








Part 2. The Changing Global Landscape

Is the United States Experiencing “Reverse Brain Drain”?

The excellent scientific training available at U.S. universities continues to attract
the best and brightest students from around the world. But after their education

is complete, the U.S. only benefits if they stay to work here. This talent pool is
immensely valuable: More than half of the engineering and technology companies
started in Silicon Valley and a quarter of those started nationwide from 1995 to
2006 had immigrant founders. But in recent years, even highly specialized
scientists have found it difficult to obtain work visas in the United States, while

the opportunities in their home countries are growing more tempting.'*°

According to the Bureau of Labor Statistics, there were 205,000 biomedical scientists
at work in the U.S. in 2008 (not including technicians). Approximately 2,500 faculty
members at U.S. research universities were native Chinese, as were approximately
10 to 20 percent of scientists working in U.S. pharmaceutical and biotech firms.

But that doesn’t mean that the United States can bank on retaining their skills over
the long term: Many of these scientists trained in the U.S. but are now leveraging
their experience to establish startups and research laboratories in mainland China,
drawing on their knowledge of the U.S. industry model.’®’

Observers are beginning to notice a trend of “reverse brain drain”: U.S. businesses
are no longer the overwhelming long-term destination of choice for the global
talent pool. In many cases, workers with valuable skills get their initial training with
U.S. universities and companies, then take that experience back to their home
countries to bolster U.S. competitors. The United States will need to address its
immigration rules for highly skilled workers in order to stem these losses.

In fact, it's not even a given that the best foreign students will always continue
to come to the United States for academic training. Several of the world's top
universities in the life sciences are establishing campuses in Asia, especially in
Singapore.'*? India, too, is debating whether to ease the process of establishing
foreign university campuses.'** One day soon, the foreign students who have
traditionally flocked to U.S. universities may be able to obtain a comparable
education in their home countries.

But changes in immigration policy alone will not fully address the issue of human
capital development in the U.S. There also needs to be a renewed commitment
to developing homegrown talent by making STEM education a major priority,
from K-12 through post-graduate study. A 2010 collaborative study by the
National Academy of Sciences, the National Academy of Engineering, and

the Institute of Medicine showed that U.S. undergraduate students in natural
sciences and engineering constituted 16 percent of their respective institutions’
enrollment. This stands in sharp contrast with China (47 percent), South Korea
(38 percent), and France (27 percent).”* The U.S. needs bolder steps to encourage
students to embrace these fields and excel.

More than half of
the engineering
and technology
companies started
in Silicon Valley and
a quarter of those
started nationwide
from 1995 to 2006
had immigrant
founders.
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top-notch research institutions and long-established pharmaceutical and chemical industries, German R&D had
historically been concentrated in manufacturing industries such as automobiles, electronic equipment, and
industrial chemicals. While the German Research Center for Biotechnology was created in the 1970s, it wasn't
until the 1993 Genetic Engineering Act that regulatory hurdles were reduced.'** The launch of the BioRegion
competition in 1995 and Germany'’s version of the Bayh-Dole Act in 1999 promoted commercialization of
university research, and helped foster biomedical concentrations around Munich, the Rhein/Neckar Triangle and
Rheinland.’ By 2004, Garching Innovation GmbH (the technology transfer company of the Max Planck Society)
ranked third in the world in research expenditures.’*” Looking forward, Germany’s High-Tech Strategy 2020
seeks to facilitate closer ties between academia and industry, thereby enhancing the biopharmaceutical sector’s
competitiveness, though negative reimbursement policies could hinder the growth potential.

Compared to the long-established mechanisms in the U.S., Japan was relatively late to the game in facilitating
university technology transfer. Japan’s Law for Promoting University-Industry Technology Transfer was passed

in 1998, enabling the establishment of Technology Licensing Offices (TLOs)." The University of Tokyo, Nihon
University, Kansai OTT (jointly constituted by Kyoto and Ritsumeikan Universities, among others), and Tohoku
Technoarch Co. (constituting Tohoku University and other universities in the Tohoku region) received approvals
for the first four offices of technology transfer.”* However, the Japan Patent Office is one of the three patent offices
in the world™® forming the Trilateral Patent Offices that support global innovation. Japan now has an extensive
network of small- and medium-sized firms that are attractive for larger firms seeking to invest in niche areas.

A Changing Landscape for Approvals and Clinical Trials

The U.S. approval process for drugs and devices (which is governed by the FDA and described more fully in Part
1) has long been considered the world’s gold standard. In the 1990s and beyond, the FDA successfully reduced
the time needed for testing and approving new therapies. The total average clinical time dropped 10 percent
from 1992 through 2007, even as trials became more complex, while average approval time declined almost
60 percent." This had a positive effect on innovation: Between 1997 and 2007, U.S. firms nearly accounted for
40 percent of all FDA approvals and slightly over 35 percent of all drugs approved by the EMA."?The clarity and
efficiency of the process encouraged firms to develop new products here.

But the FDA has recently become more risk averse, and increasing levels of complexity and rigidity have been
introduced into the system. According to a study by the Tufts Center for the Study of Drug Development, unique
procedures per protocol increased by 6.5 percent between 1999 and 2005. Clinical trials conducted 2003 and 2006
were 69.6 percent longer than those held between 1999 and 2002. This translates to an extension of 460 to 780 days.
As a result, the system has become less efficient and less effective.’** A more recent report by the same Tufts center
found that the median number of procedures per clinical trial increased by 49 percent between the periods 2000-
2003 and 2004-2007, with a corresponding increase in total work burden per protocol by 54 percent. Volunteer
enrollment and retention decreased by 21 and 30 percent respectively between the same periods.™*

The U.S. approval process tends to be rigid. In the current system, clinical trials require the use of consistent
methods, including statistical tests and sample sizes, and preliminary information is kept “blinded” until testing

is complete. Given the length of clinical trials, it is common for researchers to discover new developments that
could alter the original methods and promote better and faster results. (For example, researchers might discover
midway through testing that a different dosage would be more effective.)'* But they are hampered from chang-
ing parameters midway through the process. Today there is a growing call for “adaptive trials” that can potentially
increase efficiency and effectiveness by allowing for mid-course adjustments. This approach may be



Part 2. The Changing Global Landscape

especially beneficial when there is high uncertainty

involved in the earlier stages, thereby increasing the Today there is a growing call for

success of Phase Il trials." This may be applicable to "adaptive trials” that can potentially
novel therapeutics, diagnostics and devices that have increase efficiency and effectiveness by
limited prior data and relevant literature for reference. aIIowing for mid-course adjustments.

However, adaptive trials and more flexible practices
have yet to be adopted in the U.S.

In particular, the advent of personalized medicine cannot be fully realized until the FDA becomes better
prepared to deal with the unique challenges of evaluating these treatments and establishes a more tailored
approval process. The rigid system currently in place is particularly ill-suited to efficiently evaluate personalized
treatments, and may slow innovation in this field.

[llustrating its recent culture of regulatory caution, the U.S. has missed an opportunity (allowed under the FDA
Modernization Act of 1997) to speed up approvals for drugs that treat severe illnesses, insisting instead on larger,
longer trials. The FDA has also rejected some drugs that have won approval in Europe.’’

Eighty-two innovative drugs, including treatments for ovarian and bone cancer, were submitted for approval in
both the U.S. and Europe between 2006 and 2009, but 11 were approved only in Europe. This reflects the greater
willingness of other countries to undertake risks in view of the potential benefits. Pirfenidone, for example, is

a drug that targets idiopathic pulmonary fibrosis. While the drug was rejected by the FDA, it was available in
Japan in 2008 and Europe recently approved it as well."® If the FDA becomes notably more stringent than its
international counterparts, it may open the door for foreign markets to capture greater investment.

Looking at the geographic concentration of clinical trials provides a general snapshot of the innovative activity
taking place in a given region. As of May 2011, the U.S. was far and away the leader in hosting clinical trials, with
54,063 under way. Europe had 27,240, while Japan had 1,840.*° Normalizing these numbers by population, the
U.S. has approximately 174 clinical trials per million people. Europe has 37 and Japan has 15 per million people.’°

Innovation is the driver of ultimate market success, and the U.S. originated more than half of the leading 75 global
medicines (or new active substances as measured by worldwide sales) in 2009.™' Clinical trials are a critical step
in that process as well as a benchmark that reflects the degree of innovation taking place in a given location.

As of early 2011, 50.9 percent of all clinical trials in the world were being held in the U.S.’?> Despite the size of its
clinical capacity, the average relative annual growth in the U.S. declined by 6.5 percent between 2002 and 2006.
Meanwhile, trial growth, particularly among emerging nations, outpaced the U.S. during that time. In countries
like China and India, average relative annual growth increased by 47 percent and nearly 20 percent, respectively.'>?

However, the balance is changing. Other nations, particularly in Asia, are developing the expertise to conduct
efficient and cost-effective clinical trials—a trend that is increasingly catching the attention of firms and
investors. China and India, for instance, increased their global share of clinical trials three-fold between 2000
and 2006. In 2010, China had 298 drugs in development while India had 219.'*

Clinical trials are a lengthy and expensive step in the U.S., but other countries are finding ways to make trials
faster and more cost-effective. As shown below, emerging markets such as China and India can conduct
clinical trials for about half the cost of those in the U.S. Russia is even more cost-effective and offers experienced
researchers trained in “Good Clinical Practice” standards set by the International Conference on Harmonization.
In Russia, 8,000 (or 1 in 86) physicians are involved in clinical trials.'*
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Figure 8: Clinical trial costs
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In addition to cost advantages, these emerging nations also have vast populations that make it faster and
easier to enroll the required number of patients in a trial. According to the Association of Clinical Research
Organizations, completely enrolling patients in a phase Il clinical trial for a cancer treatment would take almost
six years in the U.S. However, if companies have access to a global pool of patients, the process could be cut to
less than two years."’

These new international options for clinical trials pose clear benefits to U.S. firms: They can conduct some
portions of their testing overseas, reducing their time and costs while gaining valuable knowledge about how
to adjust their compounds as they move through the U.S. approval process. An estimated 40 to 65 percent of
clinical trials that investigate FDA-regulated products are conducted outside the U.S., '*® although many of these
trials are for comparative purposes.

But taking a longer view, this trend raises a cautionary flag for U.S. competitiveness. Clinical trials require
scientific staff, and as other nations develop this specialty, they are amassing high-value experts, infrastructure,
and technical capacity. U.S. firms will increasingly have to fight for their share of a finite pool of global talent and
investment dollars, and the U.S. economy may lose high-wage jobs. In 1997, according to the Tufts Center for
the Study of Drug Development, about 86 percent of FDA-registered principal investigators were based in the
United States, but by 2007, that was down to only about 54 percent.'®

While the U.S. and Europe went unchallenged for many years as the sought-after locations for clinical trials,
China is increasingly positioning itself as a viable competitor.'®® China has focused on speed and efficiency in
clinical trials in an effort to attract collaborations with multinational firms. (However, foreign firms typically need
to team up with local partners that have extensive operational knowledge and good working relationships with
regulators in order to be successful.) Such collaborations speed outside firms'access to the China market and are
quickly strengthening China’s own scientific and technical capacity.

To become a full-fledged player in the global market, China is imposing new industry standards. China’s

State Food and Drug Administration (SFDA) had previously developed its own guidelines, but recently it

has been bringing its regulatory process into better alignment with FDA procedures, which are considered
44 the international standard. In 2007, the SFDA amended the Administration of Drug Registration to facilitate
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collective decision-making on clinical trial approvals, thereby enhancing the rigor of clinical trials. In addition,
this change empowers the SFDA to inspect facilities conducting clinical trials and drug manufacturing. These
inspections seek to ensure the authenticity, accuracy and completeness of the process, thereby promising better
quality drugs that conform to international standards.’®’

Shifting our focus to the other large rising Asian economy, India was long considered too burdened with
cumbersome regulation to be a viable setting for clinical trials. But in 2005, the Indian government brought
its requlatory framework into better alignment with FDA and International Conference on Harmonization
standards.’®

Given its cost structure, its ability to facilitate timely patient recruitment, and its skilled English-speaking workforce,
India is becoming an attractive destination for clinical trials.’* A McKinsey study projects that by 2013, almost 3,000
clinical trials that conform to “Good Clinical Practices” will be conducted in India annually. Accordingly, substantially
more investigators and professionals will gravitate there to support the R&D process.'** Some of the world’s largest
multinational biopharma companies are establishing clinical research capabilities in India.

In 2007, India eliminated its 12 percent service tax on R&D functions involving the development of new chemical
entities. It also did away with import duties on investigational drugs. In addition, India has streamlined the
import and export licensing process for study drugs and biological study materials as well as the clinical trials
application and approval process, trimming months from the regulatory timeline.'®® Regulatory changes now
allow for multicenter and multicountry trials if parallel trials are conducted in the U.S., the U.K,, Switzerland,
Australia, Canada, Germany, South Africa, or Japan.'®

Despite the benefits offered by both China and India as a site for trials, testing and marketing products there
also poses some hurdles for multinationals, including various regulatory barriers, the uncertainty of intellectual
property protection, and negative pricing and reimbursement policies. All in all, European multinationals are
still relocating or establishing R&D operation and sales centers in the United States, which has more robust
biomedical clusters, the most lucrative drug market, and a fair IP system.

But the rise of China and India is a story that’s still being written, and the U.S. industry and policymakers will have
to adjust accordingly to retain significant global market share in biomedical R&D moving forward. The innovation
capacities of these two giants—as well as other emerging nations—continue to gain in sophistication and maturity.

China’s Changing Stance on IP Protection

For many years, multinational firms have been vexed by intellectual Ch Inese O]C'FICI a |S
property infringement in China. Patent laws were nonexistent until recently, intra d e ta | I(S

with multiple cases of reverse engineering, copying, and counterfeiting . .

drugs. But coming into line with international standards will enhance Wlth th S U n |ted
China’s global business, and there are signs that the government is ready Stateg P | edg ed

to ready to enforce stricter protections, particularly with regard to drug

manufacturing.'®” In 2006, a Chinese court ruling upheld Pfizer's patent of 9 reater vi gl | ance

Viagra in a lawsuit against Chinese manufacturers of generics, sending a N Cracki ng dOWﬂ

reassuring signal to foreign companies.'®® And at the end of 2010, Chinese on Vvio | ations O'F
officials in trade talks with the United States pledged greater vigilance in .

cracking down on violations of IP rights.'® If the government successfully 1P ri g htS.
follows through in this area in the years to come, it should set the stage for

more international firms to enter the Chinese market.

Q.
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Global R&D Expenditures

Around the world, governments recognize the economic value of the biomedical industry and have targeted
significant spending in this area to boost innovation and nurture local firms.

In Europe, the Innovative Medicines Initiative (IMI) was founded as a public-private partnership between the
European Union and the European Federation of Pharmaceutical Industries and Associations, an industry group.
With a budget of US$2.7 billion, the IMI seeks to overcome bottlenecks in the drug development process, en-
hancing the continent’s competitiveness in pharmaceutical research and building a more collaborative ecosys-
tem. It focuses on building networks of industrial and academic experts in Europe and supporting joint research
projects that improve safety and efficacy, knowledge management, and education and training.'”

Singapore: Innovation as a National Priority

It may be a tiny island nation with a population of only 5 million, but Sin gapore IS
Singapore is staking a claim as a global incubator of innovation. In sta |<| ng a C| aim as
2009, it was ranked No. 1 in the world for innovation leadership in an .
index compiled by the Boston Consulting Group (the United States, a g |O ba | INCu bato r
interestingly enough, came in 8th).””" More than half the first degrees of innovation.
(equivalent to bachelor’s degrees) awarded in Singapore were in science
and engineering.'”?

Singapore has quickly raised its profile with business-friendly policies,
a commitment to public-private collaborations, strong IP protections,
and outstanding science education. The development of its research
infrastructure has attracted top pharmaceutical companies from across
the globe. The heart of the action is the “Biopolis,” an impressive and
sprawling high-tech R&D facility that houses both corporate labs and
public research institutes in one location to encourage collaboration.

In terms of R&D capacity, Singapore has built seven research institutes
and five research consortia in key fields that include genomics, bioen-
gineering, bioimaging, and immunology. It has created Investigational
Medicine Units for early-phase trials in public hospitals and the Singapore
Clinical Research Institute, which supports later-stage trials. It has also
emerged as a major hub for manufacturing: International pharmaceutical
and biotechnology companies have invested in dozens of commercial-
scale manufacturing facilities that have been vetted by U.S. and European
regulatory authorities.

This increased scientific and technical capacity has not gone unnoticed.
More than 30 leading biomedical sciences companies have established
regional headquarters in Singapore (including Abbott, AstraZeneca,
Bayer, Bristol-Myers Squibb, Genzyme, GlaxoSmithKline, Roche, and
Sanofi-Aventis), while more than 50 companies are carrying out
biomedical R&D.'”?
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The UK. launched the Innovation Investment Fund in 2009. Its mission is to support promising technology-
based businesses, especially in this life sciences and clean tech. The government has put up US$231.8 million
and is seeking additional capital from the private sector. It hopes to create the largest technology fund in Europe,
which could be worth up to US$1.5 billion over its 12- to 15-year life.'”*

In 2010-2011, the British government will invest some US$2.63 billion in health and biomedical research, pri-
marily through the Medical Research Council and the National Institute for Health Research. The government is
supporting various stakeholders to build a US$927 million U.K. Centre for Medical Research and Innovation.'”

The British government also announced an investment of US$108 million in Engineering and Physical Sciences
Research Council (EPSRC) centers at Southampton, Loughborough, and Brunel universities, bringing researchers
and industry together to commercialize academic R&D on innovative technologies. The centers are geared
toward attracting investment and growing the medical devices industry, among other high-tech areas, with
specific focus on photonics, regenerative medicine, and liquid metals.'”

The biotech industry was a specific beneficiary of the French government’s fiscal stimulus package. France initi-
ated its Strategic Investment Fund in 2008 in an effort to support the industry as part of the government’s fiscal
stimulus package. The fund’s mission is to invest in high-growth firms, and much of the capital will find its way
into the biomedical area, potentially addressing long-standing complaints from French university startups and
spinoff firms that it is difficult to secure financing.'”” In Italy, the Italian Institute of Technology (lIT) was estab-
lished in Genoa in 2003. It focuses on multidisciplinary research emphasizing bio-nanotechnology, neuroscience,
automation, and robotics. The Italian government allocated US$40 million to the IIT in 2004, with an additional
US$80 million each year from 2005 to 2014."7®

Germany’s High-Tech Strategy 2020 aims to facilitate closer ties between academia and industry to enhance its
pharmaceutical sector’s competitiveness.'” Although no monetary figure has been given, the German pharma-
ceutical industry association VFA noted that the research strategy will focus on individualized medicine, includ-
ing new drugs for Alzheimer’s disease, diabetes, circulatory and cardiovascular diseases, cancer and age-related
chronic pain. The government will also support R&D in genome research and biology to create new therapies
and diagnostics.'®

In Scandinavia, there is Innovation Norway, a state-owned development agency that administers grants,

soft money, and loans, while Russia has initiated a 10-year national plan to develop special economic zones
for innovative biotechnology and several bioparks for biotech development.’®' In 2008, Luxembourg initiated
a strategic partnership with three renowned U.S. research institutions: the Translational Genomics Research
Institute (TGen), the Institute for Systems Biology (ISB), and the Partnership for Personalized Medicine (PPM)
to create a hub for molecular medicine.'®?

China is investing aggressively to propel its biomedical industry forward. Opened in 1996, the Beijing Pharma
and Biotech Center was launched to promote collaborations between Chinese and foreign companies. Today,

in the coastal city of Taizhou, construction continues apace on the new China Medical City, which already houses
China’s regulatory agency and hundreds of biomedical firms. When completed, it will represent an entirely new
city built specifically to cater to the pharmaceutical and biotech industries.'®

In 2008, the Chinese government approved US$1.36 billion to support biopharmaceutical R&D in the “Mega New
Drug Development Program.”'®* China’s National Development and Reform Commission initiated 20 venture capital
funds in 2009, involving seven provincial governments, with biomedical innovation as a key focus.’® China’s R&D
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expenditure was 1.2 percent of its GDP in 2009, with an annual growth of 26.5 percent between 2000 and 2007.%
In 2009, the Chinese government committed another US$9.2 billion to stimulate economic growth through new
technologies, including biotech.'®

Australia, too, has established multiple programs, including an Innovation Investment Fund, tax incentives,
government-sponsored Cooperative Research Centres, and the Global Opportunities Program, which helps
Australian biotech companies form global partnerships.’®On a regional level, the government of Queensland
has unveiled programs to support biotech spin-outs, facilitating access to early- and later-stage financing and
raising investor education and readiness.'® In 2009, the Israeli government announced a new public-private
life sciences fund to accelerate the growth of the Israeli biotech sector.' Since 2005, Malaysia has provided
US$1.4 billion in funding for biotech companies and projects; the government also established the Malaysian
Biotechnology Corporation to support R&D and the sector’s ongoing development.'’

These initiatives represent only a sampling of international efforts to claim a larger piece of the future global
biotech industry. But they are instructive to consider as the United States weighs the investments that will shore
up its research base and continue its tradition of innovation well into the future. (See Part 1 for a fuller discussion
of U.S. research funding models.)

Research and Development Incentives

In addition to public investments in research, a country’s broader R&D incentive scheme can facilitate or inhibit
innovation and private-sector investment. This set of factors includes both regulatory structures and reward
systems.'?The substantial costs of conducting R&D can be reduced by effective tax credits that encourage firms
to undertake the risks involved. Tax policies can stimulate innovation: R&D credit programs have been successful
in encouraging industry investment.'*®

In the late 1980s, the U.S. provided the highest R&D tax incentives comparatively on a global scale. But by 1996,
Spain, Australia, Canada, Denmark, the Netherlands, and France were offering more generous credits than the
U.S.The U.S. further fell to the 16th position in 2004. In 2005, 70 percent of 27 OECD countries offered R&D tax
incentives, representing a substantial increase from 50 percent in 1996."*

By 2008, the U.S. ranked 17th among OECD nations for the generosity of its credit. Japan’s R&D tax incentive,
for example, once lagged behind the U.S., but now its credit is roughly one-third more generous. The competi-
tion is not limited to developed nations. Emerging markets, too, are emulating this policy—and taking it even
further. China, India, Brazil, and Singapore now also have programs that go beyond what is offered in the U.S.
Every country that has an R&D tax incentive has expanded it during the last decade.’®

In the U.S, the alternative simplified credit (ASC) is a program that was introduced to increase the number of
companies qualifying for R&D incentives, thus making the U.S. more attractive to R&D activities. In 2009, the
ASC was increased to 14 percent'® (a 2 percent increase), as a part of H.R. 1424, the Emergency Economic
Stabilization Act of 2008."” By contrast, Ireland and Canada provide a 20 percent R&D tax credit to encourage
innovation, while France has a special program that supports a 40 percent R&D credit on relevant expenditures
exceeding the average R&D spending over the two preceding years.'*®

In the meantime, the U.S. has kept its own R&D tax credit “temporary” for decades, creating an uncertain
investment climate. As of this writing, calls to make the program permanent had not yet been successful,
despite bipartisan support for the idea. While the incentive has been periodically renewed, companies must
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contend with the possibility that it will someday

be allowed to expire, which would upend their The U.S. has kept its own R&D tax credit
investment assumptions. Most other countries “temporary” for decades, creating an
with top-tier biomedical industries have made uncertain investment climate.

it permanent, which reassures investors.

On the bright side, however, a Therapeutic Discovery Tax Credit was included in the 2010 U.S. health-care reform
law. It will bring new therapies to market faster, eventually presenting significant financial opportunities for small
biotechnology companies.

As discussed at the end of Part 1, comparatively high corporate tax rates also place the U.S. at a disadvantage.
Many competing nations have lower tax rates that make them more attractive to investments. For example, the
U.K. announced a reduction of its corporate tax from 28 percent to 26 percent in April. Over the next three years,
there are plans to further reduce the rate to 23 percent, making it 16 percentage points lower than the U.S.'*°
The growing disparity between the U.S. and other countries makes the U.S. less competitive and thus less
attractive to investments in general, including those from the biopharmaceutical industry.

Various other tax structures can also encourage innovation, as can the legal framework of invention ownership.
In the U.S., small businesses, universities, and nonprofit institutions can retain their ownership of inventions
stemming from federally funded studies.”® The legal framework encourages technology licensing, spin-offs,
and startup companies.?®!

In European Patent Office regulations, inventors get a maximum of 25 percent worth of royalties from the gross
sales by companies.?® But other nations have very different ecosystems. By way of comparison, discoveries
stemming from joint public-private company research in Japan are likely to be controlled by the firms involved.?®

The Indian government has several incentives supporting biotechnology R&D investments, including fast-track
clearance for foreign direct investment, a 100 percent rebate on privately funded R&D expenditures, and a

25 percent rebate if research is contracted in publicly funded R&D institutions.?®* Although technologies may be
transferred to a third party for commercialization, the third party, exclusively licensed to market the innovation
in India, must manufacture the product in India.?® India revised its Schedule Y regulations in 2005, empowering
local pharmaceutical companies to conduct first-in-man studies in India, on the condition that the molecule
was discovered and developed in India (but, notably, this does not apply to drugs discovered outside India).>*
Increasingly, other countries are exploring policies to promote the growth of their domestic industries and to
attract foreign R&D investment.

Emerging Fields

The biopharmaceutical field is highly dynamic and rapidly changing. Advances in DNA sequencing are raising
hopes that breakthroughs may be on the horizon, especially in cancer treatment. The U.S. has taken initiatives
to advance research on the molecular basis of cancer through DNA sequencing, gene expression profiling, and
epigenetic technologies in a project called The Cancer Genome Atlas (TCGA), led jointly by the National Cancer
Institute and the National Human Genome Research Institute. Recent results on a deadly brain cancer, ovarian
cancer, and adult leukemia from TCGA's studies can serve as a basis for effective and personalized treatments.?”

There is widespread excitement that innovations in genomics mean that a new era of personalized medicine is
at hand. But for this prospect to become a reality, the biomedical industry will have to overcome some logistical
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barriers that may impede innovation in this area, not least of which is devising a business model for R&D
funding that will work for smaller patient populations. It is also crucial to craft an FDA approval process that
can accommodate the complexities of these treatments in a practical and timely fashion; given its nature,
personalized medicine requires expedited clearance to be effective.?® Another challenge will be coverage
and payment systems for these more tailored treatments.?*

Nanotechnology is another frontier with enormous applications. Between 1977 and 2009, 60 percent of
U.S. nanotech-related patents were awarded to U.S. inventors or owners. The bulk of the rest were held by
innovators from Japan, Germany, and South Korea. Although the U.S. produced the most nanotech-related
patent publications in the world (29.7 percent) as measured by residence country of first-named inventor
between 1996 and 2008, China came close at 24.3 percent. Japan claimed 14.5 percent.?'°

Human embryonic stem cell technology is another major breakthrough area that promises tremendous
hope for curing multiple diseases. However, countries have adopted varying stances on allowing stem

cell research, Several countries, including the U.S., Russia, China, India, and nations in Latin America, have
restrictive or no policies in place for stem cell R&D. Others, such as Canada, Spain, France, England, Japan,
Australia, and New Zealand, have flexible policies.?' The latter group has had the opportunity to seize the
lead in what could be a game-changing field. Some competing countries have attracted U.S. stem cell
researchers and investment from U.S. firms. Singapore, for example, has given scientists free rein. In 2006,
it announced a $45 million consortium to be led by American stem cell pioneer Roger Pedersen, formerly a
researcher at UC San Francisco.?™

For years, the politics swirling around this issue in the U.S. hindered researchers. But their restrictions were
somewhat mitigated in 2009 when President Obama signed an executive order lifting the ban on federal
funding for human embryonic stem cell research. He also issued a memorandum to “restore scientific
integrity in government decision making”and ordered the head of the NIH to review and update guidelines
for funding “responsible, scientifically worthy” human embryonic stem cell research. But as of this writing,
legal challenges continue to hamper this field in the U.S.2™3

The EU committed US$67.8 billion (€54 billion) to stem cell research from 2007 to 2013, but some member
nations remain hesitant. Belgium, Spain, Sweden, and the U.K., however, have embraced this new field.?'*
The UK. prides itself on strong legislative support for the life sciences, including stem cell research. (Embry-
onic stem cell research and therapeutic cloning are permitted, but reproductive cloning is banned.)?’> The
UK Stem Cell Initiative (UKSCI), a 10-year program comprising policy and funding support, was launched in
2005.2'% Finland is also in the forefront of stem cell research with its Regea Institute for Regenerative Medicine.

Medical Devices in the Mix

The United States accounted for more than 16 percent of the world’s medical devices exports in 2006 and
2009, with Germany following closely at more than 12 percent in both years. However, countries such as
China and Korea are catching up, with increases in their respective shares over this period.?"”

The countries shown in figure 9 have well-established medical devices companies, including Siemens and
Braun from Germany, Hitachi Medical Corporation and Toshiba from Japan, and Philips Electronics from
the Netherlands. But many of these firms have manufacturing activities in the U.S. In fact, Philips actually
produces more medical devices in the U.S. than in Europe. China, Brazil, Korea, Taiwan, and India, with their
lower costs of production, are emerging as competitors,?'® but the U.S. retains a strong legacy advantage.
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Figure 9: Share of world medical device exports
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In 2007, the global medical devices market was valued at $210 billion. The three top markets were the
U.S. (43 percent), Europe (30 percent), and Japan (11 percent). Demand is rapidly growing in Asia and
Brazil.*’* The U.S. is home to several of the world’s leading medical device companies. Notably, Johnson
& Johnson and General Electric have attained estimated 2010 revenues of $24.6 billion and $16.9 billion,
respectively, in this industry. Other U.S. companies like Medtronic and Baxter also performed very well in
2010, with revenues of $15.8 and $10.8 billion, respectively. However, the U.S. faces strong competition
in the global market. Siemens (based in Germany), Covidien (Ireland), and Olympus (Japan), also posted
impressive revenues of $16.7 billion, $9.5 billion, and $7.8 billion, respectively.??

Emerging nations have begun to gain a foothold in this market. Malaysia, for example, supplies 80
percent of the world’s catheters and 60 percent of its rubber gloves. It has the potential to position
itself as a developer, manufacturer, and supplier of medical devices, becoming a hub for Asia.?*'

China is implementing regulatory reform in order to enter this market. Its State Food and Drug Admin-
istration is actively improving medical device supervision and testing, and national testing centers now
evaluate multiple devices to increase efficiency. More than 20 provincial-level medical device supervi-
sion and testing centers were also opened. Training has been implemented to standardize medical
device evaluation.?? Compliance with product regulations is a challenge in China. In response, the SFDA
introduced the “Criterion for Medical Device Quality System Management,” which requires medical de-
vice manufacturing plants to conduct periodic reviews and have clear quality-control objectives. Manu-
facturers must also document all design and development procedures for production. Also included is
guidance to document design and procedures and to verify performance.? The Chinese government
appears to be taking a proactive approach to improve international perceptions of Chinese products.
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Overall, the U.S. remains a powerhouse in medical device manufacturing. But other countries are increasingly
gaining ground—while medical device approvals from the FDA have become even more problematic than
drug approvals. Europe’s EMA approves many devices in half the time it takes the FDA. The opacity of the FDA's
device approval process inhibits startup medical device firms from accessing the capital markets and adds to
development costs, as companies must hire seasoned experts just to navigate the approval labyrinth.

Minneapolis
has built a
cluster that is
predominantly
driven by its
medical devices
industry.

Minneapolis: A Cluster Built on Medical Devices

The founding of Rochester’s Mayo Clinic in 1889 laid the foundation for
future innovation in the medical field,?** and 3M, the region’s venerable
manufacturing giant, eventually diversified its product lines and be-
came a major supplier of medical products.?> The region is also home
to the largest medical devices company in the world, Medtronic, which
was founded in 1949. In 1957, Medtronic was credited with developing
the first wearable, external, battery-operated pacemaker at the request
of University of Minnesota surgeon C. Walton Lillehei.?*®

Much like its coastal counterparts, the University of Minnesota pro-
vides crucial R&D-related infrastructure for the region. Not only did it
develop the first bileaflet mechanical heart valve in 1972, but it was
also the site of the first open-heart surgery using cross-circulation.?””
Additionally, the combined presence of regulatory expertise and
clinical infrastructure in the Twin Cities region provides startups and
newcomers with the necessary resources to comply with FDA regula-
tions governing medical devices.??®



Part 3
Recommendations to Retain U.S. Leadership

The United States is still recognized the world over as the leading innovative and market force in the biomedical
industry. But the U.S. will have to be nimble in its response to growing competition. The greatest impediment
to U.S. biomedical innovation is in underestimating the risk of losing it. Protecting this legacy is not a task that
can be left to the talented scientists and technicians working in the lab. Policymakers have an important role

to play in creating the type of environment that allows innovation to flourish. Below we outline some concrete
recommended steps that would shore up U.S. biomedical leadership.

Increase R&D Tax Incentives and Make Them Permanent

It takes years of painstaking work and testing to transform a laboratory breakthrough into a new drug—

and frequently the results don't pan out. In a business with such heavy R&D costs and such a high rate of
product failure, investors risk incurring tremendous losses.??® Tax incentives, however, can mitigate these
risks and possibly encourage investors to commit time and resources to the cause. Research shows that there
is a positive relationship between R&D tax credits and R&D activities,” as they stimulate growth in R&D
expenditures.®' Countries around the world have introduced tax incentives to support R&D investments.?*?

A 2010 Milken Institute study included a simulation analyzing the results if the U.S. were to increase its R&D tax
credit by 25 percent and make it permanent. The outcome showed that while the reaction was not immediate,
R&D spending grew substantially, indicating increased R&D activities.? If this policy were applied to the
biomedical industry, where R&D can represent 20 percent of sales, it would have an even larger proportional
impact than in other sectors across the economy.

The U.S., which pioneered this policy, has now fallen behind most other developed nations in the generosity
of its R&D tax credit—and its program has been “temporary” for decades, creating uncertainty for investors.
Implementing a more globally competitive policy would be a positive step toward sustaining innovation. This
requires an in-depth assessment of the adequacy of existing R&D incentives, especially those applicable to
personalized medicine.

Cut Corporate Tax Rates to Match the OECD Average

Innovation knows no borders: Talent and investment dollars are more mobile than ever before, and companies
can choose among various international locations when deciding where to base a particular operation. Firms
weigh a variety of factors when making that decision, including their potential tax burden—and its current
corporate tax structure does not position the U.S. to be globally competitive.

Rates influence investors’ decisions on where to place their investments: All other things being equal, countries
that impose higher corporate tax rates will lose investments to those that have lower rates. The corporate tax
rate in the U.S. is the second-highest among all OECD nations, a factor that can inhibit biomedical investment.
We propose revamping the U.S. corporate tax structure to address the issue: Cutting the federal corporate tax
rate by 13 percentage points, to 22 percent—essentially matching the OECD average—will increase domestic
investment and enhance the accumulation of productive capital.

Q.
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Extend Support for Emerging Biomedical Research Fields

Technological advances have spurred the development of emerging biomedical fields that have tremendous
implications for curing diseases. Extended support for R&D in cutting-edge areas such as nanotechnology and
advanced DNA sequencing can strengthen U.S. innovation.

Given the immense potential of stem cells, the next blockbuster innovation may come from the field of regen-
erative medicine. Several countries in Europe and Asia have already seized the lead in embryonic stem cell R&D.
The U.S. has not fully supported this type of research, while other nations have had a favorable regulatory frame-
work in place for a decade. These countries are poised to create scientific and therapeutic breakthroughs from
research in regenerative medicine, potentially leaving the U.S. behind.

In March 2009, President Obama relaxed restrictions on embryonic stem cell R&D. Although he released
hundreds of millions of dollars to the cause, government-funded projects have yet to reach the clinical trial
stage, as legal challenges slowed progress.?** The U.S. will need additional emphasis in this area to match the
momentum established by other countries that have had supportive policies in place for years. Follow-up

is needed to create more laboratories and market incentives to facilitate scientific discovery in regenerative
medicine and the commercialization of subsequent therapeutic products.

The federal government can address challenges related to the speed at which biomedical innovation moves
through the development and approval pipeline by investing in basic science and offering tax breaks to compa-
nies investing in translational research. The government can also provide a clear framework by signing interna-
tional agreements, strengthening intellectual property protections in this field, and producing rigorous technical
guidelines for the safety and efficacy of stem cell-based products.?*

Supporting R&D will give the U.S. the best chance of establishing a strong and sustainable foothold in the regen-
erative medicine arena. Adaptive trial design, the use of surrogate endpoints®$, and ensuring adequate scientific
expertise at the FDA and NIH will also help ensure a platform for the applications of these novel technologies. A
viable and effective policy framework can facilitate the development of cutting-edge fields that may provide the
greatest financial and societal returns in the decades ahead.?’

Provide Resources Needed by the FDA and the NIH to Ensure Efficient
Regulatory Reviews and Clinical Trials

The FDA review and approval process has been increasing in complexity and uncertainty, while the agency’s
international counterparts are improving the efficiency and transparency of their reviews. Emerging companies
in the U.S. are especially burdened by complexities in the regulatory system.?*® The adoption of flexible practices
such as adaptive trials could address the rigidity of the existing process and potentially speed up regulatory
reviews, particularly with trials related to emerging fields where there is limited prior research.

The FDA needs adequate resources to hire expert staff and better manage the review process (including the
design of more flexible practices). Its mandate is to ensure the safety of human drugs and biological products—
but it is also tasked with bringing high-efficacy drugs to the marketplace as quickly as possible. To ensure that
the FDA is positioned to meet the needs of 21st-century science, Congress should support approval of a clean
PDUFA reauthorization. The immediate challenge is for the FDA to improve the review and approval process
without compromising quality and rigor—and policymakers must provide the agency with the tools it needs

to get the job done.
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The NIH also plays a pivotal role in the R&D ecosystem. In 2010, investments from the NIH led to an estimated
$68 billion in economic activity and supported 188,000 jobs in the U.S.** Ensuring adequate funding for NIH

is critical to sustaining basic research investment and developing the U.S. talent pool. Additional funding for
translational efforts at the NIH could improve research productivity throughout the scientific community. Rather
than waiting for biotech companies to take the lead, academic researchers can partner with NIH, along with the
FDA, to speed up the regulatory process.>**To implement this new approach, the NIH must be given additional
resources to support clinical trials. For example, the NIH's new Therapeutics for Rare and Neglected Diseases
(TRND) program seeks to help innovative products with high potential make the leap from preclinical and
clinical research.?"

Additional funding for such an NIH mandate, however, has not been made available to date. The 2011 federal
budget cut NIH funding by $260 million.?*? Fiscal discipline is necessary to confront the deficit, but we must
carefully distinguish investments with positive rates of return, such as NIH funding, from expenses that should be
trimmed. Providing adequate funding for the FDA will avoid bottlenecks in the approval process, making it more
efficient without compromising scientific rigor. Furthermore, providing the NIH with the additional resources to
support trials will encourage more collaboration and public-private sector partnerships.

Leverage Existing Strength in Medical Devices

Medical devices represent a major strength for the U.S., but there is an opportunity to further enhance
innovation in this area by streamlining regulatory reviews. Section 510(k) of the Medical Device Amendments
allows companies to “build upon established clinical and scientific evidence of safety and effectiveness to more
rapidly iterate and improve the innovations available to patients.” However, the FDA continues to demand large-
scale data during the premarket period. Companies have lamented that the FDA has become less transparent
and less efficient.?®?

The FDA must be given a new mandate to create an efficient system for medical device approvals. The legal
foundation is in place; all that remains is executing the Medical Device Amendments effectively. In 2009, the FDA
announced it had commissioned the Institute of Medicine (IOM) to examine the premarket notification program,
known as the 510(k) process, which is used to evaluate medical devices. During the course of the study, the FDA's
Center for Devices and Radiological Health (CDRH) has focused on attempting to ensure consistency across FDA
decisions in this process.?*

The IOM report, released in July 2011, set off a storm of controversy with its recommendation to scrap the
existing review process; many industry leaders and officials within the FDA itself took issue with the findings.
Reform is clearly on the agenda, but as of this writing, the extent of the changes that will actually be made has
yet to be determined.?*

Beyond resolving regulatory uncertainties, streamlining approvals for export licenses to countries such as China
and India also could improve U.S. export performance in medical devices even further.

Build Human Capital for Biomedical Innovation

Top international talent flocks to U.S. research universities, and over the years, many outstanding innovators and
entrepreneurs have stayed in the U.S., making crucial scientific and economic contributions. But today we are
starting to see “reverse brain drain.” Retaining the best international human capital must be a priority.
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The U.S. should provide an expedited pathway to The U.S. should provide an expedited
permanent residence status and then a green card to pathway to permanent residence
foreign researchers in exchange for their participation status and then a green card to

in biomedical R&D over a stipulated period of time. foreign researchers in exchange for

This program can potentially bring about collabora- hei .. . in bi dical R&D
tions that leverage the foreign contacts of these their participation in biomedica

sought-after scientists. over a stipulated period of time.

In addition, the United States needs a renewed emphasis on top-flight STEM education at all levels to develop
homegrown talent, encouraging American students to become tomorrow’s top scientists.

Promote and Expand the Role of Universities: Adopt Best Practices

The most efficient way to enhance the U.S. competitive position is to build on existing strengths—and in the
case of the biomedical industry, outstanding research universities are the prized asset. It is possible to adapt the
existing configurations to build an even stronger collaborative structure.?*

A 2011 study by the National Academy of Sciences recommended steps to improve universities'intellectual
property management systems and create an even more efficient and effective technology transfer process.
These proposals included increased transparency and committees to support technology transfers, and
increased collaboration with larger institutions and private entities.>*” In conjunction with our recommendation
above to allocate additional resources to the NIH, it would also be advantageous to encourage universities to
participate more fully in the drug discovery, development, and approval processes.

The U.S. has the most productive university biomedical technology transfer process in the world. But there is

a high degree of variation in efficiency across universities. The U.S. can continue and step up efforts to bring
together university medical scientists and tech transfer officials with investors and experts from biomedical firms
to ensure that existing best practices are adopted more widely and enhance the interaction between universities
and biomedical companies.
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