state as a whole
has many regional training centers focused specifically on LSMDI. These centers are not
only creating a better workforce pool for the Piedmont Triad, but also for the entire state.
The centers also help create industry curriculum in schools and have awards and loan
programs for early-stage business, commercialization, and development.
The Piedmont Triad does face some challenges in the continued success of LSMDI.
There were varying opinions on the challenges that the Piedmont Triad would face.
Some felt that continuing to have a positive business atmosphere would be a key issue
(this includes having access to capital funding). A representative from the Wake Forest
University business incubators felt that the region could not get too caught up in
promoting just LSMDI, but must keep a broad industry base in order to stay diversified
during economic swings. Another challenge mentioned, more than once, was that the
region will see increased competition between regions not only for business, but in
attracting and keeping firms. Other challenges for the region include the lack of wet
laboratory space, changing suspicious attitudes and misperceptions by business leaders
and economic development people about the Industry, and strengthening the level of
university research in the region.
SRRI also wanted to find out what experts, business leaders, and companies in the
Piedmont Triad felt their relationship was to the nearby Research Triangle cluster. All
respondents in academic, development, and planning roles felt that the Piedmont Triad
and Research Triangle were two completely separate entities, although they did share
some business and research connections. SRRI also received an opinion from a professor
at Duke University School of Medicine who felt strongly that the regions were not only
separate, but completely different in the activities and make-up of the firms within
them—the regions have completely different cluster characteristics. Of the responses
SRRI received, none of the companies from in the Piedmont Triad had any connection
with the Research Triangle. One firm reported that because the Research Triangle is such
a strong region, it cannot help but be an influence on the Piedmont Triad even though it is
not necessarily part of it.

Sacramento Regional Research Institute

29

CASE STUDIES

Industry Growth and Restructuring
The responses received from industry experts on the historical growth of LSMDI in the
Piedmont Triad was limited. Respondents were either uninformed of the Industry growth
patterns or felt that the Industry had not been in the region long enough to be able to
pinpoint historical growth rates. Company attitudes about current growth seem to be in
the moderate range. One reason given by more than one firm representative, for
moderate rather than rapid growth, is that the Industry is in an infant stage in the
Piedmont Triad and that there are not yet quite enough firms to begin building off each
other which will create momentum to sustain faster growth. These firms did feel that this
momentum would soon begin to show signs of gaining traction under the current
planning and promotion of the Industry by leaders.
Drivers of the region’s growth are believed to be the continued effort of schools like
Wake Forest, as well as business leaders and planners, in promoting the region and in
creating a climate where businesses will remain in the region in all stages of
development. As the number of businesses continues to rise, demand for the supplies,
products, and services these businesses need will also foster more growth within the
Piedmont Triad.
Other experts feel that future growth will be better than current, and as with company
opinions, they feel that as more companies start-up, spin-off, or relocate to the area,
growth momentum will occur. Firms in the region see many factors contributing to
sustained future growth. Most of these factors seem to be on a macro planning level as
many companies feel that the continued support and involvement of Wake Forest
University, economic development leaders, as well as local and state entities are the
biggest keys to future growth. Some of this involvement and support includes helping
the region make the switch from old economy industries to LSMDI. According to a
representative from Wake Forest, the Piedmont Triad is more interested in what might
develop in the future rather than what has developed in the past.
Regions and Clusters in the Industry
Because understanding key characteristics of successful industry regions is important for
any study trying to determine the viability of their region, SRRI questioned academic and
industry experts about what they felt were key regional attributes both in the Piedmont
Triad or other established regions. Having a good university system with strong research
abilities was one of the most often listed key characteristic. This system also provides an
intellectual base that helps create new ideas and provides a skilled and educated
workforce. The Piedmont Triad area has all of these attributes in schools like Wake
Forest University. An academic respondent noted that although some clusters do not
actually plan to have a large representation or development of LSMDI in their particular
area, the academic and research environment led naturally to the growth of the Industry

Sacramento Regional Research Institute

30

CASE STUDIES
in many regions. A second key cluster characteristic is the availability of funding like
venture capital and research grants which are key in creating new technologies and ideas
which are transferred into start-ups and spin-offs. Respondents also felt that having a
skilled labor force from entry level to doctorates is also an important factor. The labor
pool can be created and sustained by a strong university system, as well as training
centers and community and technical college training programs. Looking forward,
respondents felt that these key attributes will not change for any successful cluster.
Respondent opinions about the possibilities of new clusters emerging closely followed
the same response pattern as current clusters. They felt that there were possibilities for
new clusters, but that it needed a good research university system, high quality of life,
and local community and leadership involvement in order to succeed.
Having a cluster or mass of companies in a small geographic region was seen as key for
some of the same reasons as stated above, and this importance will continue in the future.
Clusters also allow firms to trade or hire employees from other nearby firms that have the
same market interests with many of the same employee attributes. Having interaction
among companies was also as a key cluster component. This is because LSMDI is
unique as work revolves more around pre-product and exploratory issues than most
others. There is a strong desire for new ideas and technologies which leads to a
dependency among firms and universities for sharing and exploring new avenues of
study.
Industry Connections and Manufacturing Aspects
Connections between regions or clusters is seen as something that varies greatly from
firm to firm and is not something that is easy to measure as an overall industry. As a
rule, most thought connections to other clusters was not something that occurred on a
regular basis. Some existing connection examples between the Piedmont Triad and other
clusters were provided in the interviews by both university academics and by economic
development respondents. One known connection among regions in North Carolina is
created because the North Carolina Biotechnology Department has offices around the
state. Some companies in the Piedmont Triad have some of their research work done in
the Research Triangle because of the specialization that region has in research oriented
work. Other connections between these two North Carolina clusters are developed due to
economic development work and sharing of ideas. Partnerships between the two regions
are seen to be based upon a statewide promotion of the Industry. Some industry peers in
the more established Research Triangle also have some leverage with academic and
business colleagues in the younger Piedmont Triad.
Firms that responded to inquiries by SRRI showed that they did have some business
connections that were outside of the Piedmont Triad. These connections reached across
the state and country and included contract work and research and academic ties. Future
inter-cluster connections are thought to become more prevalent, although the way they
are developed, and the types of connections they are, will remain the same.
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Respondents also felt that manufacturing in the Piedmont Triad, like many of the other
industry segments, is in an infancy stage as the whole region attempts to mature.
Manufacturing does not yet have a major impact within the region although this is
expected to change in the near future. Locational decisions related to manufacturing
processes are expected to follow normal business cost analysis. Some firms may want
tight control over all aspects of production and will locate manufacturing nearby. Other
companies will think of cost only in deciding where to place or outsource manufacturing.
Locational Advantages and Industry Attributes
Most of the firms SRRI spoke to began their initial operations in the Piedmont Triad.
Firms had varying reasons for ultimately choosing this region as their place of business.
The firms that were start-ups in the region did so because the founders were already in
the region, some having associations with Wake Forest University. Other reasons given
for locating in the Piedmont Triad were that the business environment in the region is
very good. One firm noted that the nearby Research Triangle was supporting the growth
of the Industry heavily throughout the state and in the Piedmont Triad as well. The
ultimate goal of the Research Triangle is to create a strong industry identity throughout
the state which will only increase growth and demand for business in that region. This
support is helping to foster growth in the Piedmont Triad who, on their own, focus on
attracting diagnostic and medical device companies.
Respondents from universities felt that many of the companies in the region are spin-offs
from local universities and other larger firms. For success, these firms have to develop
valid and marketable new ideas or creations. Owners and managers of the successful
firms have a mix of good business, patience, and scientific skills in order to drive these
ideas through to development.
Company respondents had a broad list of positive attributes of the Piedmont Triad. This
list of characteristics describes why the Triad is a good place to have a Life Sciences and
Medical Devices firm in the region. Some gave quality of life reasons which provide the
region an advantage over others. The size of the region was felt to be urban, but not too
large as to be intimidating. The region is also on the edge of a mountain range which
gives people a nearby place for outdoor activity and provides the region with plenty of
pure water. Companies also provided some tangible positive characteristics which
focused on the business side of the region. One company compared the Piedmont Triad
to the large Research Triangle and felt that the Piedmont Triad was a cheaper place to
live and run a business, had enough qualified workers to sustain the Industry, and had a
good university system. Other firms noted that the economic environment of the region
was improving with incentives and local leadership involvement. A firm which recently
moved to the Piedmont Triad noted that they were warmly welcomed by the community,
politicians, and business leaders, which is something they would have never gotten in a
larger core cluster.
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Companies and industry experts also felt the region had some locational disadvantages
that would have to be addressed, if possible, sometime in the future to ensure success—
access to funding and wet laboratory space. Some other disadvantages mentioned by
businesses were that relative to the Research Triangle, the Piedmont Triad has a lack of
resources and the region, because of its relative age, has limited government traditions in
the Industry. It was reported that those in positions of leadership and support in the
region did not have much exposure to the Industry and were uninformed about what
companies may need or will face in trying to succeed.
Unique University Viewpoints
SRRI spoke to several university experts and received some unique responses. A
representative from Wake Forest University’s business incubators mentioned programs
and unique elements at the school. Wake Forest University has only one doctorate
program that is directly related to LSMDI, although there are many doctorates who are
currently performing industry research at the school. There are many other department
programs associated with the Industry that offer degrees in biology and engineering.
Although it is not clear if more programs tied directly to the Industry will be offered in
the future, demand for current programs is extremely high and is projected to grow.
Students for these programs come from all over the world. Wake Forest is one of the
nation’s top 25 schools in receiving grant funding and some of this funding is used in the
Life Sciences and Medical Devices sectors. The university has a business incubator, the
Babcock Demon Incubator. It is associated with the university’s business program, yet
has a segment which is oriented toward LSMDI. The school also works closely with
local businesses, most notably on research issues and projects.
Key Findings and Conclusions
The Piedmont Triad is a relatively young Life Sciences and Medical Devices region.
Due to its infancy, there are some unknowns when it comes to following a historic pattern
of where the region has been and where it is going. Many noted that the region is
maturing and finding its identity. SRRI identified some key consensus findings in the
topics covered in interviews with private companies, university faculty, state industry
representatives, and economic development leaders and they include:
•

•

While the region has many companies in early stages of development, the
Piedmont Triad is mostly defined by industry segments such as medical devices,
support services, as well as supplies, distribution, and manufacturing of industry
products.
Wake Forest University has been prominent and key to the success of industry in
the region by being heavily involved in idea transfers, promotions, support, and
collaborations with local firms.
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•
•
•
•
•
•

Local leadership and businesses have been key in the promotion of the Industry
within the Piedmont Triad, and have created a positive atmosphere for both
established and start-up firms.
Access to funding, especially venture capital, is and will remain one key issue in
sustaining strong growth.
Although not in the same cluster, the proximity of the Research Triangle to the
east is a source of both competition and resources for the Piedmont Triad and has
an influence on activities and growth within the cluster.
Experts believe a growth momentum will become evident in the region as soon as
more firms start-up, spin-off, or relocate.
The Piedmont Triad’s strong university system is considered a top aspect of
regional success. Having this system provides an intellectual base that helps
create new ideas and provides a skilled and educated workforce.
Compared to the established and larger Research Triangle, the Piedmont Triad is
thought of as having lower costs of living and doing business, with enough
qualified workers to sustain the Industry, and with a comparably strong university
system.
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New Hampshire Case Study
Introduction
The State of New Hampshire has had companies involved in LSMDI for several decades.
During a transition period in the 1990s, New Hampshire seems to have been able to shift
focus away from the production of old technology goods to high-technology products.
Recently, the state has seen an increase in the number of firms, and has also seen a
specialization in one or two key sectors of the Industry.
A portion of New Hampshire’s LSMDI in the past has been linked directly to one of the
world’s largest industry cluster, the Boston region. This link has been made mainly
because of the mass of Industry companies in the south eastern portion of New
Hampshire, specifically in Rockingham County. This connection is also natural because
of the proximity of Rockingham County to the Boston region, in some places only 45
minutes to an hour away. In the past, it has been expressed that New Hampshire’s Life
Sciences and Medical Devices industry has benefited because of the proximity of
Massachusetts and its large industry cluster.
For this case study, SRRI decided to study the entire state as a cluster. Since parts of
New Hampshire have been connected to the Boston region in much of the literature and
data, SRRI faced two problems. First, the inclusion of one of New Hampshire’s counties
in the Boston cluster negated the rest of the state which has a large number of industry
firms and organizations. In addition, New Hampshire has three counties with a large
mass of companies; taking one of these away weakens the strength of the other three.
The second issue SRRI found was that the State of New Hampshire has made a concerted
effort in recent years through collaborations of the Governor, state economic
development agencies, businesses, and industry groups to promote the entire state as one
with high levels of LSMDI activity and seems to want to put the entire state, not just one
or two select counties, on the forefront of industry awareness.
SRRI’s literature review of New Hampshire revealed some 120 companies in the state
involved in Industry-related activities, including Rockingham County. By and large New
Hampshire can be labeled as a state specializing in the manufacturing arm of LSMDI.
About 68 percent of the firms in the state are involved in the manufacturing of medical
device kits or components as well as equipment, laboratory instruments, and industry
supplies. Another 12 percent are bioinformatics or medical informatics companies that
are involved in computer programming, software development, or consulting in the
Industry. As a result of these specializations, some in the Industry have labeled New
Hampshire “The Biomanufacturing State.”
New Hampshire is a small business state for nearly all of its industry sectors. As one
report found “… of the 36,000 businesses in New Hampshire, only 100 are considered
large businesses, employing more than 500 people” (Rainey & Associates 1). Some of
the larger or well known industry firms with corporate offices or facilities in the State of
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New Hampshire include Tyco International, Fisher Scientific International, GenTek, and
Apogent Technologies. Many of the larger industry firms in the state are related to
manufacturing and some of the largest manufacturers in the state are Life Sciences and
Medical Devices industry-related. Having mostly smaller firms has created some
weakness in the state’s LSMDI. These small firms are overwhelmingly occupied in dayto-day business activities and rarely stop to look at the bigger industry picture within
New Hampshire. Many of them have little or no involvement or input in the state of the
Industry as a whole, and some have missed many opportunities for growth because of
this.
Because New Hampshire is such a relatively new and small area in comparison to the
Boston region, it has created artificially high expectations for the state’s cluster. In
addition, because of Boston, New Hampshire’s highly trained and educated workforce
(nearly 29 percent of the state’s population have a Bachelor’s Degree or greater) can
easily relocate for higher paying positions placing even more strain on employee
retention.
New Hampshire has a relatively small number of research colleges and universities
compared to many other industry clusters. The most notable is Dartmouth College and
Dartmouth Medical School. This college has a strong research background and has
played a key role in the start-up of many high-technology businesses. Other notable
schools in the state with Life Sciences and Medical Devices industry-related degree
programs are the University of New Hampshire, Colby-Sawyer College, and the Thayer
School of Engineering. Overall, the state universities lag behind other states in teaching
applied technologies like biotechnology and bioinformatics. Between 1990 and 2001 the
patent growth has been nearly seven percent in the state, which gives an indication of the
amount of quality research being done and level of technology transfer.
The cost of living in New Hampshire, as compared to Massachusetts, has been found to
be lower, and the costs of doing business in the state, as compared to other hightechnology states, has also been found to be significantly lower in recent studies. There
are several reasons for the lower business costs, fueled primarily by a pro-business
atmosphere. The state “… offers one of the lowest tax burdens in the country for
business owners and employees” and the state “…has no personal state income tax or use
tax, no general sales tax, no capital gains tax, inventory tax, or property tax on machinery
or equipment, and one of the country’s lowest unemployment and workers’ compensation
tax rates” (Pickering and Newton 2).
Although the state has had some success and long term relationship with venture capital
firms and angel investors, the state still has deficits in investment capital especially for
smaller firms and start-ups.
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Expert Viewpoints
For the New Hampshire case study, SRRI interviewed several companies, a
representative for the state Office of Business and Industrial Development, as well as
university professors.
Industry Activities and Definition
Those in New Hampshire, whether involved with the Industry because of business,
research, or academic reasons, all had opinions about what makes up the state’s LSMDI.
A cellular and molecular biology professor believed that most of the region in southern
New Hampshire had the notion of being part of the Boston cluster mainly because those
on the border had only a half hour drive to Boston. The companies SRRI spoke to had
mixed responses. A little over half felt they were in no way part of the Boston cluster,
while two-thirds felt that only those companies in the south eastern portion of New
Hampshire were to be considered part of the Boston cluster. A state industrial
development representative believed New Hampshire to be a feeder area for Boston’s
cluster.
The activities or definition is a description of the types and scope of firms that are located
in the cluster, and firms that SRRI had contact with were involved in many activities
including antibody production, drug discovery and development, clinical labs, and
medical device manufacturing. Respondents summed up the New Hampshire Industry as
not having many types of firms, but having several firms involved in pharmaceutical
development-therapeutic drug manufacturing and the manufacturing of biomedical
equipment.
Some ideas about the future make-up of activities in New Hampshire entail the growth of
smaller firms which will have a more vital role in the state’s economy. Otherwise, the
general consensus was that the depth of activities will remain similar to what they are
now, with manufacturing in the state still playing a key role.
The driver of the various business activities, according to a representative for the state
Office of Business and Industrial Development, is the state’s focus on manufacturing as
well as the region being a feeder for the Boston region. Others have strong beliefs in the
low tax environment being a promoter of overall growth in the state, including that of
LSMDI. Because of the role of technologies in prolonging life, demand will only
increase for all medical related business. Future regional industry opportunities may be
tied to the continually increasing demand for new medical services and technologies
within the same activities that are now in the state.
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Industry Growth and Restructuring
For the most part, New Hampshire is a non-industrial and rural state. Industry growth in
most of the state is hard to gauge, but in the southern portion where there is a larger mass
of companies in a more industrial setting, growth has been strong. One expert felt the
impact of the Industry on the state was only about 10 percent of the total economy.
Experts did agree that the drivers of industry growth within the state were the new ideas,
research projects, and entrepreneurs that were creating new and young companies.
Business-friendly tax laws were one reason why these new and younger companies are
locating or starting-up in the region as well as the fact that the state is pushing hard to
grow the Industry. In addition, faculty at Dartmouth College have been successful in
creating start-up companies based on new ideas.
Interviewed companies, for the most part, believed the current growth for many of their
industry sectors was moderate. Several reasons were given for the growth rates. Some
firms felt that LSMDI within the state was not affected nearly as much by the current
economic downturn as other industries due to continued worldwide demand for their
products. The strong foundation of research and development in the region was seen as a
solid foundation for growth.
On the downside, some companies saw growth being slightly lower than it could be. One
felt there were many possible business partners in the Boston region that could help
promote growth of companies in New Hampshire, but that it was just far enough away to
make some joint efforts unworkable. Others felt that growth would be stronger if there
was a reduction of FDA regulations, in addition to Dartmouth College’s building of more
LSMDI incubators. None have seen or expect to see a change in the make-up of firms in
New Hampshire.
Respondents were optimistic about the future potential growth of LSMDI in New
Hampshire. One estimated 10 to 15 percent growth over the next five years. However,
there are some key factors and challenges that will have to be faced in order for strong
growth to continue. By far, the most common response to future challenges by all of the
interviewed groups was in the area of possible shortage of funding and venture capital.
Other possible challenges facing LSMDI are global competition (especially in the area of
manufacturing, which is a big part of New Hampshire’s specialization), the local job
market, the overall state of the Industry’s economy, and social backlash from the public
(which in some cases misunderstands the Industry).
A particular New Hampshire company had a different take on their future prospect worth
noting. While they did not consider themselves part of the Boston cluster, they seemed to
feel that in the near future they may have to relocate to the Boston region because the
distance from that area was becoming a problem. As they have grown, they have had
more need for connections to firms in Boston. This company believes that other
established firms may follow the same trend. It was the viewpoint of a large international
firm that they had very few ties to the state’s economic activity and were not dependent
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on the state at all for the success of their firm. This company has facilities all over the
world and is fairly immune from local economic fluctuations.
Regions and Clusters in the Industry
The responses SRRI received for what attributes allow a Life Sciences and Medical
Devices industry to become, and remain, successful were similar in New Hampshire as in
other regions. Academic representatives believe that having research universities in the
state help the Industry as they enhance the intellectual resources and allow for start-ups.
One professor went so far as to say the impact of colleges and universities outside New
Hampshire, such as MIT and Harvard, also benefited companies in the region. Following
this, another key regional attribute was the proximity of skilled labor which will most
likely remain in the region. Clusters are also important to businesses as they allow
companies to cut operating costs by being able to share common vendors and suppliers.
SRRI received a unique opinion from a university professor who believed clusters must
have some less tangible positives to allow for success. Because the majority of people in
LSMDI are highly educated, they have a better appreciation and understanding for social
and environmental issues than their counterparts in other industries. Due to this outlook,
it is important that the areas they and their families live and work in meet their standard
of living expectations. These quality of life requirements include highly skilled job
opportunities, both in and out of LSMDI, within the region for the spouses and family
members of the person working in the Industry. This professor felt the New Hampshire
cluster has a difficult time fulfilling these requirements because of the more rural setting
in much of the state.
Industry experts had mixed feelings about the prospect of new LSMDI regions emerging.
Some felt that any new clusters will be dependent on the current established regions.
Others felt that if an area had the ability to foster and create a nucleus of intellectuals, it
may be able to establish itself. However, this would entail that region having some draw
or advantage.
Industry Connections and Manufacturing Aspects
A connection between regions or clusters is seen by academics as infrequent. Companies
are seen to be focused on connections within a region rather than outside. Most
connections outside the state are seen to be with other universities or due to global
connections between parent and subsidiary firms. Connections are seen to be developed
through friendships, business transactions, and the universities where many have gone to
school, researched, and continue to have relationships with. There was no opinion on
whether there will be more use of, or greater demand for, outside connections in the
future. The majority of companies SRRI spoke with had both their business and
university contacts within New Hampshire. Business contacts were mainly in supply
materials that are used for, or in the process of, creating the company’s final product or
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service. University contacts, if they existed, were almost universally within the state.
Companies with business connections outside the state were for research and
development as well as for manufactured items. These connections were to the Boston
region, other states, and places around the world.
As seen in the other case studies, manufacturing is seen as a special case where the
connection of companies in a cluster may be broken in order for a firm to reduce costs.
Manufacturing is seen as playing a large role in the Industry both now and looking
forward. As ideas continue to be developed, the role of manufacturing will become even
greater. For a company whose product has reached its life cycle stage where production
becomes necessary, the manufacturing locational decisions will not necessarily be limited
to areas within the cluster. Although some firms will have a higher priority for quality
control in manufacturing, many firms will first consider the costs of operation, rent,
available transportation infrastructure, as well as any relocation incentives in other
regions when deciding where and how to produce their final product. These other
regions could be anywhere in the world. A downside to keeping manufacturing within a
region like New Hampshire may be that environmental and, ultimately, cost issues may
come into play.
Locational Advantages and Industry Attributes
Eighty percent of the interviewed companies initially started operations within New
Hampshire. Companies had various reasons for deciding to start-up or relocate to New
Hampshire. For many, the owners or founders of the firm already had ties to the state
whether they simply lived in state, had university associations, or worked there. One of
the companies that relocated did so because its CEO had once operated a company in the
state.
University academics believe a majority of firms in the state are relatively small, ranging
from 10 to 20 employees, with strong ties to colleges like Dartmouth. These firms reflect
the attitudes and work environment of the schools they come from. There is considerable
potential for new companies to continue to emerge as opportunities are constantly arising
because of the emergence of new ideas. Many of the advantages for start-up or relocating
firms in New Hampshire include the higher quality of life compared to the Boston region,
the availability of research universities, and the business friendly environment.
Interviewed companies listed many positive reasons for locating a company in New
Hampshire. A few noted the business friendly attitude of the state, which includes the
lack of income taxes that is an attraction for the workforce. Quite a few companies
thought the state had a strong labor pool, low housing costs, and a fast growing Life
Sciences and Medical Devices industry. However, many companies in New Hampshire
gave more intangible positive locational advantages. These include the culture and
lifestyle of employers (due to university ties), the closeness of the Boston area for
cultural reasons, the beautiful rural setting of the state, short commute times, and
abundant recreational areas.
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According to those interviewed, New Hampshire has some disadvantages in comparison
to some other established Life Science and Medical Devices regions. Academics see the
lack of funding as a key problem for the regions as well as the rural atmosphere of much
of the state, which limits growth opportunities. Companies see several downsides and
challenges to locating in the state. The most mentioned disadvantage was directly related
to the rural setting of much of the state. Because it is far from major cities it tends to be
more spread out and the state has relatively lower wage levels because of less successful
areas near booming technology centers. Another stated disadvantage was the very cold
winters the state endures.
To help alleviate some of the disadvantages the state faces, some respondents offered
opinions about what state and local government could be doing to increase the
opportunity of success for the Industry and its businesses. One thought was that
increasing infrastructure spending and increasing internet access and quality would be a
big help. Others felt that the state needed to provide more industry related workforce
training and also increase the number of grants for businesses.
Unique Economic Development Viewpoints
According to the representative for the State Office of Business and Industrial
Development, New Hampshire has no specific major government incentives available to
industry companies, yet it is believed that the state remains competitive with other
LSMDI regions. Additionally, the state has not had a problem retaining industry
companies or had issues or problems with companies who need or wish to expand
operations in the state. The department does not currently track the growth of the
Industry specifically within the state.
Key Findings and Conclusions
In general, the business leaders and experts on LSMDI in New Hampshire were fairly
consistent regarding many of the issues brought forth in the interview process. Some key
consensus findings on the topics covered by both private companies, university faculty
related to LSMDI, and economic development representatives in the state include:
•
•
•

Companies in the south-eastern part of the state are close enough that they
consider themselves a piece of the Boston industry cluster. Those in the rest of
the state agree, but do not consider themselves part of the Boston region.
State leaders seem to be portraying the entire state of New Hampshire as a
separate cluster which is established enough to promote and sustain itself outside
of the proximity and connections to the Boston region.
A majority of companies in New Hampshire are related to Life Sciences and
Medical Devices production or manufacturing.
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•
•
•
•
•
•
•
•

The business friendly environment, including low tax rates, will continue to make
the region competitive in the Industry going forward.
Growth drivers will be the continued increase in the number of start-up and spinoff companies based on new ideas and research developed at local universities.
Some feel the travel distance from Boston has limited the growth rate of the
Industry in New Hampshire.
Lack of funding is seen as a major growth challenge of the state.
Having strong research universities in the state is seen as a major positive factor
for company and Industry success.
Most companies had business and university contacts within the state.
The manufacturing segment of the Industry operates under separate rules than the
research and development aspects. It is thought that the location and production
decisions in manufacturing follow more traditional cost analysis.
Most firms in New Hampshire started-up in the state. For many, the founders or
owners lived and worked in the region and have academic or research connections
with local universities.
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Overall Case Study Key Findings and Conclusions
Regardless of location, Life Sciences and Medical Devices industry characteristics,
specialization, and region size, respondents provided a number of consensus responses
regarding many of the key elements of the Industry. These included views on industry
activities, drivers of growth, clusters, connections, and locational advantages.
Interviewees stressed the importance of research universities, medical schools, local
workforce, and capital funding for the development and success of LSMDI.
Representatives from companies, schools, and economic development organizations all
believe that having a strong research center, usually university-related, that is heavily
involved in a region is one of the most important keys to the overall success of a region.
University and college student demand for industry-related degree or training programs is
and has been high and is expected to increase going forward. This is especially important
considering the emphasis on workforce development in LSMDI. There are usually one or
two prominent universities which are the center of much of the research and business
start-up activity within each region and include affiliated Industry support (shown in
Figure 2).
FIGURE 2
MAJOR RESEARCH UNIVERSITIES IN THE CASE STUDY REGIONS
2002-2003
Case Study Region

San Francisco Area

Boston Area

2002

Industry-Related

Major Affiliated

Major Research University

Enrollment

Degrees Conferred

Medical Center

Stanford University

18,297

220

UC San Francisco

3,527

41

UC Berkeley

33,145

859

Harvard University

24,969

316

Harvard Medical School

University of Massachusetts, Boston

12,719

86

None

Office of Research and Sponsored Programs (ORSP)

127

None

Office of Corporate Relations and the Industrial Liaison
Program (ILP) and Deshpande Center for Technological
Innovation

699

University of Washington Medical
Center

Massachusetts Institute of Technology
Seattle Area
Piedmont Triad

New Hampshire

University of Washington, Seattle

10,317
39,882

UNC, Greensboro

14,453

68

Wake Forest University

6,410

113

Dartmouth College

5,593

114

University of New Hampshire

15,407

174

Affiliated Industry Support

Office of Technology Licensing (OTL), Industrial Contracts
Stanford University Medical Center Office, and the Academic Consortium for Clinical Excellence
in Scientific Studies (ACCESS)
Office of Technology Management (OTM) and UCSF
UC San Francisco Medical Center
Innovation Accelerator (IA)
Office of Intellectual Property and Industry Research
Alliances (IPIRA), Office of Technology Licensing (OTL), and
None
California Institute for Quantitative Biomedical Research
(QB3)

None
Wake Forest University Baptist
Medical Center
Dartmouth-Hitchcock Medical
Center
None

Office for Technology and Trademark Licensing, Harvard
Biomedical Community Technology Gateway, and Office of
Technology Licensing & Industry Sponsored Research
(medical center)

University of Washington TechTransfer
Office of Technology Transfer and Technology Outreach at
Nussbaum
Office of Technology Asset Management (OTAM) and
Babcock Demon Incubator (BDI)
Dartmouth Entrepreneurial Network (DEN) and Technology
Transfer Office (TTO)
Biomolecular Interaction Technologies Center (BITC) and
Office of Intellectual Property Management (OIPM),

Sacramento Regional Research Institute, March 2004
Data Source: National Center for Educational Statistics and Individual University Websites

In addition, Medical schools not only help provide similar workforce and idea
development as seen in major research universities, but also provide a testing arena for
the Industry.
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Representatives from every case study region mentioned that the current and future
accessibility to capital funding is an important issue that must be addressed to help
guarantee continued success of the Industry. Smaller, developing regions must work to
obtain the level of capital funding necessary in order to reach a base point for increased
industry activity to develop. Larger, core regions must also concentrate on maintaining
appropriate levels of capital funding to continue the growth they have seen in their
regions and the advantages they have gained.
Most experts emphasized the use of local labor markets as well as the need for increased
workforce development specifically related to the needs of LSMDI. A highly skilled
workforce has been important to many industry companies especially those in the earlier
stages of the product life cycle.
In addition, many interviewees stressed the high-technology industry foundation in their
region and how this element has helped develop LSMDI. The case studies also
highlighted the fact that many firms develop in a particular area based on the founder’s
affiliation with a region’s university, illustrating the importance of both knowledge
development and technology transfer as a foundation for industry success.
While it is clear that there are key attributes to bring and maintain Life Sciences and
Medical Devices business and investment within a region, the case studies showed that
there may be some key attribute changes in the future. Currently, many within the
Industry have ties, both formal and informal, to other regions in the form of research,
academics, or for other unique operations. As products come to market, the
manufacturing capacity within the Industry, and specific regions, may become an
important issue. Manufacturing as a whole is an industry segment which is growing in
importance as more firms mature. Years of research and development is beginning to
produce large numbers of final market products that will need to be manufactured. A
company’s product manufacturing decisions will be based on traditional business cost
analysis when deciding who, where, and how their product is to be created. More
established regions like San Francisco, Boston, and Seattle have less emphasis on and
have a limited amount of manufacturing facilities. High costs of living in these regions
are creating opportunities for areas like the Piedmont Triad and New Hampshire to
develop their LSMDI as a whole and to concentrate on manufacturing elements. The
close proximity of these areas to major established regions acts as both a competitive
element and a resource advantage.
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Industry Data
In order to gain a thorough understanding of LSMDI, it is necessary to measure the
economic contributions of the Industry and some of the characteristics needed for the
success. The elements and areas analyzed in this section were based on understandings
gained from extensive literature review and expert interviews. SRRI gathered and
analyzed data on the employment and number of establishments within LSMDI as well as
information related to linked and supplier industries. In addition, SRRI also collected
information to measure other commonly accepted key industry attributes including
venture capital investment, patent generation, and educational attainment. This analysis
was performed for each of the five case study areas (discussed in the Case Study section
of this report) as well as the United States in total in order to assess industry elements in
regions with varying levels of Life Sciences and Medical Devices activities along with
the national contributions.

Defining the Life Sciences and Medical Devices Industry
There is no universally accepted definition of LSMDI, especially in tracking industry
activities. Although there is a wide range of literature available related to the Industry,
most take differing approaches in classifying LSMDI—some reports take a
comprehensive approach and attempt to identify all potential activities associated with
the Industry, while others search for proxies of industry activities and performance. The
closest consensus of an industry definition has come directly from research done by the
Department of Commerce, which defines biotechnology as “… the application of
molecular and cellular processes to solve problems, conduct research, and create goods
and services” (U.S. Department of Commerce 3). This definition is limited in two ways.
First, it is not inclusive of many of the activities that have become associated with
LSMDI—it is limited to biotechnology and does not account for the greater scope of
other life sciences as well as the medical devices aspects. Second, the definition is not
useful in making connections to formal economic industry sectors which are grouped
together and classified based either on how products and services are created or what is
actually produced (this aspect is discussed in further detail below). The lack of a
universally accepted definition has created a situation where statistics are often analyzed
based on broad categories that do not necessarily provide a clear view of LSMDI.
Since the Industry’s inception, the structure of LSMDI has been in a continual state of
change with advances in goods, services, activities as well as shifting characteristics of
firms. This restructuring is evident in the fact that interest in LSMDI is “… due at least
as much to the potential for growth as it is to the current stature” (Pollak 2). The Industry
holds great potential as an economic development engine due to this sign of promise
associated with the aspects encompassed in restructuring. Tracking the economic and
social dynamics of new technologies, including those related to LSMDI, is inherently
problematic, especially during the early and middle stages of industry restructuring and
development. The evolution of new technologies is effectively unpredictable and can
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often only be described retrospectively. Additionally, new technologies and industry
activities are “… largely intangible and therefore not directly observable” (Mothe &
Niosi 16). This is complicated by the fact that emerging economic activities are
entangled in current or historical economic and institutional classifications and
descriptions, making it difficult to appropriately characterize the new technologies or
disentangle them from the classifications. Comparable statistics and data are difficult to
gather and are not comprehensively reflected in industry classification systems due to the
restructuring and new approaches. For this reason, much of the available data comes
from private sources and qualitative information, which all use different sources,
definitions, and methodologies.
The classification system used for industry employment statistics recently underwent a
major shift with significant changes in describing and classifying industries and related
data. The new data categorizes employment using a different classification system,
terminating the historical Standard Industrial Classification (SIC) and implementing the
new North American Industry Classification System (NAICS). The NAICS data
structure was designed to provide more accurate descriptions of the goods and services
produced in the economy. In this shift, sub-sector details were comprehensively
changed, and some industry sub-sectors were moved to other major sectors.
Consequently, with the shifts, many states changed the structure of the monthly sample
used to gather the data (this is especially true in California). These changes included
more and different firms, which produced substantial differences in the overall
conclusions about the regional and statewide economic conditions. Using the new
NAICS system yields significantly different results and industry groupings than those
seen in the prior SIC system. There are breaks in much of the data where historical data
is tracked in the SIC system and more recent statistics are gathered under the NAICS
classifications. Crosswalks between the two systems are imprecise in many instances,
especially in cases where new sectors were created or where activities are essentially
uncategorized.
LSMDI is not officially established with its own industry classification code in either SIC
or NAICS, even when the Industry is separated into its broader, distinct areas of life
science activities and medical devices aspects. There are several reasons for this. One is
that the application and development of modern life sciences and medical devices is
relatively recent, and incorporation into national statistical accounts requires a specific
process and takes some time. More important, as the Industry is applied to a widening
array of industrial applications, developing a single classification category for firms
engaged in industry-related activity has proved to be complex and difficult. Therefore,
several industry classification categories track activities that are not exactly related to
LSMDI. Additionally, some apparently unrelated industry classifications capture firms
and activities that are directly related to LSMDI, but are difficult to disaggregate in
tracking the Industry. Further, data confidentiality is also an issue with non-disclosure
rules at the state and national level for employment data where a small number of firms
make up a large proportion of the total employment in a specific industry category.

Sacramento Regional Research Institute

46

INDUSTRY DATA
Most employment and establishment data for industries nationwide are collected from the
Bureau of Labor Statistics. The Bureau reports data based on the NAICS classification
system, which groups establishments into industries based on the activity in which they
are primarily engaged. Establishments using similar raw material inputs, capital
equipment, and labor are typically classified in the same industry. In other words,
establishments that do similar things in similar ways are grouped and measured together.
For purposes of many industry surveys and analysis, LSMDI firms are most commonly
listed in one of two major NAICS classifications. These two groups include
Pharmaceutical and Medicine Manufacturing (including manufacturing biological and
medicinal products; processing botanical drugs and herbs; isolating active medicinal
principals from botanical drugs and herbs; and manufacturing pharmaceutical products)
and Research and Development in the Physical, Engineering, and Life Sciences
(encompassing research and experimental development in physical, engineering, and life
sciences-related disciplines). For instance, two widely accepted reports in the Industry
from the Brookings Institute and the Department of Commerce have used, or determined,
these NAICS classification codes to make-up the largest portion of companies in LSMDI.
These major NAICS classifications show the diverse range of firms that are included in
the Industry.
Although typically making up a smaller component of industry firms by NAICS code,
medical devices manufacturers produce a wide range of products used for diagnosis and
treatment and are directly related to LSMDI. Similar to the other industry elements,
medical devices firms are housed in more than one NAICS grouping. There are two
major sectors that are generally used to describe economic activities related to medical
devices—Electromedical Instrument Manufacturing and Medical Equipment and
Supplies Manufacturing.
To describe the overall Industry, SRRI used four commonly accepted NAICS sectors
related to both the life sciences and medical devices aspects of the Industry. SRRI’s
definition for LSMDI based on the NAICS system is listed below, and illustrates the wide
array of activities captured in the Industry. This definition serves as a proxy for overall
industry activity. Some of these sectors include activities that are not necessarily related
to the Industry, and this group of sectors may not capture the entirety of industry activity;
however, they provide a general representation of LSMDI.
•

Medical Equipment and Supplies Manufacturing. This industry comprises
establishments primarily engaged in manufacturing medical equipment and
supplies. Examples of products made by these establishments are laboratory
apparatus and furniture, surgical and medical instruments, surgical appliances and
supplies, dental equipment and supplies, orthodontic goods, dentures, and
orthodontic appliances. Some specific products produced in this sector include
SIREMOBILE Compact (L) (a mobile C-arm designed for universal surgery use)
and VariantTM II TURBO Hemoglobin Testing System (a fully automated
diabetes monitoring system for use in clinical laboratories).
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Electromedical Instrument Manufacturing. This industry comprises
establishments primarily engaged in manufacturing electromedical and
electrotherapeutic apparatus, devices for measuring, displaying, recording,
transmitting, and controlling industrial process variables, instrument systems for
laboratory analysis, irradiation apparatus and tubes, and measuring and
controlling devices. Examples of products made by these establishments are
laboratory analytical instruments and physical properties testing equipment.
Some specific products made in this sector include ViroSeqTM HIV-1
Genotyping System (a system that detects mutations of the HIV-1 that correlate
with drug resistance in patients) and BVS® 5000 (an advanced cardiac assist
system designed to support recoverable hearts in patients with potentially
reversible heart failure).
Pharmaceutical and Medicine Manufacturing. This industry comprises
establishments primarily engaged in one or more of the following: (1)
manufacturing biological and medicinal products; (2) processing (i.e., grading,
grinding, and milling) botanical drugs and herbs; (3) isolating active medicinal
principals from botanical drugs and herbs; and (4) manufacturing pharmaceutical
products intended for internal and external consumption in such forms as
ampoules, tablets, capsules, vials, ointments, powders, solutions, and suspensions.
Products such as Allegra® (a non-sedating antihistamine for seasonal allergic
rhinitis and chronic urticaria) and Cipro® (a drug used in the treatment of 14
types of infections) are produced in this sector.
Scientific Research and Development Services. This industry group comprises
establishments engaged in conducting original investigation undertaken on a
systematic basis to gain new knowledge (research) and/or the application of
research findings or other scientific knowledge for the creation of new or
significantly improved products or processes (experimental development). The
industries within this industry group are defined on the basis of the domain of
research; that is, on the scientific expertise of the establishment. While some
companies within this code may have commercial products, their major focus is to
provide research and development discovery services and solutions within many
segments of the Industry.

One important element of LSMDI cannot specifically be tracked using NAICS data.
Public organizations (including public universities, research institutions, and medical
schools) have been one of the leading producers of the research and innovation driving
the overall industry and represent a large part of the pipeline for future production. In
most cases, these research activities including the researchers, professors, and scientists
that perform them are considered state and local government employees. Although data
is tracked for overall government employment, there is often no way of disaggregating
the workers and activities related to LSMDI from other public education institution
employees and typical civil service and administration jobs.
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Data Elements
Based on the definition of the Life Sciences and Medical Devices discussed above, SRRI
analyzed industry data capturing both employment (number of employees) and
establishments (number of businesses or firms). In this analysis, SRRI examined the
most recent comparable data available for the five case study regions and the United
States. The number of employees and establishments, growth in employment (between
2001 and 2002), composition (percent of total employment), and specialization
(comparison of the proportion of employment in a specific area compared to the same
proportion in the United States) were analyzed using NAICS data. Due to the Industry
data classification shift, comparable data for these elements was only available for 2001
and 2002.
In addition to the direct LSMDI data, SRRI also evaluated employment, growth, and
composition for the Industry’s main linked and supplier firms. In order to identify the
linked and supplier firms, SRRI used an input-output model which is able to provide
information on the indirect economic impacts of any sector or group of sectors. The
indirect economic impacts define the creation of additional economic activity that results
from linked businesses, suppliers of goods and services, and provision of operating
inputs. Based on the established definition of LSMDI, SRRI distinguished the main
indirect sectors at the national level and used these sectors as the basis for further
employment analysis for the case study regions and the United States.
Data for three key attributes of LSMDI were also collected. Venture capital data (amount
and number of deals) was gathered from the widely used MoneyTree Survey for the
categories of “biotechnology” and “medical devices.” Patent generation data measuring
patents per 10,000 employees, developed by Harvard Business School, was also
collected. Additionally, SRRI measured educational attainment levels, from the Census,
for the percent of the population age 25 and over with a Bachelor’s Degree or higher.
Each of these attributes point to an important element for success of LSMDI—capital
funding, innovation and technology transfer, and a highly-skilled workforce.

Life Science and Medical Devices Industry Employment and
Establishments
LSMDI is a growing industry. However, the Industry is still a relatively small sector in
regards to employment and number of establishments when compared to other industries.
The employment and establishment data often reflects the maturity of the Industry in the
various regions. Early activities related to the Industry were located in a few key regions
in the United States. The San Francisco area, the Boston region, and Seattle area were
three of these key regions, and they are widely considered as some of the most
established Life Sciences and Medical Devices regions in the United States. The State of
New Hampshire and the Piedmont Triad are smaller regions and are considered to be
emerging in the Life Sciences and Medical Devices realm.
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Figure 3 displays the 2002 employment and establishment data for the individual sectors
and the total Life Sciences and Medical Devices industry (based on SRRI’s definition).
As expected, established regions like the San Francisco area and the Boston region
account for a large portion of the employment in LSMDI in 2002 (87,682 and 72,463,
respectively). In the Seattle area, approximately 19,485 people were employed in
LSMDI. There were approximately 8,483 and 2,677 Life Sciences and Medical Devices
jobs in New Hampshire and the Piedmont Triad, respectively. The majority of those
employed was concentrated in the Scientific Research and Development Services sector.
One interesting finding is that, in the more established regions (San Francisco, Boston,
and Seattle) and the nation as a whole, the majority of industry employment is primarily
located in this sector. However, in the smaller and less established regions of New
Hampshire and the Piedmont Triad, the numbers are slightly shifted. These two regions
have been noted for their activity focus on manufacturing of industry equipment,
supplies, and medical devices; in addition, the majority of industry employment in these
two regions is found in the Medical Equipment and Supplies Manufacturing and the
Electromedical Instrument Manufacturing sectors. The established regions appear more
concentrated in the research and development aspects, while the emerging regions’
LSMDIs are based in the medical devices elements. In all areas, the Pharmaceutical and
Medicine Manufacturing sector made-up only a small piece of the total Life Sciences and
Medical Devices industry.
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FIGURE 3
LIFE SCIENCES AND MEDICAL DEVICES
EMPLOYMENT AND ESTABLISHMENTS
San
Sector

Francisco

Boston

Seattle

Piedmont

New

United

Triad

Hampshire

States

Medical Equipment and Supplies Manufacturing
Employment 2002
Establishments 2002
Percent of Total Employment 2002
Specialization 2002

13,880

15,859

2,178

909

2,566

307,661

528

283

239

61

82

13,449

0.4%

0.5%

0.2%

0.1%

0.4%

169.5%

204.4%

64.0%

60.4%

177.3%

0.2%
-

Employment Growth 2001-2002

-6.2%

9.9%

11.9%

-0.9%

-0.1%

-1.1%

Establishment Growth 2001-2002

-9.1%

12.0%

-8.3%

0.0%

25.0%

0.6%

20,336

14,214

4,742

552

3,470

222,307

334

211

90

8

53

4,918

0.6%

0.4%

0.3%

0.1%

0.6%

Specialization 2002

170.9%

126.1%

95.8%

25.2%

165.0%

Employment Growth 2001-2002

-11.3%

-5.4%

-5.2%

730.1%

-5.6%

-4.7%

2.9%

-2.2%

-5.6%

140.0%

-4.8%

-2.2%

11,011

7,995

1,563

780

864

293,179

90

84

33

4

10

2,536

0.3%

0.3%

0.1%

0.1%

0.1%

141.1%

108.1%

48.2%

54.4%

62.7%

-6.4%

7.2%

-11.1%

0.8%

27.4%

4.5%

0.4%

-1.4%

-2.0%

-3.2%

9.3%

0.2%

Electromedical Instrument Manufacturing
Employment 2002
Establishments 2002
Percent of Total Employment 2002

Establishment Growth 2001-2002

0.2%
-

Pharmaceutical and Medicine Manufacturing
Employment 2002
Establishments 2002
Percent of Total Employment 2002
Specialization 2002
Employment Growth 2001-2002
Establishment Growth 2001-2002

0.2%
-

Scientific Research and Development Services
Employment 2002

42,455

34,395

11,002

436

1,583

566,178

Establishments 2002

1,144

968

505

53

168

19,944

Percent of Total Employment 2002

1.2%

1.1%

0.8%

0.1%

0.3%

281.8%

240.9%

175.5%

15.7%

59.4%

Specialization 2002
Employment Growth 2001-2002
Establishment Growth 2001-2002

0.4%
-

0.9%

4.7%

-0.1%

-2.7%

0.3%

0.7%

-3.1%

0.2%

5.4%

-11.7%

-2.9%

0.8%
1,389,325

Total LSMDI
Employment 2002

87,682

72,463

19,485

2,677

8,483

Establishments 2002

2,096

1,546

867

126

313

Percent of Total Employment 2002

2.6%

2.2%

1.4%

0.4%

1.4%

204.1%

178.0%

109.1%

33.9%

111.7%

Employment Growth 2001-2002

-4.2%

3.9%

-1.2%

21.4%

1.4%

0.2%

Establishment Growth 2001-2002

-1.6%

0.2%

1.5%

-3.3%

0.4%

0.2%

Specialization 2002

Sacramento Regional Research Institute, March 2004
Data Source: Bureau of Labor Statistics

In general, LSMDI comprises very little of the total employment of the case study
regions. In the United States, the percentage of total employment was slightly above one
percent in 2002. The percentage of total employment within the case study regions
ranged from 0.4 to 2.6 percent. The San Francisco area had the most Life Sciences and
Medical Devices jobs in 2002, accounting for close to 2.6 percent of total employment in
the region.
The case study regions experienced mixed employment growth in LSMDI. Two out of
the five regions experienced negative growth between 2001 and 2002. The Boston region
experienced positive employment growth with an increase of 3.9 percent, while the other
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two established regions (San Francisco and Seattle) saw negative growth. The San
Francisco area saw positive growth in only one specific sector in LSMDI—Scientific
Research and Development Services. Both Boston and Seattle experienced relatively
strong growth in the Medical Equipment and Supplier Manufacturing sector, while New
Hampshire saw strong growth in the Pharmaceutical and Medicine Manufacturing sector.
The Piedmont Triad experienced the largest employment growth (21.4 percent) in
LSMDI out of all the case study regions, due to gains in the Electromedical Instrument
Manufacturing sector (which may include some activities unrelated to LSMDI). On a
national level, the Industry in total experienced a slightly positive growth between 2001
and 2002 with stronger growth in only two sectors—Pharmaceutical and Medicine
Manufacturing and Scientific Research and Development Services.
In order to determine the concentration or specialization of LSMDI within the case study
regions, location quotients were calculated using the United States as a benchmark. To
arrive at a specialization number for a region, the percentage of regional employment in
the Industry was compared to the percentage of employment in the United States (a
measure of 100 percent reflects the same proportion of employment as the benchmark).
With the exception of the Piedmont Triad, all of the case study regions were specialized
in LSMDI. When compared to the United States, the established region of San Francisco
was highly specialized with a measure over 200 percent. Boston was also very
specialized at 178 percent. New Hampshire and Seattle were not as specialized, but still
had a greater concentration of Life Sciences and Medical Devices employment than the
nation in general. New Hampshire had the greatest level of specialization in the Medical
Equipment and Supplies Manufacturing sector, while San Francisco, Boston, and Seattle
have the highest level of specialization in the Scientific Research and Development
Services sector.
The number of businesses or firms that participate in activities related to LSMDI
provides another measure of the economic scope of the Industry. In the nation, there are
only about 41,000 Life Sciences and Medical Devices firms. The San Francisco and
Boston areas had the highest number of establishments associated with LSMDI with
2,096 and 1,546 firms, respectively. Seattle, New Hampshire, and the Piedmont Triad all
had less than 1,000 industry firms. All areas, with the exception of the Piedmont Triad,
had most firms in the Scientific Research and Development sector (the Piedmont Triad
had most of its Life Sciences and Medical Devices firms in the Medical Equipment and
supplies Manufacturing sector). Similar to the Industry employment there was mixed
growth in the number of establishments (creation of new firms) within LSMDI. The
United States had a positive increase of 0.2 percent in the number of establishments
between 2001 and 2002, and the Seattle area saw a positive increase of 1.5 percent.
Boston and New Hampshire had a slight increase in the number of establishments in the
Industry, while the San Francisco area and the Piedmont Triad experienced 1.6 and 3.3
percent respective decreases in the number of Life Sciences and Medical Devices
industry establishments. A combination of the establishment and employment data
shows that, on a national basis, most Life Sciences and Medical Devices firms are small,
each employing about 34 people, on average.
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Linked and Supplier Sectors
Along with the economic activities directly associated with LSMDI, there are other
indirect activities as well. Companies within the Industry act as major employers and
purchasers of goods and services, and there is a whole range of activities involved in the
major linked and supplier industries. Based on the indirect effects calculated at the
national level using an input-output model, the largest major supplier sectors associated
with LSMDI include Real Estate, Warehousing and Storage, Architectural and
Engineering Services, Wholesale Trade, Management of Companies, and Employment
Services. Depending on a region’s specialization and level of economic participation in
LSMDI, the main linked and supplier could be slightly different, but this list represents
the most important support sectors for the Industry in general. The presence of these
sectors benefit a wide range of economic activities from due to the support services they
offer, and provide a basis for the development and success of LSMDI.
Figure 4 shows that the employment within the linked industries comprised a significant
amount of the total employment in each case study regions and the nation in 2002. The
major supplier industries accounted for approximately nine to 12 percent of the total
employment in all of the areas. Growth rates, between 2001 and 2002, mixed with three
case study areas and the United States, experienced negative growth with declines
between two and 10 percent (the largest decrease was in the San Francisco area that saw
an overall recession with declines in the high-technology industry).
FIGURE 4
EMPLOYMENT IN MAJOR LINKED AND SUPPLIER SECTORS
San
Sector

Francisco

Boston

Seattle

Piedmont

New

United

Triad

Hampshire

States

Employment 2002

411,950

333,187

195,744

68,013

54,967

14,357,055

Percent of Total Employment 2002

12.07%

12.25%

11.36%

10.87%

9.11%

11.20%

-9.7%

0.9%

-3.3%

1.2%

-3.1%

-1.96%

Employment Growth 2001-2002

Sacramento Regional Research Institute, March 2004
Data Source: Bureau of Labor Statistics

Venture Capital
Venture capital is seen as essential for the success of LSMDI. The research and
development as well as the approval process of new innovations and commercialization
are costly and lengthy processes. These processes along with the continued emergence of
new firms and ideas require continued flow of venture capital. Venture capital
investment in the Industry increased greatly over the past five years. Many of these
investors are beginning to see large returns on their investments and continue to invest
significant amounts of money to support the new innovation.

Sacramento Regional Research Institute

53

INDUSTRY DATA
Figure 5 shows the amount and number of deals in the “biotechnology” and “medical
devices” components of venture capital funding in the five case study areas and the
United States. Approximately two-thirds of venture capital dedicated to LSMDI is
invested in the San Francisco and Boston area (for this data, the State of New Hampshire
was aggregated with the Boston area). In 2003, approximately 50 percent of all
“biotechnology” venture capital and approximately 65 percent of the total “medical
devices” venture capital was invested in the San Francisco and Boston clusters. In the
less established regions, the amount of Life Sciences and Medical Devices venture capital
invested was significantly less than in these two established regions. Only about eight
percent of both “biotechnology” and “medical devices” venture capital was invested in
the Piedmont Triad and Seattle. In terms of the number of deals, the established regions
also see a significant advantage, but not quite as large as the total dollars. In 2003, about
38 percent of total “biotechnology” venture capital deals and about 43 percent of all
“medical devices” deals were in the San Francisco and Boston areas. Around ten percent
of the deals were in the less-established regions of Seattle and the Piedmont Triad.
FIGURE 5
BIOTECHNOLOGY AND MEDICAL DEVICES VENTURE CAPITAL
San
Venture Capital Area

Francisco

Boston

Seattle

Piedmont

New

United

Triad

Hampshire

States

Biotechnology
Amount 2003

$818,483,000

$802,038,000

$88,800,000

$166,108,000

(1)

63

51

9

17

(1)

24.3%

23.8%

2.6%

4.9%

(1)

-

Deals 2003
Percent of US Total Amount 2003

$3,371,665,000
301

Percent of US Deals 2003

20.9%

16.9%

3.0%

5.6%

(1)

Amount Growth 1998-2003

115.2%

185.8%

62.7%

84.2%

(1)

120%

31.3%

21.4%

-25.0%

-34.6%

(1)

9.5%

$616,786,000

$233,620,000

$23,250,000

$105,744,000

(1)

$1,521,840,000

67

24

4

18

(1)

40.5%

15.4%

1.5%

7.0%

(1)

-

Deals Growth 1998-2003
Medical Devices
Amount 2003
Deals 2003
Percent of US Total Amount 2003

211

Percent of US Deals 2003

31.8%

11.4%

1.9%

8.5%

(1)

Amount Growth 1998-2003

42.9%

90.0%

-34.8%

31.5%

(1)

29.5%

-13.0%

-35.1%

-42.9%

-28.0%

(1)

-26.7%

Deals Growth 1998-2003

Sacramento Regional Research Institute, March 2004
Data Source: MoneyTree Survey 2003
(1) Note: Aggregated in the Boston data.

Between 1998 and 2003 there was significant growth in the amount of venture capital
invested in LSMDI. During that time period, venture capital invested in “biotechnology”
grew by about 120 nationwide and the “medical devices” element saw growth of nearly
30 percent. All areas saw strong growth rates in the amount of venture capital invested in
the Life Sciences and Medical Devices area with one exception—Seattle experienced a
close to 35 percent drop in the amount of “medical devices” venture capital invested in
the region. Overall, the nation saw nearly 10 percent growth in the number of
“biotechnology” venture capital deals, and the San Francisco and Boston region
experienced relatively strong growth in the number of deals in this area. However, both
Seattle and the Piedmont Triad had fairly significant decreases in the number of
“biotechnology” venture capital deals. Unlike the “biotechnology” area, all areas saw a
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decrease in the number of “medical devices” venture capital deals between 1998 and
2003 with an overall drop of nearly 27 percent nationwide.

Patent Generation
Innovation and research is essential to the growth of LSMDI. This innovation is partially
reflected in patent generation where large amounts of time and monetary investments are
devoted to the research and development of new innovations. Without the protection of
patents, the researchers and investors would not receive a return on the years of hard
work and money invested in the projects. Patent information gives some insight into the
amount of new innovation and development that is taking place within the various
regions, and indicates the strength of the innovative environment which is necessary for
the success of LSMDI.
Figure 6 displays the number of patents produced per 10,000 employees in 2001 in the
five case study regions and the United States. The San Francisco area was one of the top
producers of patents in the nation. This region created approximately 28 patents per
10,000 employees. Boston and New Hampshire produced less than the San Francisco
region with approximately a little more than 11 patents per 10,000 employees. Seattle
produced approximately nine patents per 10,000 employees, which was slightly above the
national average of close to eight patents per 10,000 employees. The Piedmont Triad was
well under the national average with only 3.4 patents per 10,000 employees. The core
Life Sciences and Medical Devices regions (San Francisco, Boston, and Seattle) all had
patent generation levels well above the national average. Most likely due to its
connection to the Boston region, New Hampshire also had a patent generation level
above the national average, but the other emerging Life Sciences and Medical Devices
region fell far below this level.
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FIGURE 6
PATENTS PER 10,000 EMPLOYEES IN 2001
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Sacramento Regional Research Institute, March 2004
Data Source: Harvard Business School, Cluster Mapping Project, Economic Performance Indicators

Educational Attainment Levels
A highly skilled and educated workforce is an essential characteristic of key Life
Sciences and Medical Devices regions. Educational attainment measures provide insight
into the availability of skilled and educated people in a region, especially at the higher
levels of the spectrum that are more often required in the Industry.
As shown in Figure 7, all of the regions, with the exception of the Piedmont Triad, had a
greater percentage of people with a Bachelor’s Degree of higher than the United States in
2000. This is a similar pattern to the patent generation levels where all areas were above
the national average except for the Piedmont Triad. Almost 40 percent of the population
in the San Francisco and Boston regions had a Bachelor’s Degree or higher education
attainment level, demonstrating the availability of a highly educated workforce which
aides in the success of LSMDI. Of particular interest are the attainment levels for the two
emerging regions of New Hampshire and the Piedmont Triad. These regions are not
considered centers with a focus in the research and development aspects of the Industry;
rather, there is a greater focus on the manufacturing elements. The relatively lower
educational attainment levels found in these regions demonstrate that the labor force
needed, to develop higher levels of the research components, may not be available in
these areas, forcing them to focus more on the other elements of the Industry compared to
their larger and more established counterparts.
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FIGURE 7
PERCENTAGE OF POPULATION WITH A
BACHELOR’S DEGREE OR HIGHER IN 2000
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Sacramento Regional Research Institute, March 2004
Data Source: U.S. Census Bureau, 2000 Census

Conclusion
LSMDI is a growing and developing industry. The Industry is clearly more established
in regions such as San Francisco and Boston, but other regions are becoming more active.
The greatest levels of Life Sciences and Medical Devices employment and firms,
“biotechnology” and “medical devices” venture capital, patent generation, and
educational attainment are in the core clusters (San Francisco and Boston). The emerging
regions have some of the elements signaling the materialization of a strong LSMDI, but
do not have the set of advantages present in the core areas. Seattle and New Hampshire
(most likely due to the residual influence of the Boston region in the data) both
demonstrate the emergence of the elements necessary for success in LSMDI—relatively
healthy employment and establishment numbers, the presence of supplier industries,
strong patent generation levels, and high educational attainment. While the Piedmont
Triad does not have the same levels of employment, patent generation, or educational
attainment, it does present a strong growth rate in the LSMDI employment and has much
better venture capital prospects. In general, LSMDI is a fairly small piece of the
economy with around one percent of total employment, but presents a strong investment
opportunity capturing 32 percent of the total venture capital funding.
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Economic Concepts and Unique Approaches
Economic Concepts
There are two important economic concepts that are often discussed in the context of
LSMDI—the product life cycle and clustering effects. Both of these concepts are
important to the production of many contemporary goods as well as the development of
mature regional economies. As with most economic models, the ideas are adjusted to fit
specific circumstances and unique approaches and responses are developed in the
evolution of models and practical applications. Much of the literature and expert
judgment related to LSMDI heavily reflect versions of these two concepts; however,
unique viewpoints and approaches have begun to develop in various production models
and regions as the Industry continues to experience growth and restructuring.
Product Life Cycle
The product life cycle model describes a process through which most new technologies
and products pass through during their progress from new discoveries to their eventual
maturity and obsolescence (shown in Figure 8). The model explains the characteristics of
a number of stages in terms of location, investment capital requirements, profitability,
quantity of production, labor intensity, and other economic and management
characteristics. It is especially important to LSMDI because the goods produced by the
Industry typically have inherent processes that are adaptations of the general product life
cycle theory and usually contain modifications to account for inherent regulatory and
technical aspects. While mostly complimentary to the other economic concept of
clustering effects, the product life cycle idea is also somewhat contradictory to
agglomeration economies and is important to the study of the locational attributes of new
technologies. The product life cycle idea illustrates that there are several roles regions
might play including separate functions or a hub for all phases of the cycle.

Sacramento Regional Research Institute

58

ECONOMIC CONCEPTS AND UNIQUE APPROACHES
FIGURE 8
PRODUCT LIFE CYCLE MODEL
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Sacramento Regional Research Institute, March 2004

Innovation Phase
For a new product, the first step in the cycle usually occurs in a university or scientific
laboratory, a computer lab, or some other environment where new discoveries are being
made by leading scientists and post-graduate researchers in a process which is funded to
advance and create new scientific knowledge, not necessarily marketable products and
applications. Many products with possible potential for commercial applications may be
envisioned by the researchers in this environment, but only a few of these may ever
become targeted for more detailed commercial consideration. For a few ideas, it may
become apparent that there is an application for some product or service which the public
may need, and additional resources are then directed into discovering whether there may
be a viable process for converting the science into a product which can be taken to the
marketplace.
This initial stage typically occurs in large urban regions with research universities and
firms with interest in the product. There is a handful of locations in the nation where this
typically occurs, and they are famous for their research faculty, scholarly publications,
new patents, and other knowledge-based criteria.
The high costs incurred in this phase are associated with scientific and academic
discovery of new knowledge, not the product potential, and are usually supported by
research grants and scientific awards, not the product market. Only a very small number
of people are involved at this stage, and there is no immediate profit potential. While
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most patents for new ideas come from this scientific environment, the scientific or
research location may not be the place where the next step toward the marketplace
occurs, and is potentially even less likely to be the location for the large-scale
manufacturing and distribution of products.
Prototype Phase
For a few scientific discoveries, the process moves outside the knowledge arena into a
more commercial environment based on assumptions about the importance of the product
in the marketplace and the practicality of producing and applying the knowledge. The
process emerges from the scientific lab into the development phase, either as a small
startup company or being acquired by an existing company. Attention gradually shifts
away from science into production and manufacturing technology. More individuals and
a wider array of skills are brought into the mix, and an ever-increasing demand for
funding exists, with no immediate repayment potential.
Ideas about the practicality, costs, market acceptance, and timing of a possible
commercial production process become more important. Substantial amounts of venture
capital or other funding, not based on immediate repayment from product sales, are
required at this stage, and the risk is great because most ideas at this stage do not
ultimately meet the test of market profitability and are abandoned. For some products,
such as medical or pharmaceutical products, rigorous trials of the effectiveness and safety
of the product are also required.
The success of the next stage is not dependent solely on the scientific expertise of the
research university or commercial lab, but on a wide variety of business and engineering
services being readily available to the startup process. Important elements of this phase
include:
•
•
•
•
•
•

Vast amounts of capital will be required before profits are generated in the
marketplace.
Engineering and production firms and skills will be needed to develop the
applications process.
Business services expertise will be required to guide the new venture through the
financing, management, marketing, and other processes not well understood by
the scientific originators of the product idea.
Laboratory and production facilities must be immediately available and quickly
expandable as the basic physical infrastructure for the development stage.
A skilled workforce must also be available—not necessarily scientists, but
technical, production, assembly, and other related skills.
A local business and government environment which supports and encourages,
rather than attempts to regulate and obstruct, these fragile new firms is essential.
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Commercialization and Market Introduction
If a practical process for producing the product is developed and market-conceptual ideas
are proven, the discovery then moves into the beginning of the commercial mainstream.
Product tests, financial analysis, and business financing move to the forefront of the
process. The product transforms from a scientific process to a business, and mainstream
engineering, marketing, management, and financing become customary.
The requirements change significantly from the scientific environment in which the new
ideas were generated into a corporate manufacturing effort. At this point in the process,
the emphasis on certain locational elements may shift, reflecting the movement from the
scientific to the commercialization environment. Some regions may be ideal for both
environments, while others may provide benefits for one and not the other. For this
stage, important attributes include the following:
•
•
•
•
•

A location that is capable of supplying large-scale manufacturing facilities
Industrial-grade infrastructure services
Sites which meet specific environmental requirements such as noise, hygiene, and
vibration levels
Transportation access, including connections to national and world markets
The ability to attract, train, and retain a wide range of skilled and production
workers to sustain the production process

Market Maturity and Mass Production
Finally, the product begins to significantly establish itself in the marketplace, and the
cost, consumer acceptance, and competing products determine the consequence of the
product. For a product to be successful, the process is now one of achieving widespread
market acceptance and large-scale production with acceptable costs quickly enough to
establish market dominance and profitability before a competing product comes to the
market. The marketing, distribution, management, customer acceptance, and other
business aspects may become just as important as the scientific breakthrough on which
the product was based. At this point, revenue can be calculated and a long accumulation
of investment can be recovered. Additionally, a manufacturing process must occur at
which time large scale facilities, business services, production workforce, worldwide
distribution, and a supportive region, in terms of government support and regulation,
become important. Emphasis on cost and locational factors of the production
environment is more evident in this phase than during commercialization and market
introduction.
Obsolescence and Decline
The product ultimately achieves its definitive level of market acceptance and production,
and the growth (but not necessarily the level) of sales and production taper off. Sale
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prices begin to fall toward production costs, and the longevity of the product is ultimately
determined by the emergence of other products which either compete for market share or
establish superiority and, thereby, obsolete the product.
At this stage, the cost and volume of production become the most important aspects, and
there is great emphasis on the regulatory climate and costs of facilities, labor, and
infrastructure. The production process is now well established in that lower skilled
workforce can perform the routine tasks, automated production processes can complete
many tasks, and there is little scientific or product development activity left in the
process. At this point, the process of moving to low labor cost areas around the world is
likely to occur.
Product life cycle is well studied in fields of investment analysis, business management,
and others. In order for a corporation to have long-term profitability, there must be a
continuing pipeline of new products or services at different life cycle stages. Companies
usually have a strategy for innovation of products, or divergence into new products or
services, to avoid having the company itself become obsolete or unprofitable.
Life Sciences and Medical Devices Product Life Cycle
The product life cycle concept is useful in describing most contemporary innovations and
technologies. Depending on the specific regulatory requirements, the products produced
by LSMDI may follow an amended product life cycle. For instance, the general product
life cycle process of medical devices is similar to other high technology innovations.
Drug discoveries, on the other hand, must proceed through regulatory requirements and
the “drug discovery timetable”. This influences the way in which the product life cycle
progresses.
Clustering Effects
Many economic activities emphasize the importance of inter-related companies and
institutions present in what is typically described as agglomeration economies or clusters.
Clusters are regional concentrations of companies and institutions with a supporting
network of related services and supply industries. Members of the cluster both cooperate
and compete with each other. Clusters encompass an array of linked industries and other
entities important to competition. They include suppliers of specialized inputs such as
components, machinery, and services as well as providers of specialized infrastructure.
Clusters can also include governmental and associated institutions (such as universities,
think tanks, vocational training providers, and trade associations) that provide specific
services and technical support.
A clustering effect exists where advantages are gained by locating operations close to
other similar firms. The clustering effect involves three factors—a forward linkage effect
where additional producers attract more buyers; a backwards linkage effect where greater
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demand from buyers increases the locational attractiveness to additional producers; and a
complementary linkage where additional producers create an increase in providers of
linked goods and services and this increased availability makes the location more
attractive to other producers. In general, clustering effects produce advantages that firms
would not see in isolation. As mentioned above, this idea is primarily complimentary but
also partially contradictory to the product life cycle where regions may contain the
necessary clustering attributes to support most phases of the product life cycle and other
regions may show clustering effects for activities associated with specific stages in the
cycle. The boundaries of the self-contained cluster concept are not as clear when the
production cycle reaches the commercialization, market maturity, and obsolescence
phases. It is not necessarily economically feasible for many contemporary innovations to
proceed through the entire product life cycle in one cluster. In this case, the clustering
effects are most promising up to the commercialization and market introduction phases.
Industry and business clusters are based on the close proximity of related businesses and
companied to each other. This close relationship allows for technology transfers and
knowledge spillovers which increases the productivity of the cluster as a whole. Some
economic keys to the success of clusters, along with some positive characteristics that
flow out of clusters, are:
•
•
•

Economies of specialization—a localized industry can support a greater number
of specialized local suppliers of specific intermediate inputs and services that are
specific to that cluster, thus obtaining a greater variety at lower costs.
Labor markets—a localized industry cluster attracts and creates a pool of workers
with similar skills, which benefits workers, their employers, and the community.
Communication among firms—information about new technologies, goods and
processes flow more easily among firms located within the same cluster.
Adoption and innovation seem faster and more intense in clusters than in scattered
locations. That is, some “knowledge spillovers” exist.

The clustering effect is also in line with the concept of emerging technological systems
that concentrate on the generation of knowledge, followed by the diffusion of knowledge
and finally the general use of knowledge. A critical mass in each area is necessary for the
stimulation of innovative activity and to promote entry into the technological system.
The clustering effects allow the spillovers and diffusion to reinforce each area of the
system.
Life Sciences and Medical Devices Clustering Effects
Life Sciences and Medical Devices clusters include companies as well as specialized
infrastructure that support the Industry. Often, clusters are portrayed as geometric shapes
with all corners connected to demonstrate the scope of connections that a cluster creates.
The traditionally accepted cluster attributes for the Life Sciences and Medical Devices
can be depicted as a hexagon. The hexagon incorporates complicated interaction of
collaborative efforts, support activities, networks, and strategic alliances. It also accounts
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for the spillover of knowledge and competition, producing greater economic benefits than
the first iteration of commercialization. As shown in Figure 9, the interactions in LSMDI
connect businesses, funding, research, commercialization, and regulatory activities. The
locational attributes and cluster elements are discussed in greater detail throughout this
report.
FIGURE 9
LIFE SCIENCES AND MEDICAL
DEVICES CLUSTER HEXAGON
Small Firms

Large Firms

Research

Regulatory Bodies

Capital

Technology Transfer/Incubators

Sacramento Regional Research Institute, March 2004

Support and service providers are not specifically shown in the hexagon, but are essential
to the cluster concept. Companies that manufacture or sell equipment, instruments, or
other products are part of the cluster; however, they are not specifically considered
industry companies. Professional service providers are also non-industry firms that may
be part of a cluster and can include legal and accounting firms, management consulting,
industry associations, and professional membership organizations. Industry clusters
usually include universities and research institutions, specialized service providers,
equipment and laboratory supply firms, venture capital, and academic training
institutions. These related firms, groups, and institutions provide a base that supports the
growth and development of the cluster.

Unique Approaches
The promises of LSMDI, coupled with the growth and restructuring within the Industry,
have forced regions and companies to reevaluate some of the traditional economic
concepts related to the Industry, leading to the development of unique economic
approaches. Two of the most applicable unique approaches to LSMDI include
collaborative approaches and network models, both of which provide structures that firms
and regions are beginning to follow. These models emphasize cooperation between firms
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and regions that may develop in the latter stages of the product life cycle and allow for a
broadening of cluster activities and resources.
Collaborative Approaches
There are a few emerging Life Sciences and Medical Devices regions throughout the
United States that are characterized by their proximity to core regions and are taking a
unique approach in creating their economic development strategies. These strategies aim
to leverage the proximity element while focusing on the region’s existing economic
strengths and advancing niche and support activities. For example, the Piedmont Triad
region “… intends to build on its existing strengths and manufacturing heritage by
focusing on a niche strategy of promoting and supporting capabilities in
biomanufacturing and bioprocesssing, which are relatively less sensitive to a researchoriented development and workforce and prestigious research grants” (Osthol & Lembke
10). The establishing and established Life Science and Medical Devices regions are
developing mutually constitutive relationships to make the highest use of resources and
harness competitive advantages. In terms of economic development, each region can
reference the other area as a key element in its locational advantages when it helps to
increase the overall competitiveness.
The success of these collaborative approaches depends on the ability to “… formulate
strategies, manage projects, and coordinate actors and resources (and their impacts on
future growth and competitiveness)” (Osthol & Lembke 29). For instance, the Piedmont
Triad and Research Triangle regions as well as New Hampshire and the Boston area are
developing leadership and coordination strategies, which are leading to the perception of
the two separate sets of regions as larger Life Sciences and Medical Devices corridors or
areas.
From the viewpoint of the establishing region, the concept of the collaborative approach
can be seen as a bicycle wheel with the established region at the center and the
establishing region on the rim, being connected to the established region by a spoke. As
depicted in Figure 10, with economic activity providing the force that spins the entire
wheel, centrifugal force pushes certain facets of economic activity out from the
center/established region to the rim/establishing region (Osthol & Lembke 52).
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FIGURE 10
COLLABORATIVE APPROACH

Established Region
Emerging Region

α=Economic Activity
a=Centrifugal Force
Sacramento Regional Research Institute, March 2004

The overall goal of the collaborative approach is for the emerging region to become a key
niche player in the larger LSMDI encompassing the two regions with the niche activities
supported by economic strengths, infrastructure, and coordination of resources and
efforts. Most of the regions taking advantage of collaborative approaches have targeted
the manufacturing aspects of LSMDI as well as activities that do not require the high
levels of research, workforce skills, and funding typically seen in the core regions.
However, some regions have also picked-up specific specialized activities that require
similar elements as activities taking place in the established regions. For example, in
addition to biomanufacturing activities, the Piedmont Triad area has begun to focus its
strategies on medical devices and nanotechnology which are supported by its existing
research and business infrastructure. Since the majority of the established LSMDI is
concentrated in a limited number of metropolitan areas, emerging regions utilizing
collaborative approaches and leveraging proximity to established regions may be able to
capture a large portion of the second wave of industry activities spurred from
restructuring and commercialization demand. These economic development strategies
need to be developed carefully “… in order to avoid a future position where [the
emerging region] becomes a satellite region supplying labor and services, while the
established region attracts the majority of companies, money, talent, and publicity”
(Osthol & Lembke 75).
Network Models
The first wave of Life Sciences and Medical Devices activities can be viewed as
vertically integrated. Firms using vertically integrated models typically perform research,
discovery, development, testing regulatory, sales, marketing, and manufacturing activities
in one location, under one roof. This model “… is being supplanted by one of niche
players, where successful [Life Sciences and Medical Devices] firms are supplying key
value-added services in specified niches…” (King & Seline 4). The Industry’s second
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wave has increasingly adopted a network model in lieu of the vertically integrated model,
which is depicted in Figure 11.
FIGURE 11
SHIFT IN INDUSTRY MODELS
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Sacramento Regional Research Institute, March 2004

In a network model, activities are broken up into different regions, locations, and firms.
Regions have the opportunity to focus on their core competencies in LSMDI. For
instance, operations and marketing may take place in one location while research and
testing may occur in another region and manufacturing may be done in other places
potentially using other firms. In a network model, emerging regions do not need the
complete set of characteristics often seen as necessary in the established Life Sciences
and Medical Devices regions. Rather, connections or access to the established regions
along with some degree of local infrastructure and specialization are the main drivers.
The Industry is beginning to increase its reliance upon outsourcing and key partnerships
rather than vertical integration—a trend that many other innovative sectors have
experienced in the past and have successfully taken advantage of. The network model is
also complemented by convergence where separate and distinct activities and
technologies can be harnessed to create new products and services. This can be seen as
“… the reaching over of one industry cluster to bring value to another cluster” (King &
Seline 4).
Traditional Challenges Enhancing New Strategies
Self-contained clusters and the traditional product life cycle are being replaced in some
cases by unique approaches which emphasize further distributing firm functions and
expanding the geographic scope of the Industry’s activities. Some traditional economic
development challenges are manifesting themselves in the established Industry regions,
and are thus enhancing the collaborative approaches and network models. Industry
experts have stressed the importance of commercial expertise and manufacturing
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capabilities, which is sometimes a difficult combination to nurture. In addition,
established regions are faced with limited wet lab and industrial space along with high
property (residential and commercial) and labor costs. Surveys of established regions
such as the San Francisco area demonstrate that companies believe that locational
decisions will increasingly be made based on property costs and amount of available
space. Companies feel that “the most appropriate locations should be designated as
manufacturing zones, and the necessary permitting and zoning requirements should then
be put in place so development can happen quickly and conveniently” (Taking Action for
Tomorrow 28). These challenges and requirements may drive LSMDI activities to other
regions and the collaborative and network approaches may help guide this locational shift
and shape the established and emerging regions.
As seen in the San Francisco area and other mature high-technology regions, with the
outsourcing of large amounts of manufacturing and services to other parts of North
America and to Asia, as more Life Sciences and Medical Devices products transition
from the laboratory or knowledge phase of development to the market in increasing
amounts, and as smaller companies continue to expand, the demand for Industry
manufacturing may begin to push current capacity. Life Sciences and Medical Devices
firms will, and have begun to, relocate manufacturing and other key activities outside of
well established cluster areas which are more heavily focused on research and
development and are located mostly in regions with high costs for rents and facilities.
These processes point to the development of and reliance on network models where key
functions are separated into different locations for practical and cost purposes. This shift
provides opportunities for new regions to seek branching plants. The state of New
Hampshire and the Piedmont Triad are prime examples of two regions that have
successfully attracted or promoted LSMDI growth, shifting away from, but not
completely ignoring, the emphasis many regions have traditionally placed on research
and development growth which is largely associated as a key to cluster success.

Conclusion
The LSMDI model closely follows the concepts of the product life cycle and clustering
effects. The product life cycle demonstrates that the goods and services produced in the
Industry go through a process of research and development to testing and
commercialization and finally mass production. As the new technology product moves
through the cycle, both revenue and employment increase while the need for capital
funding decreases. With this, labor force needs also change from relatively highly skilled
to more production-related and lower skilled aspects of the workforce. Once the product
reaches maturity and decline, employment and revenue taper off as new technologies are
developed and the original product encompasses basic production activities and
potentially faces obsolescence. The clustering effect illustrates the benefits of the
agglomeration of firms for the development of new technologies. Clustering allows for
the generation, diffusion, and use of knowledge in a system of both supporting and
competing firms. LSMDI has relied on the clustering effect to support the development
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of new technologies and products with concentrations of industry activities in a few core
regions throughout the nation.
As the Industry matures and restructures, unique approaches to the development and
production of goods and services are becoming apparent. Emerging regions in close
proximity to core LSMDI regions are focusing on their advantages and developing
collaborative activities. As the core regions reach a level of strong Industry activity, the
emerging regions can both benefit from the mature support services in the core region
and attract firms by touting their unique advantages and proximity. These collaborative
approaches can provide benefits to both the core and emerging regions by developing an
even larger Life Sciences and Medical Devices region with the key attributes of both
areas forming an even greater competitive advantage. Facing higher costs and limitations
in the core regions, firms have begun to foster these collaborative efforts and have also
moved activities to other locations, focusing on a network model. Both unique
approaches present options for LSMDI to geographically expand as the Industry matures
and restructures, forcing activities out of core regions and identifying limitations to
development in the established regions.
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Conclusion
The predominant activities in LSMDI involve medical device manufacturing, medical
device research and development, pharmaceutical manufacturing, pharmaceutical
research and development, and instrumentation/diagnostics. Most firms and employment
relate to these activities; however, the industry encompasses a broader scope reaching
aspects such as agriculture, the environment, homeland security, and support functions.
Industry experts assert that, looking forward, new ideas and areas of activity will, and are,
continuously springing up, creating business opportunities outside many of the current
and traditional LSMDI activities.
The Industry, in its contemporary form, has just begun the process of significant
restructuring as more goods and services reach the market and the processes become
more mature. At this point, research and development is still the most important phase
and applications for disease and human health dominate the focus. Growth in the
industry has been driven by capital funding, research activities, universities, and medical
schools. Additionally, the foundation in high-technology along with growing health care
markets and an aging population have contributed to the success of LSMDI. Larger firms
and some aspects of the Industry are beginning to demonstrate elements of restructuring.
As this happens, the ability to continuously bring products to market and manufacturing
capabilities become more important. According to a majority of both academic and
economic development experts, the Industry’s historical focus on research and
development among more established regions has left a void, and lack of planning, for
product manufacturing and marketing. In addition, the scope of the Industry, both in
terms of activities and locations, expands with these changes, forcing new elements to
become vital to Industry success such as a labor force with manufacturing and operations
skills, broadened public support, and foreign markets. Figure 12 highlights the key
regional attributes for the current and restructuring LSMDI.
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FIGURE 12
KEY REGIONAL ATTRIBUTES FOR THE LIFE SCIENCES
AND MEDICAL DEVICES INDUSTRY
Essential Attributes
Continuous access to capital—venture capital, business angels, public investment, etc.
Highly skilled local labor market—science, management, manufacturing, business, etc.
High-technology industry foundation
Medical school/teaching hospital
Research universities
Sustaining Attributes
Available specialized facilities—wet lab, technical manufacturing, clinical research, etc.
Company leadership
Entrepreneurial environment
Linked suppliers of goods and services
Stand-alone research institutions
Supportive regulatory environment—promotion, development, business, legal, etc.
Technology incubators/transfer
General Attributes
Business costs—utilities, taxes, commercial real estate, regulatory costs, incentives, etc.
Infrastructure—utilities, transportation, industrial, business institutions, etc.
Quality of life—housing affordability, personal safety, commutes, educational attainment, etc.
Strong business climate
Sacramento Regional Research Institute, March 2004

Each attribute is necessary, but not sufficient, to foster growth and development of
LSMDI. The ability to attract Life Sciences and Medical Devices firms depends on the
presence of the general attributes (important for any region’s ability to attract business
and investment) along with a combination of essential and sustaining attributes. An ideal
environment for the Industry would have all elements in the list of essential, sustaining,
and general attributes; however, even the core regions do not possess all elements.
Depending on the firm and specific activities, some essential and sustaining attributes
may be more important than the others.
Core regions and the clustering effect have also been essential to the growth of LSMDI.
Industry activity has been concentrated in a few core regions throughout the nation that
offer a host of the attributes shown in Figure 12. The agglomeration of firms and
supporting linkages create an environment where the generation, diffusion, and use of
knowledge can prosper. There is consensus that as the Industry restructures, there may
be more room for new competitive clusters or regions to develop, especially with the
growth in the use of collaborative approaches and network models. These approaches
suggest that emerging regions adjacent to core regions may have more initial success than
those in areas and states that do not have a strong LSMDI or high-technology base.
Movement out of core regions is also being influenced by shifts in the key attributes
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where core regions are losing their competitive advantages—in most cases these shifts
are related to the general attributes and lack of attractiveness in cost and quality of life
factors.
In the current Industry structure, connections between regions are not strong or necessary
since there is self-preservation and success within core regions and clusters. More
mature firms typically have greater connections as they move to network models where
they rely on other locations to perform key firm activities. Most of the evident
connections between regions related to LSMDI are between universities, and these
linkages are often informal and specifically research-related. Besides a select number of
larger firms, the Industry has not planned for the mass manufacturing processes and is
still concentrating on research and development. Although the characteristics of the
Industry in the future are unknown, there is a consensus that costs and incentives will
increasingly become more important and activities further along in the product life cycle
will not necessarily need to take place in the core regions.
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Appendix A—Literature Review
A large number of regions throughout the nation have expressly targeted LSMDI for
economic development activities. While the Industry is inherently difficult to assess in
terms of its economic composition and performance, the general consensus is that
LSMDI has been and will continue to be a steady growth industry due to the demand for
the products and services that arise from the Industry. In addition, because of the
typically high-level jobs and myriad of economic linkages that are associated with most
industry operations, the potential economic impacts are relatively high. For these
reasons, numerous regions are focusing efforts on attracting business and investment to
build a strong LSMDI. Business attraction activities in LSMDI have often been
hampered by the general inability to gain an in-depth understanding of the regional
economic performance and promise of the Industry as well as broad national studies that
suggest limited potential for other strong clusters or regions to develop.
Noting these issues, SRRI conducted a comprehensive literature review of academic and
non-academic journals, reports, books, conference proceedings and mass media at the
international, national, state, and regional levels. This literature review serves as a key
methodology in the study of LSMDI where reliable and comprehensive quantitative data
may not provide a complete picture of the Industry. SRRI’s document-based approach
allowed for analysis of a consensus view and linkages between various fields and
disciplines related to the Industry’s emerging technologies. In this large-scale review,
SRRI focused on gaining insight into and assessing the consensus view of specific
Industry attributes and structures. While some unique views and approaches were
present and are highlighted throughout this report where appropriate, most of the
literature provided a similar view of LSMDI regardless of the geographical scope,
purpose of the work, or exact definition of the Industry. Due to its important role in the
Industry, much of the literature also discussed the state of California and specific regions
within it; therefore, a brief discussion of California is also provided in addition to the
overall industry.

Introduction
LSMDI, while placed under a broad umbrella for this study, represents two distinct
sectors in most economic studies of the Industry. The majority of the literature sources
focus on the life sciences or biotechnology piece, while some also envelop the
development and production of medical devices into the discussion. In general, the
majority of studies have found significant strength in industry linkages as well as
economic impacts throughout the respective economies. LSMDI, despite some
perceptions, was not necessarily created out of the recent high technology boom. The life
sciences aspects are an old industry that began with activities such as beer and wine
making and also spanned into the broader agriculture industry. However, the Industry’s
current form that brings in the medical devices elements is relatively young, based in
many of the early DNA discoveries of the 1950s and expanded through the growth of
technology—the Industry as we know it has only been in existence for about 30 years,
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and it has only been in the last 15 years that the Industry has become a major global
economic player. The general industry has spread into a broad range of activities related
to life sciences (now characterized by an intersection of various fields based in biology
and chemistry) and high technology (breaching the computer science, information
technology, and high-technology manufacturing activities that are now key elements of
most industries). With the inclusion of medical devices, the Industry encompasses a
spectrum of activities that range from low- to high-technology. Overall, the Industry is
one of the most research-intensive sectors of the new economy and is one of the key
recipients of technology transfer (because of the relative infancy of the current industry
structure and nature of work involved, research and development has been a
tremendously important part of industry activities). The most promising uses of the
goods and services produced by LSMDI include human health, animal health, nutrition,
and agriculture. The attractiveness of LSMDI is appreciated internationally in the
economic development, science and technology, and health care realms.

Industry Characteristics
The Industry includes elements of both life sciences and medical devices, although there
is not a widely accepted definition of what sectors and occupations are included in it.
This is because there are so many sectors in the economy that benefit from using and
developing life sciences and medical devices. Life sciences include applications such as
pharmaceuticals and related products; research, testing, and production using bioreactors
and similar devices; environmental research and applications using advanced
biotechnology theories and techniques; and modification of plants and animals using
advanced life science technologies. Medical devices include any instrument, apparatus,
implement, machine, contrivance, implant, in vitro reagent, or other similar related
article, including any component, part, or accessory that is: recognized in the official
National Formulary, or the United States Pharmacopoeia; intended for use in the
diagnosis of disease or other conditions, or in the cure, mitigation, treatment, or
prevention of disease in humans or animals, or intended to affect the structure or any
function of the body of humans or animals, and which does not achieve any of its
principal intended purposes through chemical action within or on the body of humans or
other animals, and which is not dependent on being metabolized for the achievement of
any of its principal intended purposes. Some major medical device products include
surgical and medical instruments, orthopedic devices, surgical supplies, diagnostic
reagents, electromedical equipment, imaging equipment, and dental equipment.
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Using the biotechnology terminology, Mothe and Niosi developed taxonomy of the
Industry, which includes the following major categories (like most major taxonomies,
each encompassing a multitude of sub-categories) (54-56):
•
•
•
•
•
•
•

Plant biotechnology
Animal biotechnology
Environmental biotechnology
Industrial biotechnology (food and non-food production)
Developments of human/veterinary diagnostic and therapeutic systems
Development of basic biotechnology (research and applied uses)
Non-technical areas of biotechnology (impacts, linkages, and regulation)

This taxonomy points to the broad scope and potential of the applications associated with
merely the life science piece of LSMDI. Including the medical devices elements, the
Industry’s scope greatly increases and presents clear economic and social promise.
LSMDI produces goods and services for both the medical and non-medical markets. The
medical market includes human therapeutics and human diagnostics as well as
applications in veterinary medicine. Non-medical markets encompass both agriculture
and industrial applications. The majority of firms in the Industry within the United States
are pursuing the medical market—it is estimated that a little under one-half of the firms
focus on therapeutics and diagnostics. Figures show that in excess of 300 million people
in the world have benefited from the more than 155 drugs and vaccines approved by the
Food and Drug Administration produced by LSMDI (Biotechnology Industry Association
3). The majority of the medicines on the market were approved within the last five to ten
years. Presently, the bulk of the Industry’s market is derived from the sales of large
companies, including Amgen, Genentech, and Genzyme, with such products as
erythropoietin, interferon, and insulin.
The economic activities related to technology, including LSMDI, are replacing traditional
elements of the economy as sustainable job creation models and center on three key
metrics—higher wages; reliance upon university and higher education institutions for
intellectual capacity; and leveraging intellectual property for broader societal benefit
(King & Seline 39). The avenues through which knowledge generators contribute to
LSMDI have not changed over time despite the diffusion of technology and growth of the
performance and scope of the Industry. Key avenues include scientific leadership,
workforce, scientific research, and technology transfer.
LSMDI has demonstrated strength and stability. The Industry has continued to grow in
many areas experiencing times of recession (such as California and Washington). This is
generally attributed to demographic trends, growing markets, and the creation of new
drugs and devices. While the extent of the Industry’s economic performance is becoming
clearer, the scope of the economic aspects of the Industry is often misunderstood.
Although the Industry has shown the capacity for sustained growth and has seen some
restructuring, firms in the Industry are typically not among the largest employers in their
respective region. It is important to note that small firms may become medium and large
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firms in the future; thus providing greater economic benefits. In their survey of the
biotechnology industry, the Department of Commerce found that firms placed themselves
in over 60 formal industry classifications; however, the majority indicated that they
perform scientific research and development services or pharmaceutical and medicine
manufacturing. This shows that while the scope of the Industry activities is large, the
Industry is primarily driven by research and medical activities. In addition, most of the
firms in the Industry contract or form collaborations with the larger firms to produce,
market, and distribute their proven products. The small and medium firms often do not
try to create the capacity within their own organization to perform these activities. Many
companies’ short term business strategies primarily focus on “… developing technologies
that can be licensed to other companies” (U.S. Department of Commerce 94). This
relationship may result in the purchase of a new technology or an entire company.
Despite the misunderstandings of economic scope, the importance of the Industry to the
current economy is evident in areas such as the existence of large national industry
organizations (BIO, for example), the creation of a stock index (American Stock
Exchange Biotech Index), and the large amount of regulatory carryover. BIO assesses
that the total value of publicly traded Life Sciences and Medical Devices companies at
market price was $206 billion as of mid-spring of 2003—from 1992 to 2001 revenues
have increased from $8 billion to $34.8 billion (3).
Research and development activities are the main drivers for LSMDI. Research capacity
in both the medical and non-medical facets of the Industry are required to produce the
majority of goods and services that come out of the Industry. Research is the key to most
industries creating new technologies, and LSMDI makes use of some of the highest levels
of research from a broad range of disciplines. The most important bases of research are
public and private universities with research capabilities. In addition to the traditional
academic institutions, medical schools, teaching hospitals, and veterinary schools also
provide a strong research foundation for the medical aspects of the Industry. Companies
with strong research and development divisions and stand-alone research institutions also
provide the capacity necessary for LSMDI. All of these points of research allow for new
scientific discoveries, innovative practical applications, and product testing and
development. While research capacity is important, the ability to convert research into
successful commercial activity is critical for the success of LSMDI and the companies
within it. Many intangible aspects foster commercialization including an entrepreneurial
environment and regional leadership; however, other mechanisms such as research parks,
technology transfer institutions, and incubators cultivate the expertise necessary for the
successful transfer of basic research to product commercialization.
Often indicated as the most serious barrier to advancement, continuous access to capital
is one of the main components to success in LSMDI. Research and development is an
expensive process, and companies often cannot sustain themselves financially until a
product has made its way to market. Funding derives from a variety of sources, both
public and private, but venture capital is typically seen as the most important facet of
funding. Cortright & Mayer site the flow of venture capital as the missing key ingredient
in many regions hoping to develop a sustainable LSMDI (35). This demonstrates that
access to venture capital is primarily dependent upon the presence of or proximity to
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venture capital firms. Further, this highlights an important issue—venture capital firms
are concentrated in the regions with mature Life Sciences and Medical Devices
industries. The lack of local venture funding is often perceived as a regional weakness,
presenting a unique dichotomy where venture funds follow ideas worth investing in, but
innovations worth funding may not develop in a region without venture capital. Investors
look specifically at financials, products/pipeline, management, alliances and partnerships,
patents, scientific aspects (publications, conferences, knowledge, etc.), stock trends,
research/development/production phase, and competition (Abate, Investment Checklist).
The attractiveness of Life Sciences and Medical Devices firms to investors and the
availability of capital for firms has demonstrated a volatile trend. Funding is difficult for
all firms to obtain regardless of location; however, those in close proximity to investors
have an obvious advantage. The Industry is generally seen as one of the “… next high
growth area of the economy and hence the flow of investment and interest into the sector
has and continues to remain relatively active, although the investment risks are
considered to be quite high” (Mallen, Rees, & Titcombe 7).
Scientists account for the majority of occupations (highly educated components of the
workforce) employed by Life Sciences and Medical Devices firms—other occupations
include laboratory technicians, engineers, and computer specialists.
To recruit
employees, companies depend on local labor markets and have a low reliance on
outsourcing or contracting to meet their direct workforce needs. This shows that access
to a highly skilled workforce is critical for all aspects of the Industry. Many successful
regions possess a high-level labor force due to the educational institutions, the quality of
life, and the high technology foundation. These regions have relatively high educational
attainment levels and an occupational composition with a large proportion of occupations
requiring higher education. Firms in the Industry take advantage of these characteristics
of the local labor market.
LSMDI faces a variety of regulatory requirements simply due to the range of activities
(from research to manufacturing) and the use of the products (often affecting human
health). This regulatory environment creates high costs for the Industry both in terms of
the resources necessary to comply and adjustments that are necessary in the approval and
production of new products. Firms must meet regulatory requirements, which constitute
a cost burden while delivering relatively cost-effective products and services. There is a
general challenge in the public perception of biotechnology and the precautionary
principle inherent in the national regulatory structure. Firms must demonstrate the safety
of the products or services before exposing it to the population. This affects regulatory
aspects nationally and internationally (for example, food safety and labeling, pesticide
use, environmental impacts, genetic research, and drug safety and effectiveness).
Alternatively, the environment indirectly presents opportunities for firms to develop
products that meet or exceed regulatory requirements and the public’s inherent safety
preferences. The Industry ultimately depends on transparent and timely regulatory
regimes.
There are two other aspects that are important to the general Industry which are typical
requirements for the success of any industry. First, firms must have access to appropriate
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commercial real estate or space. In the Industry, this often encompasses specialized
facilities and equipment (for instance, wet laboratory space). Second, a stable and
supportive public policy structure enables firms in LSMDI to realize their full potential.
Issues such as tax structures and incentives as well as research and development funding
and policies are keys to a supportive policy structure. Before industry products become
available to the market, it goes through a research and development phase (or knowledge
phase) and then on to the manufacturing or production phase. These two phases can
combine for a total of between five and 12 years of total product development time for
products like pharmaceuticals.
While research, technological diffusion, and
technological development all interact, they are influenced by an underlying system
encompassing the research, financial, regulatory, distribution, and production
frameworks. These system pieces have been the clear focus points for policy and
economic development and illustrate the underlying attributes that most literature shows
are essential to the Industry. In this system, there is the ability to promote some
technological change through policy. Some policies that have proven successful include
research programs and funding; infrastructure improvements; tax structures and
incentives; institutions that harness interaction between firms, finance, research, and
regional leaders; patent systems (key aspect of profitable companies); and legal drug
prices and controls (the Orphan Drug Act is an important example).

Clustering
Much of the literature indicates that clustering is a necessity in sustaining LSMDI. (The
cluster concept is discussed more in-depth in the Economic Concepts and Unique
Approaches section of this report). An educated workforce and access to capital
characterize clusters in LSMDI. The top two traditionally accepted clusters in the United
States, San Francisco and Boston, have a high-technology foundation. Additionally, they
are home to some of the nation’s top research institutions. Many regions have high
quality research institutions, but to create a Life Sciences and Medical Devices cluster, it
takes commercial success and the leadership of large companies. Further, clusters
contain supplier firms for experiments and other research and development activities
(chemicals, instruments, trials, etc.). Some mature companies in the developed clusters
have exhibited a shift from comprehensive firms to fundamental focuses—they drop the
production of inputs such as chemicals, concentrate on life sciences, and receive inputs
from suppliers. Abate suggests “being in the thick of things makes it easier to recruit
talent. On the other hand, salaries and other costs of doing business also tend to be
higher in the congested areas, and start-ups in out-of-the-way places like to tout their
quality of life advantages” (216). Firms outside the developed clusters must take
advantage of their specialization or quality of life since they inherently face extra barriers
to success that those inside developed clusters can easily overcome. Cortright and Mayer
also point out that there is “… little evidence that that biotech firms move from place to
place” (35). This demonstrates the extent of the draw and advantages present in clusters.
Regions are aggressively investing in LSMDI to stimulate job creation, corporate growth,
manufacturing, research, venture capital, and tax revenues. Many major urban regions of
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the world are developing a strategy around the Industry. In the United States there are
over 40 metropolitan areas that are currently working to improve their LSMDI business
environment, yet there are currently only nine regions that are considered true industry
clusters—these nine areas account for three-fourths of the nation’s industry activity
(Cortright & Mayer 3). LSMDI is knowledge intensive and inherently highly
concentrated in areas around universities, colleges, and science parks. Clusters are strong
since firms are so concentrated around education and research. Markets and key
institutions in the innovative infrastructure are often found at the same locations (Osthol
& Lembke 21).
Traditionally, existing clusters and regions wishing to promote the Industry generally
have, or look for, certain key characteristics to ensure success. One of these is the
existence of medical research facilities, usually located at universities. Among the top
nine cluster regions, research funding from the National Institutes of Health (NIH) is
extremely high (Cortright & Mayer 11). Another traditionally accepted key for the
success of an industry region is the availability of venture capital for new industry
businesses. The top nine LSMDI regions in the nation account for the majority of the
nation’s venture capital activities within the Industry (Cortright & Mayer 12). The reason
for this sort of industry monopoly by a few metropolitan areas in the United States is
similar to the success that the San Francisco area enjoyed in the computer industry.
A large number of research, development, and manufacturing companies and institutions
are located within these top clusters. The workforce in these areas, including
professionals and managers, who work directly in or support the Industry are also
concentrated in the area. Financial organizations, which are specialized in LSMDI,
including investors, are also densely dispersed within these regions. This combination of
factors results in a region, or cluster, that sustains and supports itself financially. Growth
occurs because the cluster draws new workers and companies from elsewhere with a lure
of high concentrations of companies in the same industry, and also with higher
expectations of gaining venture capital investment (Monroe, Craft, & Hutton 18).

Changes in the Industry
As LSMDI matures it is experiencing economic restructuring which is bringing in new
and different activities as well as forcing regions and companies to explore different
economic models. Monroe, Craft, and Hutton have noted that “over the past five years as
the diversity of biotechnology applications has expanded, major pharmaceutical,
agriculture and food companies have downsized their internal [research and
development] operations in favor of selectively supporting outsourced efforts” (8).
Companies are developing cost-effective research and development alliances with
emerging, innovative companies.
With the increase of products in the market, a contrast is emerging between “… where
biotechnology and bioscience firms are spawned… and where they grow into
adulthood…” (Devol 88). Mature firms are beginning to focus more on clinical testing
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and production and less on research. This forces firms to assess locational advantages
related to manufacturing and emphasize operational sustainability. Younger firms focus
on research and development. Their focus on locational attributes places greater
emphasis on finance and clustering, noting resource infrastructure. Regions with
locational advantages in both operational sustainability and resource infrastructure have
an edge in both the current and future elements of the Life Science and Medical Devices
industry. Typically, industry clusters are slightly unbalanced only providing one set of
locational attributes. It is becoming evident that “if you develop young firms, but lose
them when they mature, some other region gets the wealth. On the other hand, if you
excel only in biotechnology manufacturing, you will not attract the highly skilled and
highly compensated scientists and researchers who provide a large multiplier impact on a
regional economy” (Devol 89).
The Industry is experiencing influences that are both enhancing the clustering effect and
disaggregating the clustering of firms. As companies mature, they may locate specific
functions in different places including general operations, research, and manufacturing.
With this shift, headquarters and core operations typically remain in the core regions.
Other operations become strategically located based on a set of firm-specific locational
decisions—the reach of companies includes other locations nationally and internationally.
It is becoming increasingly difficult to locate facilities, expanding its operations, near
core centers of research. There continues to be a desire to remain close to core research
and institutions for all functions; however, this places restrictions on the locational
possibilities and types of space that can be occupied for expanding operations. Another
driver in this process is the fact that research and manufacturing facilities must comply
with regulations beyond the typical planning and building regulations. When more “…
biopharmaceuticals and other products of biotechnology move from the laboratory to the
marketplace, the demand for biomanufacturing capacity may outpace supply” (North
Carolina Biotechnology Center).
Emerging regions have begun to leverage proximity and relationships with developed
regions. They are stressing the mutually beneficial arrangement with neighboring regions
and draw on their resources when convenient. Areas with potential for innovation are
“… being nurtured by increased planning and investment on the part of local, regional,
and national governments…” producing an increased competitive environment where
established regions will have to concentrate on maintaining their advantage and emerging
regions will have to develop unique approaches to gain an advantage (Taking Action for
Tomorrow xv). This situation is fostering domestic and international rivalries for
LSMDI.
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Future of the Industry
The potential benefits of the Industry will be important, but the Industry generates
economic impacts despite the infancy of many essential technologies and firms. Even
Life Sciences and Medical Devices companies “… that have yet to bring a product to
market contribute to national income by engaging in research and development and
purchasing inputs from companies such as contract research organizations and equipment
manufacturers” (Ernst & Young 3). Throughout the cycle of economic activities,
workers purchase goods and services in the general economy, and tax revenues for local,
state, and federal government are generated from a variety of tax forms. Based on a
definition limited to companies primarily engaged in biotechnology activities (use of
cellular and molecular processes), Ernst & Young estimate that the biotech industry has
an employment multiplier of 2.9, which is larger than many other high tech industries (5).
This means that for every employee added to the Industry, 1.9 more are generated in
linked sectors and consumer purchasing activities. These industry contributions
demonstrate the economic potential of the Industry despite the generally small scope of
direct employment. Further, Ernst & Young believes “the biotechnology industry’s
economic and fiscal contributions should increase in pace with the expected contributions
of biotechnology to the human sciences, agricultural production, and environmental
quality” (8). Moreover, a major biotech investment firm, Burrill & Company, believes
that the Industry fundamentals are strong, including a deep product pipeline,
improvements in the regulatory environment, revenue growth, increases in healthcare
spending, and strategic alliances with big companies.
The Department of Commerce believes that “no new area of science and technology
holds greater promise or potential than biotechnology” (vii). Areas such as human health,
animal health, food production, energy, environment, and homeland defense present
some of the greatest opportunities for LSMDI. An annual average growth rate of ten to
15 percent has been attributed to the Industry and is expected to continue into the future.
The aging of the population creates a sustained demand and need for the Industry to
address medical requirements with innovative products and services. A survey conducted
by the Department of Commerce found that a large proportion of firms in LSMDI expect
competitive prospects for their business to improve over the next few years,
demonstrating the future potential of the overall industry. In addition, growth in the core
regions is expected to continue as new industry discoveries move from research and
development to manufacturing.
As firms mature, occupational demands may shift with the anticipated increase in the
movement from research to verification and development and on to commercialization.
This shift will place increasing requirements on both a scientific and highly educated
workforce along with manufacturing, management, operational, and administrative
employees. A new grouping of occupational categories and the related training and skills
are added as companies mature, and regions that hope to foster LSMDI growth must
provide opportunities for the labor force to meet the changing demands. Employees may
need to perform specific activities which include research and development, production,
quality control, marketing, management, administrative and clerical, regulatory and legal.

Sacramento Regional Research Institute

A-9

APPENDIX A—LITERATURE REVIEW
Some of these activities may present outsourcing potential to other mature regions with
strong service sectors. Creating a nexus between research and development, regulatory
issues, manufacturing, and marketing is a unique business and management task. Life
Sciences and Medical Devices companies will further demonstrate their characteristic of
a hybrid of business and science in the future.

California Context
The San Francisco region is typically seen as one of the founding areas for the current
LSMDI. The Industry has since spread to other areas of California, such as San Diego.
The state offers a variety of advantages for the overall industry. One of the key
advantages is the educational institutions in the state ranging from private universities to
the public education system. California is characterized by “… world-class universities
and the critical mass of talent and support industries…” (Pollak 3). The University of
California (UC) system is a key driver for LSMDI in California as it relates to education.
The system’s critical linkages project demonstrated that one in three Life Sciences and
Medical Devices firms were founded within 35 miles of a UC campus. Additionally, the
project found that 85 percent of the Industry firms in California employ UC alumni with
graduate degrees. Further, UC identified a critical linkage in that one in four Life
Sciences and Medical Devices firms was started by UC scientists (Mothe & Niosi 121).
In addition to the critical linkages, the UC system has set up Institutes for Science and
Innovation including the Institute for Bioengineering, Biotechnology, and Quantitative
Biomedical Research which has three offices in the San Francisco region. The UC
system has also implemented the UC BioSTAR program which links California
businesses to UC scientists in agriculture, biomaterials, medicine, engineering, veterinary
science, and environmental and marine sciences. The other major public university
system in the state, California State University, has also developed key programs such as
CSUPERB which funds joint ventures between university research and Life Sciences and
Medical Devices companies.
On a national comparative basis, California has the most number of Life Sciences and
Medical Devices firms. It makes up the largest share of the national total (U.S.
Department of Commerce 14). Capital investment is also a major attribute in the state
and is characterized by relatively high levels of activity in venture capital, business
angels (private or informal investors who typically invest in small and medium sized
businesses), Regional Technology Alliances, and the Industry investment arm of the
California Public Employee Retirement System. The state also has a strong foundation in
the agriculture industry with developed leadership, innovation, and technology attributes.
Despite its strong advantages relative to the rest of the nation in LSMDI, there are several
barriers to growth that are specific to California including cost of living, cost of
commercial real estate and land, and a lack of an appropriately skilled workforce in many
areas. Companies face the challenge of rapid commercialization and manufacturing once
their product is ready for market transition or demand takes off. Often firms cannot make
a quick transition due to the lack of institutional knowledge in manufacturing, marketing,
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and distribution.
Additionally, there are issues whether cost factors and the
commercialization process will force companies out of established regions in California
to other areas in the state, nation, and world. The lack of affordable manufacturing
capacity and related manufacturing aspects such as quality control requirements and a
high-level manufacturing workforce place barriers on companies. There has already been
evidence of shifts to other regions and other states—companies are beginning to shift
some operations to outlying areas such as the Vallejo-Fairfield-Napa region in search of
lower costs and potential locational incentives. The outlying areas are typically in close
proximity to core Life Sciences and Medical Devices regions and can take advantage of
the research and development, finance, and support function in the core regions. This
behavior is seen most in mature firms, while start-up and emerging firms take advantage
of the critical mass of necessary attributes in core regions. Further, “California biotech
clusters currently identify workforce development as fundamental to economic and
commercial success,” and improvements in the scale and quality of education and
training are high priorities in the future success of the Industry (Select Committee on
Biotechnology 6). Additional challenges that impact costs and desirability of doing
business in the state include perceptions of the business climate, infrastructure quality
and development, quality of life (for instance, housing costs, traffic, and education), and
the state’s fiscal situation.

Conclusion
While most of the literature related to LSMDI addresses the life sciences or
biotechnology aspects (new science), the development of both life sciences and medical
devices applications seem to be coming well-connected in the essential elements. The
typically held view illustrates that the Industry clearly relies on the presence of research
universities, research and development activities, capital funding streams, and a highskilled labor market. These elements foster growth in the Industry and appear to be
concentrated in a few key regions throughout the nation. Despite this limited
concentration of necessary growth elements and firms, the Industry has experienced and
is projected to continue to see strong economic growth, especially with the increasing
demand for the goods and services produced by the Industry. As the Industry matures
and more products enter the market, new and increased activities are beginning to place
constraints on the core industry regions. Firms need the capabilities to address needs
ranging from continued research and development to mass production, including the
related real estate, workforce, and supporting industry elements. This opens the door for
the Industry to expand into regions that currently are not known as core LSMDI areas if
they offer attributes that are important to the changing structure of the Industry.
California, typically viewed as one of the most important states for LSMDI, has a number
of inherent advantages. It is, however, facing the effects of the changing structure of the
Industry and companies are facing barriers to growth in the state, especially due to cost
and workforce needs.
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