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NIH funding is critical to improving health outcomes and reducing
the societal costs of illnesses. Congress should increase the NIH
budget and then maintain regular, steady increases.

KEY TAKEAWAYS

B Public funding for the National Institutes of Health (NIH) has been critical to
discovering new medicines and treatments, improving quality of life,
increasing lifespans, and reducing costs to society from illness.

B NIH funding increased 64 percent between 1990 and 2019. But funding as a
share of GDP peaked in 2003 and declined through 2015. NIH funding as a
share of GDP in 2019 is still 12 percent below 2003 levels.

B Congress should increase the NIH budget by around $8 billion annually over
the next two years, and then maintain regular, steady increases—ideally 2 to 3
percentage points faster than the nominal rate of GDP growth.
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OVERVIEW

The federal government, principally through the National Institutes of Health (NIH), funds scientific
research related to biology and human health that sets the stage for applied research and
development (R&D) activity by industry, ultimately leading to the commercialization of new
medicines and treatments. New drugs not only improve the quality and length of lives but reduce
the costs to society from illness. In order to accelerate biomedical innovation, Congress doubled
NIH founding around the turn of the millennium. The results are paying off with basic and
translational research, including discoveries of the genetic basis of disease and development of
related diagnostics and therapies. For example, cancer therapies are being tailored not just to a
patient’s genome but to the genome of that patient’s tumors. Other discoveries include sickle cell
genomic therapy,! immunotherapy for breast cancer,? a universal flu vaccine, the TAILORX
genetic screening breast cancer trial,3- and discoveries for the treatment of Alzheimer’s.* NIH
funding overall plays an important role, not only in biomedical innovation, but in enabling a
competitive U.S. life sciences industry, and the millions of good paying jobs associated with it. In
fact, while overall manufacturing jobs have declined in the last two decades, the number of
biopharmaceutical industry jobs has grown. As such, increasing NIH funding is important not only
to improving the health of Americans, but in reducing health care costs and spurring global life
sciences competitiveness.

Boosting NIH funding has long been a nonpartisan issue. For example, at a 2015 forum, former
Republican House Speaker Newt Gingrich and Senator Elizabeth Warren (D-MA) both called for
significant increases in NIH funding.5 And there is currently strong bipartisan support in Congress,
with senators Roy Blunt (R-MQ) and Patty Murray (D-WA) and representatives Rosa Delauro (D-CT)
and Tom Cole (R-OK) leading the charge for increases in NIH funding. Moreover, Americans are
extremely optimistic and interested in biomedical breakthroughs. A recent survey conducted on
behalf of the USA Today Network and the Charles C. Koch Institute asked Americans to name
three areas of technological change they were most excited about for the future. Medical
innovation, including pharmaceutical breakthroughs, ranked number 1, by an equal proportion (61
percent) of Democrats and Republicans, and an even higher share (66 percent) of rural
Americans.®

However, even with recent increases, NIH funding as a share of GDP in 2019 is still 12 percent
below that of 2003. Getting NIH funding to that 2003 level will require Congress to appropriate an
additional $7.4 billion in FY 2020.” As such, Congress should increase the NIH budget by around
$8 billion annually over the next two years, and then maintain regular steady increases—ideally 2
to 3 percentage points faster than the nominal rate of GDP growth.

This report briefly discusses the structure and role of NIH. It then examines NIH funding history
over the last two decades, and reviews the scholarly evidence on the role of drug innovation in
improving human health and its effect on the U.S. economy. The report then reviews studies
examining the role of NIH on biomedical innovation and how it supports U.S. biopharmaceutical
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industry competitiveness. Finally, the report discusses how, in an effort to foster a thriving
biopharmaceutical industry, many of America’s major competitors have increased funding for
government biomedical research at a much faster rate than the United States.

THE STRUCTURE AND ROLE OF THE NATIONAL INSTITUTES OF HEALTH

The National Institutes of Health funds scientific research that sets the stage for the industry-led
applied research and development (R&D) activity leading to the commercialization of new
medicines and treatments.®- NIH comprises 27 institutes and centers, each with a specific
research agenda whose focus is on a particular disease or body system.?: Congress provided NIH a
$37.3 billion budget in 2018, and appropriated $39.1 billion in NIH funding for 2019.1% Around
83 percent of NIH's budget funds extramural research through grants, contracts, and other awards,
and is performed by more than 300,000 individuals working at over 2,500 hospitals, medical
schools, universities, and other research institutions in all 50 states.!!" About 11 percent support
intramural research by NIH scientists at NIH's main campus in Bethesda, Maryland.

The majority of NIH funding is for “basic” research that aims to extend the frontiers of biological
understanding, with an estimated one-third of funding supporting clinical research (including
patient-oriented research, clinical trials, epidemiological and behavioral studies, as well as
outcomes and health services research) that is more applied in nature.'? NIH also supports
training grants that help develop the U.S. scientific and medical workforce. In 2016, NIH grants
directly supported the training of more than 9,500 predoctoral students and almost 5,900
postdoctoral fellows. 3

NIH researchers contribute new-to-the-world life sciences research. Over 115,000 scholarly
articles published in 2016 acknowledged NIH grant support.14 Moreover, each RO1 grant, the
most common type of NIH research project grant, leads to an average of 7.36 published research
articles.'® These grants are subsequently cited by other researchers: It is estimated that each NIH
research grant leads to an average of almost 300 citations in academic literature.® The
groundbreaking life sciences research supported by NIH is attested to by 153 NIH-supported
researchers having won Nobel Prizes.!’

NIH-funded basic life sciences research—for instance, into understanding the fundamental
processes by which diseases develop and are transmitted, or identifying novel biomarkers signaling
the presence of a disease—creates a platform for innovation that has laid the groundwork for not
only the discovery of new medicines, but also new tests (e.g., blood tests for biomarkers), new
procedures (e.g., improved cardiac stents that substitute for surgery), and new equipment (e.g.,
gene sequencers).18 It has supported discoveries that have contributed to a reduction in both
deaths from cancer and rates of disability due to stroke, heart disease, hepatitis B, and
osteoporotic fractures.!® NIH-supported research has also led to the development of anti-AIDS
drugs; the discovery of neurotransmitters and then antidepression treatments that leverage

selective serotonin reuptake inhibitors (SSRIs); and treatments that reduce scar-tissue formation.?°

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION PAGE 3



While all 27 NIH institutes, centers, and initiatives play an important role in life sciences
innovation, the unique role of several particular units is worth highlighting.

Accelerating Medicines Partnership

The Accelerating Medicines Partnership (AMP) is a public-private partnership between NIH, the
Food and Drug Administration, life sciences companies, and nonprofit organizations to transform
the current model for developing new diagnostics and treatments by jointly identifying and
validating promising biological targets for therapeutics.?!* AMP is focused on four disease areas:
Alzheimer’s; type 2 diabetes; autoimmune disorders of rheumatoid arthritis and lupus; and
Parkinson’s. The idea is closer cooperation among scientists at NIH, in academia, and within
industry can help better coordinate research, and make it more efficient and effective. For each
project, scientists from NIH and industry have developed research plans aimed at characterizing
biomarkers and distinguishing biological targets most likely to respond to new therapies. These
projects not only leverage non-NIH funding (an average of 25 percent over the four projects), but
improve research effectiveness.

The National Center for Advancing Translational Science

Established by Congress in December of 2011, the National Center for Advancing Translational
Sciences (NCATS) focuses on ways to reduce, remove, or bypass system-wide bottlenecks in the
translational process: the process of turning observations from within laboratories, clinics, and
communities into interventions that improve the health of individuals and the public—from
diagnostics and therapeutics to medical procedures and behavioral changes.??: The core goal of
NCATS is to help get more treatments to more patients more quickly. NCATS focuses not on
specific diseases, but rather on what is common among them and in the translational science
process. Essentially, NCATS studies translation on a system-wide level as a scientific and
operational problem.?3: NCATS initiatives focus on topics such as discovering new therapeutic uses
for existing molecules; improving the availability of rare disease information, treatment, clinical
studies, and general awareness for both patients and the medical community via programs such as
the Rare Diseases Clinical Research Network (RDCRN); tissue chips for drug screening; and
toxicology in the 21st century.?* NCATS also administers the Cures Acceleration Network to
advance the development of high-need cures and reduce significant barriers between research
discovery and clinical trials. Under the program, NCATS may make grants of up to $15 million per
year that must be matched by other parties at a rate of 1:3.

Small Business Innovation Research Program and Small Business Technology
Transfer Program

The Small Business Innovation Research (SBIR) and Small Business Technology Transfer (STTR)
programs, collectively known as America’s Seed Fund, represent one of the largest sources of
early-stage capital for technology commercialization in the United States, allowing U.S. owned and
operated small businesses to engage in federal research and development that has a strong
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potential for commercialization.?®> NIH’s SBIR program funds early-stage small businesses that
are seeking to commercialize innovative biomedical technologies; STTR is similar but requires
small businesses to engage with a research institution. Eleven federal agencies operate SBIR/STTR
programs. Of the institutes or centers within NIH, 24 have SBIR and STTR programs. In 2017,
NIH’s SBIR and STTR programs invested almost $1 billion ($861 million for SBIR; $121 for STTR)
into promising, young, innovative life sciences start-ups. In 2017, NIH funded 1,520 start-ups. For
FY 2019, NIH will disburse $1 billion in SBIR funds and $141 million for STTR, which will be
disbursed over a series of two phases: Phase 1 feasibility studies (grants of up to $150,000) may
be extended into Phase |l development activities (funded at $1 million), with a possibility of a
Phase |IB competing-renewal award.?® SBIR plays a key role in America’s innovation system,
particularly in the life sciences sector. A number of groundbreaking life sciences start-ups got a
kick start from SBIR, including Genzyme (biotech therapies), Affymetrix (GeneChip), Amgen
(biopharmaceuticals), Jarvik Heart (artificial heart), Biogen/ldec (neurological, autoimmune
therapies), Millennium Pharma (gene databases), Geron (telomerase inhibitors for cancer
treatments), and Neocrine Bioscience (neurological and endocrine pharmaceuticals).?’- SBIR plays
a major role in making projects that would not happen otherwise possible. For instance, a study of
NSF SBIR Phase Il recipients found that 75 percent thought their projects probably or definitely
would not have proceeded absent program funding: 34 percent were definite and 41 percent
thought it unlikely.?® In short, NIH’s SBIR/STTR program represents an indispensable asset within
America’s life sciences innovation system.

NIH Centers for Accelerated Innovations and Research Evaluation and
Commercialization Hubs

The NIH Centers for Accelerated Innovations (NCAI) and the NIH Research Evaluation and
Commercialization Hubs (REACH) are focused on accelerating the translation of scientific
discoveries into commercial products. The programs represent public-private partnerships, with
expertise and resources from the federal government, academia, and the private sector, that will
change the way discoveries with scientific and commercial potential are identified and developed.
The National Heart, Lung, and Blood Institute started NCAI in September 2013, and is the primary
federal supporter of the program, merging the strengths of 14 high-impact research institutions.??:

REACH grants qualified institutions both an initial investment and additional resources to nurture
innovators to identify and develop high-priority early-stage technologies related to NIH’s objectives.
It also provides infrastructure for identifying the most promising technologies; funding for product-
definition studies (e.g., feasibility studies, prototype development, and proof-of-concept studies);
coordinated access to expertise in areas concerning early-stage technology development (including
scientific, regulatory, reimbursement, business, legal, and project management); and skills
development and hands-on experience in entrepreneurism. There are three NIH Research
Evaluation and Commercialization Hubs: the Long Island Bioscience Hub, ExCITE, and MN-
REACH. Congress chartered the hubs as part of the 2011 SBIR/STTR reauthorization, with the
vision that the hubs would provide Phase O proof of concept partnerships to help get more
promising start-ups into the SBIR program.
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NIH FUNDING TRENDS

NIH appropriations grew significantly from the late 1990s to the early 2000s (the period in which
Congress doubled the NIH budget), more slowly through 2015, and then more sharply in the last

few years (see figure 1).

Using this measure, NIH funding fell by nearly 25 percent from 2003 to 2015.

Recent appropriations have restored some of that loss, but NIH funding is still 9
percent below where it was in 2003, adjusted for inflation

However, nominal changes in funding do not present an accurate picture as they fail to account for
inflation—in this case, the rising cost of conducting medical research (known as the biomedical
research and development price index or BRDPI). Using this measure, NIH funding fell by nearly
25 percent from 2003 to 2015. Recent appropriations have restored some of that loss, but NIH
funding is still 9 percent below where it was in 2003, adjusted for inflation (See figure 1). In order
to have kept the BRDPI-adjusted NIH funding at 2003 levels, Congress would have needed to

appropriate an additional $4.1 billion for 2019.

Figure 1: NIH Appropriations: 1980 to 2019 30
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But even with recent increases, NIH funding as a share of GDP in 2019 is still 12
percent below 2003 levels.

In short, it is misleading to view the NIH doubling as a period of unprecedented funding increases
that permanently put NIH funding on a new and higher level. In fact, if Congress had simply kept
up the average real annual growth of the NIH budget from 1971 to 1998 (3.34 percent per year
using the BRDPI index), in 2019, the funding levels would have been $8.2 billion higher than
actual appropriations (in current dollars).! So, essentially, rather than doubling the NIH budget
and then building on that new base, Congress prefunded only a portion of what would have been
historically normal increases.

Figure 2: NIH Appropriations: Actual vs. Trend 32
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An important lesson from NIH doubling is it being followed by inflation-adjusted cuts is worse than
regular increases achieving the same level at some future point in time. Boom and bust cycles
lead to an array of problems, such as misleading signals sent to graduate students and young
biomedical researchers leading to an oversupply of graduate students relative to later resources.
In 2013, the American Society for Biochemistry and Molecular Biology conducted an online survey

33
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of 3,700 scientists across America.>* Forty-six percent had laid off scientists or expected to do so
soon, while 55 percent knew of a colleague who had lost their job. In addition to cutting existing
staff, b3 percent had to turn away promising young researchers because of a lack of funds. A
more recent survey of researchers holding NIH or National Science Foundation grants found that
nearly half had abandoned an area of investigation they considered central to their lab’s mission,
and more than 75 percent had reduced their recruitment of graduate students and research
fellows.2® These cuts have been particularly damaging to the research prospects of both new
investors and young scientists who often have the most original and creative ideas, and were not
able to see those ideas tested in a laboratory. In essence, Congress needs to apply a goldilocks
approach to NIH funding (regular, steady increases), ideally 2 to 3 percentage points faster than
the nominal rate of GDP growth—and not perpetuate the boom-and-bust cycle that accompanied
the doubling of NIH funding in the late 1990s and early 2000s.

There is little risk of increases not being used productively. Even with the recent increases, there
is clear evidence that increased funds would have been used productively. For example, in FY
2018, just 17.8 percent of RO1 research grant applications were funded, compared with 24
percent in FY 2003.36 Harold Varmus, former director of NIH, has argued that NIH could approve
around one-third of applications and still fund the best science.?’

Congress needs to apply a goldilocks approach to NIH funding (regular, steady
increases), ideally 2 to 3 percentage points faster than the nominal rate of GDP
growth.

Another way to look at this is to examine the rejection rates for highly qualified proposals. NIH
uses impact scores, which are the sum of 10 reviewers who each score applications from 1 (best)
to 9 (worst). Scores 1 to 3 are considered “high impact,” with 3 being described as “excellent”
and “very strong with only some minor weaknesses.” > Eleven percent of AO (first submission)
Type 1 (applying for support of a project that has not yet been funded) applications submitted from
FY 2012-2016 received combined scores of 30 or lower, but 37 percent of these were not funded
—at least not within that application.‘?’9 And ninety-two percent of proposals with a combined score
of 31 to 40 (very good, strong but with numerous minor weaknesses) were not funded.

The low rate of approvals is somewhat self-correcting in the following, unfortunate way: Low rates
of approvals mean fewer of the world’s top scientists and medical talent are moving to the United
States, instead often going to other nations that offer more opportunities, such as China,
Singapore, and the United Kingdom. In addition, low approval rates mean less research being
performed and less support for promising graduate students, many of whom may switch out of
biomedical research to other fields. In other words, the U.S. supply of highly talented biomedical
researchers is anything but fixed, and increased NIH funding will only help grow that pie—and with
it medical discoveries and good biomedical jobs.
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The U.S. supply of highly talented biomedical researchers is anything but fixed,
and increased NIH funding will only help grow that pie.

WHY BIOMEDICAL RESEARCH MATTERS

Even in a $20 trillion economy, the $39.1 billion NIH budget is still a considerable amount of
money. What do Americans get from that investment, and why should they support this use of their
tax dollars? There are three principal reasons. The first is improvement to their overall health.

New drugs help enhance the quality—and length—of Americans’ lives. And even though they can
be expensive, on net, drugs reduce the societal costs from disease. But the development of new
drugs requires an enormous amount of research and development; a not insignificant share of
which is early-stage basic and foundational—and funded by the federal government. The second
reason is the development of better drugs and treatments leads to reductions in the cost to society
from illness. And the third is NIH funding plays an important role supporting the competitive
strength of the U.S. biopharma industry—an industry that, unlike many others, has not gone
offshore or suffered hollowing out at the hands of foreign competitors—with the result being
millions of good jobs in all 50 states.*:

NIH Funding Increases Biomedical Innovation

Before discussing the health and economic benefits of new medical discoveries, including new
drugs, it is important to examine the role of publicly funded research, especially by NIH, in
spurring biomedical innovation. Studies show NIH funding plays an important role in biomedical
innovation for example, by supporting the graduate research education of most life scientists in
medical research laboratories today. Another way is by directly funding research.

Between 1965 and 1992, federally funded research laid the groundwork for the discovery of 15 of
the 21 top-grossing drugs, 7 of which were directly related to research discoveries made by NIH. 4!
They included breakthrough antidepressant drugs that leveraged discoveries about
neurotransmitters to develop selective serotonin reuptake inhibitors (SSRIs), anti-AIDS drugs, and
drugs used in heart surgery. NIH-funded research into monoclonal antibodies has supported the
development of new monoclonal therapy-based drugs that, in 2010, accounted for 5 of the top 20
best-selling drugs in the United States.*?

A study of 32 innovative drugs introduced before 1990 found that without the contributions of
government laboratories and NIH-supported universities, approximately 60 percent of those drugs
would not have been discovered or would have had their discoveries markedly delayed.43 A 2011
study by Stevens et al. revealed that over the past 40 years, 153 new FDA-approved drugs,
vaccines, and new indications for existing drugs were discovered from fundamental research
carried out in public-sector research institutions (PSRIs).* They found that, “PSRIs have
contributed to the discovery of 9.3 to 21.2 percent of all drugs involved in new-drug applications
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approved during the period from 1990 through 2007.” In a study of 478 drugs approved by FDA
from 1998 to 2005, Sampat and Lichtenberg determined that 12.7 percent of drugs had an
underlying academic patent, including 5.8 percent of standard-review drugs and 22.6 percent of
priority-review drugs. It also found even larger indirect effects on the innovation process, with 23.7
percent of standard-review drugs, 45.8 percent of priority-review drugs, and 32.7 percent of all
new drugs citing an academic patent.45 Likewise, Lowe found that about 15 percent of new drug
discoveries come from knowledge generated by academic labs.*® Most of this research was
funded by the federal government broadly, and NIH specifically.

The Battelle Memorial Institute discovered that, “NIH funded research produced an average of 5.9
patents per $100 million in R&D expenditures from 2000-2013—or at a rate of one patent per
every $16.9 million in NIH funding.”47 The report went on to find that, “NIH patents also averaged
5.14 forward citations, meaning the NIH is an integral part of the knowledge chain for $105.9
million in downstream R&D leveraged for every $100 million in taxpayer funded research.” A 2018
study found that every additional $10 million in NIH funding generates 2.7 patents.48 Toole
concluded that a one-time $1 investment in public-sector basic research yielded $0.43 in annual
benefits in the development of new molecular entities in perpetuity—a remarkable return on
investment.*? Cleary et al., discovered that NIH funding contributed to published research
associated with all 210 new drugs approved from 2010-2016.%° Another study found that 10
percent of NIH grants are cited by patents, 30 percent are cited in articles that are then cited in
patents, and 5 percent result in papers citing successfully approved drugs.51

Moreover, Kneller determined that NIH-funded labs and universities generally produce new
discoveries that are more advanced, more likely to be considered “novel,” (as opposed to
advances that are based on a preexisting substance that is modified and resubmitted for approval),
and more likely to support “orphan drugs” (substances that address rare diseases or conditions).>?

As one survey concluded, “While it is very difficult to be precise about the pay-offs of publicly
funded research [in biomedical sciencel, we conclude from a survey of a wide variety of
quantitative and qualitative academic studies that the returns from this investment have been
large, and may be growing even Iarger.”53 And as the National Academy of Sciences noted,
“Fewer investments in basic research (by NIH) can result in fewer new drug therapy candidates,
which in turn can result in fewer investments by private industry to advance promising
candidates.”** And after reviewing over 60 academic articles on the impact of federal funding on
biomedical innovation, Cockburn and Henderson concluded, “There are a number of econometric
studies that, while imperfect and undoubtedly subject to improvement and revision, between them
make a quite convincing case for a high rate of return to public science in this [life-sciences]
industry."55

And we are seeing continued progress. For example, over the last two decades, cancer mortality
rates have declined by 25 percent, in part because of NIH-supported breakthroughs such as
genomic analysis of tumors, precision medicine (e.g., treatment of a tumor by targeting a specific
mutant gene that drives it), and use of immunotherapy with checkpoint inhibitors. Indeed, RO1
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applications to NIH’s National Cancer Institute increased by almost 50 percent between 2013 and
2018.%° And new drugs are being approved at significant rates, with 19 new cancer drugs approved
by the FDA in 2018.°’

It is important to keep in mind that, while this generation of knowledge from NIH funding plays a
role in drug development, it is usually foundational in nature and contributes to a process whereby
drug companies must invest billions more to actually identify, develop, test, and bring to market
compounds.

Improvements in Health and Reductions in Costs From New Drugs

While it is clear that NIH funding helps spur discoveries that enable the development of drugs and
treatments, what is the effect of these discoveries, particularly the development of new drugs, on
health? The evidence is clear that better drugs improve health. A study by Lichtenberg and
Peterson estimated what the health results in Sweden would look like if doctors and hospitals were
constrained to only using medicines and technology created before 1997. The authors concluded
that pharmaceutical innovation was responsible for 5.6 months of the 1.88-year increase in
average life expectancy in Sweden between 1997 and 2010.%8 In another study, Lichtenberg
found that, from 1996 to 2003 in the United States, improvements in drugs led to an increased
life expectancy of 0.41 to 0.47 years.?® Moreover, as Lichtenberg explained, “During the period
2000-2011, the premature (before age 75) cancer mortality rate... declined by about 9%.... In
the absence of pharmaceutical innovation during the period 1985-1996, the premature cancer
mortality rate would have increased about 12% during the period 2000-2011."0

But illness also imposes tremendous costs on society, not just in direct medical costs, but also
indirectly through factors such as early mortality and lost work. Leaving aside the value of new
drugs on quality and length of life, it is important to examine their impact on the economy through
reduced medical and other costs. Illiness and early mortality impose a large cost on the
productivity of individual workers—to say nothing of their quality of life—and, therefore, reduce the
nation’s potential wealth.

If that the only thing federally funded biomedical research resulted in was better health, it would
be appropriate to classify it, for budget terms, as an expenditure. In fact, biomedical research
leads to new drugs that reduce total costs in society, and as such deserves to be classified as an
investment—in the sense that money spent today yields societal returns tomorrow. Lichtenberg
estimated a social return from pharmaceutical innovation of 67.5 percent.61 In other words, every
dollar spent generates $1.67 in benefits. Another study estimated the total social return from
biomedical research (public and private) is 150 percent, implying that society would benefit from a
significant increase in research spending.62
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Biomedical research leads to new drugs that reduce total costs in society, and as
such deserves to be classified as an investment—in the sense that money spent
today yields societal returns tomorrow.

Overall, the evidence that biopharmaceutical innovation has led to significant net economic
benefits—and the potential for even further economic gains—is strong. For example, progress
against various diseases since 1970 have increased national wealth by $3.2 trillion per year.63 In
fact, there is some evidence that these and other related studies undervalue the economic returns,
and that conventional methods underestimate the economic value of health gains by 30 to 80
percent.64

Because diseases impose significant costs on the U.S. economy, continued and even faster rates
of life sciences innovation must be integral to a longer-term national growth strategy. The Milken
Institute concluded that the most common chronic diseases cost the U.S. economy an estimated
$1 trillion each year, and could cost upwards of $6 trillion by 2050.%° A study conducted by the
Harvard School of Public Health and the World Economic Forum found that cancer cost the global
economy about $250 billion in 2010, and anticipated that cost will rise to at least $458 billion by
2030.%¢ Cardiovascular disease cost an estimated $863 billion in 2010, rising to $1 trillion by
2030; diabetes cost $500 billion in 2010, rising to $745 billion by 2030; and mental illness cost
$2.5 trillion in 2010, rising to $ 6.0 trillion by 2030.%” Another study that estimated the
population’s willingness to pay to reduce the risk of disability or death associated with
noncommunicable diseases. It estimated that individuals would be willing to pay $22.8 trillion in
2010 to reduce this risk significantly, and that number would grow to $43 trillion in 2030. Another
study found that seven chronic health conditions led to lost economic output of $1 trillion per year,
including lower output and lost work days.68

NIH funding should be seen as an investment that generates economic returns for
U.S. taxpayers.

Alzheimer's disease, for example, imposes significant costs on the economy of around $226 billion
per year, or 1.5 percent of GDP. By 2050, without improved understanding or the ability to slow
the onset of the disease, direct costs could reach $1 trillion dollars.®® Similarly, Parkinson’s
disease costs $14.4 billion per year in direct medical costs, increased costs of care, and lost
productivity.34 Huntington’s disease and amyotrophic lateral sclerosis (ALS) together cost
approximately $2.5 billion.”® In total, neurodegenerative diseases impact 5.8 million Americans
and cost $262 billion.”! Continued drug innovation would yield significant economic benefits
moving forward. One study found a 1 percent reduction in mortality from cancer would deliver
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roughly $500 billion in net present benefits, while a cure would deliver $50 trillion in present and
future benefits.”? In this sense, NIH funding should be seen as an investment that generates
economic returns for U.S. taxpayers.

NIH and BioPharma Companies Play Complementary Roles

NIH funding is often subject to two major misconceptions. The first, usually by advocates on the
left, is NIH funding can substitute, wholly or in part, for biopharmaceutical-industry fundingand in
so doing lead to the development of drugs in the public domain. The second, usually by
advocates on the right, is the private sector can take the place of NIH funding for basic and
foundational research. Both views represents a lack of understanding of the complementarity
between NIH funding and industry funding.

Notwithstanding its importance for early-stage biomedical research, NIH funding does not result in
the development of drugs. Instead, publicly funded researchers perform the upstream, earlier-stage
research elucidating the underlying mechanisms of disease and identifying promising points of
intervention. In turn, private-sector researchers perform the downstream, applied research that
results in the discovery of drugs that treat diseases, and have carried out the development
activities necessary to getting them to market.”3 Federally funded basic life sciences research
tends to be concentrated within the basic science of disease biology, biochemistry, and disease
processes, with a major goal of the research being the identification of biomarkers and biologic
targets new drugs could treat.”* While the private sector does invest in basic scientific research,
including at U.S. universities, the preponderance of its activity is applied R&D focused on the
discovery, synthesis, testing, and manufacturing of candidate compounds intended to exploit
biologic targets for the purpose of curing medical conditions.”® Therefore, considerable investment
is required to bring a drug to market, even after basic research has already been conducted. In
fact, one study found that biotechnology companies invest $100 in development for every $1 the
government invests in research.”®

In contrast, some on the right make the opposite case: Why spend taxpayer dollars to support NIH
research when industry can do the work? The scholarly evidence is clear that federal support for
basic and early-stage applied research is a complement to private research in that industry is able
to build on the knowledge discoveries made from publicly supported life sciences research, thereby
making their own research more productive and effective. In this sense, publicly funded basic
research generates more than just papers, knowledge, and postgraduates; public-sector funds
increase the productivity of the industry as a whole by facilitating an environment of readily
valuable basic science. Public research within the life sciences industry leads to the development
of “infrastructure knowledge,” or skills acquisition, techniques, and research tools that increase
the expected rate of return for private-sector R&D projects.77 Indeed, a 2000 study by the U.S.
Joint Economic Committee found, “Federal research and private research in medicine are
complementary. As medical knowledge grows, federal research and private research are becoming
more intertwined, building the networks of knowledge that are important for generating new
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discoveries and applic:ations.”78 Likewise, the findings of a 2017 NBER report “suggest that NIH
funding spurs private patenting by either increasing total firm R&D expenditure or increasing the
efficiency of these expenditures.”79

Specifically, Ehrlich found that a dollar of NIH support for research leads to an increase of private
medical research of roughly 32 cents.89 Other studies have concluded that an additional 10 to 30
cents of private-sector R&D occurs for every dollar of government funding for university or
government laboratory research.®! A 2013 report by Battelle found that, looking solely at federal
support for the Human Genome Project between 1988 and 2012, every dollar of federal funding
helped generate an additional $65 in genetics-related private activity.82 (This activity in turn
produced nearly $3.9 billion in federal taxes and $2.1 billion in U.S. state and local taxes in 2012
alone.)

Moreover, research has shown a strong positive correlation between private R&D investment in a
given year, and public R&D spending in the year prior.83 To sum up, as an OECD study argued, “It
is particularly important for government-funded research to continue to provide the early seeds of
innovation. The shortening of private-sector product and R&D cycles carries the risk of under-
investment in scientific research and long-term technologies with broad applications.”84

NIH Funding Supports U.S. Biomedical Competitiveness

While the principal rationale for increased support for NIH funding is improvements in health and
concomitant reductions in health care costs, an ancillary but important benefit is U.S. biomedical
industry competitiveness.

The sector provides valuable benefits to the U.S. economy, including through over 1.2 million
direct jobs, and an additional 3.5 million indirect and induced jobs.85 Moreover, employment in
life sciences sectors has been growing since 2001.%° Employment in biopharmaceuticals (both
production and research) increased by 22 percent between 2001 and 2016. During this same
period, total U.S. nonfarm employment increased only 9.5 percent, and employment in
manufacturing actually declined 27.6 percent. Biopharmaceutical employment hardly decreased
during the recent recession, and resumed growing in 2013.

And these are good jobs: Workers in the industry earned an average wage of $124,400 in 2016,
compared with the median personal income in the United States for full-time wage and salary
workers of just under $43,000. As such, biopharmaceutical industry wages exceeded average
private wages by 50 percent or more in 43 states. In 24 states, the premium topped 75 percent.87

Moreover, America continues to produce a robust number of biopharmaceutical start-ups, many of
which can trace their origins to NIH funding at universities—or at NIH itself. These start-ups
employ 35,000 workers across 1,600 firms.®8 And over the last decade, biopharmaceutical start-
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ups have grown, accounting for 66 percent of all firms in the industry in 2016—a 10-year high.
Since 2007, the number of start-ups has increased by 56 percent, from 1,000 firms in 2007 to
1,600 firms in 2016.

These start-ups help drive regional prosperity and growth. A Massachusetts Biotechnology Council
white paper estimated that each new biotech job created in and around Boston’s strong biotech
start-up ecosystem generated five indirect jobs within the same region.89 For comparison, each job
in manufacturing (a traded sector) supports only three indirect jobs, while each job in the food and
beverage industry (a non-traded sector) supports up to just one indirect job.90

Many of start-ups were born in universities that received NIH funding to support the research. For
instance, AUTM’s Better World Project highlights the case studies of a number of start-up life
sciences companies that sprang from research funded by NIH or NSF and conducted at U.S.
universities. The report “The Economic Contribution of University/Nonprofit Inventions in the United
States: 1996-2015" cataloged the impact academic patents and their subsequent licensing to
industry, including in the life sciences, had on the U.S. economy from 1996 to 2015. It found
that over 11,000 start-ups had formed on this basis since 1995, and academic technology transfer
has contributed to $1.3 trillion in gross U.S. industrial output, bolstered U.S. GDP by up to $591
billion, and supported 4,272,000 person years of employment.91 It also noted that over 200 drugs
and vaccines have been developed through public-private partnerships involving university
technology licensing since 1980.92

NIH’s support for research, particularly at research universities, makes the United States a more
attractive location globally for companies developing biomedical innovations. As Michael Lawlor
wrote, “Despite the fact that much valuable research is conducted in Europe and Japan, all major
international pharmaceutical companies feel the need to establish research relationships or
laboratory locations to keep abreast of the new developments in the United States.”?3 This is why
virtually all of the top internationally headquartered biopharmaceutical firms have significant
presence and employment in the United States.”*

Another reason for America’s relatively strong competitive position in the industry is the United
States has done well in developing new drugs. A 1999 review of the pharmaceutical industry’s
global competitiveness concluded the United States had a competitive advantage due in large part
to its strong research capabilities, the availability of revenues from drug sales, an environment that
is conducive to science entrepreneurs, and the relatively efficient FDA review process.95 Between
1975 and 1979, Europe brought to market 149 new drugs, while the United States contributed
only 66.%% The United States reversed this trend in each of the five-year periods since then, with a
significant decline in the share from Japan, and a rise from other nations, such as India and China.
Over the last 15 years, the three-year average of new drug approvals issued per year in the United
States has risen steadily from a low of 72 in 2003 to as many as 106 in 2014.%7 This is also
reflected in the United States accounting for between 40 and 45 percent of all triadic patents
(patents filed in the United States, Europe, and Japan) in biotechnology, medical technology
(generally medical or veterinary science), and pharmaceuticals between 1999 and 2013.
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Table 2: Number of New Chemical or Biological Entities 98

1997-2001 2002-2006 2007-2011 2012-2016

Europe 79 46 52 75
United States 84 67 65 88
Japan 29 21 20 32
Other 4 14 12 38

GLOBAL COMPETITION IN LIFE SCIENCES INDUSTRY

While the United States leads in life sciences, it would be a mistake for policymakers to believe
that the United States can rest on its laurels. While NIH spending as a share of GDP has fallen
since 2003, a number of other countries, including China, have made long-term commitments

to grow biomedical sciences industry. Competitor countries have improved their institutional
framework surrounding biomedical research through innovations such as generous tax incentives
for biomedical innovation and regulatory reforms. But a significant factor has been increased
public funding for basic research. One recent review of the efforts by several countries found that,
“Although the United States continues to rank first in nearly all measures of innovation, the
countries profiled continue to make significant efforts to try to close the gap with the United
States.”??" It continued, “The trends over the past five years continue to suggest that, in all but a
few areas, the United States is not keeping pace and is actually losing ground.” 100

China’s Life Sciences Strategy

As with other advanced industries China has sought to be global competitive in, the Chinese
government views biotechnology as a strategic industry. In fact, through the central government’s
“Made in China 2025" plan, biomedicine as a key target. The plan set out the following goal to be
achieved by 2025:

Promote a large number of enterprises to achieve drug quality standards and systems that
are in line with international standards, among which at least 100 pharmaceutical
enterprises obtain U.S., EU, Japanese, World Health Organization authentication and
achieve product export; according to international drug standards, develop and promote
10-20 chemical drugs and high-end drugs, 3-5 new traditional Chinese medicines, 3-5
new biotech drugs complete drug registration in Europe, U.S. and other developed
nations, speed up the development of internationalization of domestically produced drugs.
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Before 2020 when international patents for blockbuster drugs expire, achieve over 90%
generic production. Achieve breakthroughs for 10-15 important core and critical

technologies; begin to establish national drug innovation system and innovation team. 0!

In addition to the national plan, at least 19 of China’s 23 provinces have their own Made in China
2025 plans focused on biomedicine.%?

China’s central, provincial, and local governments provide an array of incentives to
biopharmaceutical companies, including subsidized laboratory and small-scale production space
and free manufacturing space for up to five years. China also provides generous tax incentives to
biopharma companies, including a 15 percentage point reduction in corporate income taxes, and a
very generous R&D tax incentive. 193

Chinese governments have also established over 110 bioscience research parks. For example,
Shanghai’s “Pharma Valley”—a 10-square-kilometer life sciences hub—is home to more than 500
biotech companies.104 The Ministry of Science and Technology has committed to building as many
as 20 new bioscience research parks by 2020, with a total output value of the firms therein
surpassing 10 billion yuan ($1.45 billion).10°

The government also funds biomedicine start-ups directly. More than 1,000 government-funded
venture capital firms seeking to provide as much as $798 billion in capital have been
established.'®® This led to an increase in Chinese biotech venture funding from $0.5 billion in
2015 to $2.5 billion in 2018.1%” Moreover, in the first half of 2018 alone, China-based venture
capitallggnds invested $5.1 billion into U.S. biotech firms, ahead of the $4 billion for all of
2017.

Likewise, the Chinese government is investing significant amounts of money in key research areas.
In 2010, the China Development Bank provided a $1.58 billion line of credit to the Beijing
Genomics Institute (BGI), a private genome-sequencing center, to buy 128 advanced DNA-
sequencing machines. With this purchase, BGI became the world’s largest genetic sequencer,
accounting for roughly a quarter of all DNA data sequenced in the world in 2014.199 Since 2016,
it has allocated around $398.8 million (2.7 billion yuan) for stem cell research projects, 10
percent of which will be allocated to gene editing.110 And China has devoted $9.2 billion to its 15-
year Precision Medicine Initiative launched last year that seeks to map 100 million human
genomes—far in excess of the Obama administration’s $215 million investment targeting 1 million
patients.111 The Chinese government provided $295 million for fundamental stem cell research
under the twelfth Five-Year Plan.!'? China also produces 150,000 life science graduates annually.
Annually, more than 10,000 Chinese citizens studying or working in the life sciences in the United
States return to China after being aggressively recruited via the private sector or induced by
government initiatives such as the “Thousand Talents” program.113 Chinese researchers have
increased the number of published genome-related papers from 4.5 percent of the world’s papers
in 2010 to 17.3 percent by 2014.

Biopharmaceutical Competition From Other Nations
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According to OECD, of 25 nations, the United States ranked second from last in inflation-adjusted
growth in health research expenditures from 2006 to 2015. Only Italy (-27 percent) was below the
United States (-1 percent). In contrast, Denmark increased funding by 185 percent, South Korea
by 177 percent, Germany 65 percent, and the United Kingdom 55 percent (see table 2).
Moreover, at least 10 other nations have doubled their life sciences research budgets (when
controlling for inflation). And unlike the United States, few of them are likely to cut investment
levels going forward. In short, the notion that the U.S. lead in the biopharmaceutical industry is
unassailable, only because Congress supported the doubling of the NIH budget at the turn of the
millennium, is wishful thinking at best.

At least 10 other nations have doubled their life sciences research budgets
(when controlling for inflation). And unlike the United States, few of them are
likely to cut investment levels going forward.

Table 2: Government Budget Outlays for R&D 114

Percent Change

Country Since 2006
Denmark 185
Korea 177
Sweden 154
Austria 79
Germany 65
United Kingdom 55
Ireland 42
Netherlands 37
Belgium 32
Australia 27
Japan 11
Israel 9
United States -1
Italy -27
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We see this commitment across a number of nations. In the United Kingdom in 2012, the
Cameron government expanded its commitment to the life sciences.!!® The government’s
“Strategy for UK Life Sciences” identified a number of institutional initiatives to enhance the
competitiveness of the biomedical industry, including the creation of a “patent box” to lower the
tax rate on income from new patents, faster regulatory approval for new drugs, and institutional
reforms.

Over the past 15 years, Singapore has moved aggressively to increase its share of global life
sciences research. In 2003, the government created Biopolis, which provides dedicated research
and residential facilities, and places public research institutes next to corporate laboratories in an
effort to foster collaboration. Singapore has also provided direct funding to support research and
development by the pharmaceutical industry, devoting five times the percentage of its economy to
this effort as the United States.!'® Firms in Singapore are further aided by its business-friendly
environment. On average, it takes only three weeks to receive approval for clinical trials, and a
manufacturing facility can become operational within two to three years. As a result, the country is
now the regional headquarters for eight of the top ten global pharmaceutical firms. Altogether,
these efforts have had positive results. Singapore’s trade in pharmaceutical goods shifted from a
deficit of 0.01 percent of GDP in 2003 to a surplus of 3.86 percent in 2012.117 A report by
Singapore’s Agency for Science, Technology, and Research, within which there is a separate
Biomedical Research Council, is explicit about the government’s goal of using a collaborative and
integrated research and development system to become an attractive investment location for high-
value-added manufacturing by global companies.118 The government has also worked to
incorporate university research into its efforts, attracting outposts from leading research
institutions—including MIT, Duke, Johns Hopkins, Chicago, and Carnegie Mellon—and recruiting
leading scientists.!1?

In 2014, the Australian government announced the creation of a new Medical Research Future
Fund, which began operations in January 2015 with $780 million, accrued an account balance of
$6.4 billion by 2018, and has a target size of $14 billion by 2020.*%° If the Fund reaches its
goals, it will roughly double government funding for medical research. The creation of a large
endowment fund to underwrite medical research should provide stability in funding. Its intended
operation seems similar to that of the Wellcome Trust in the United Kingdom, which had an
endowment of $22 billion in 2013, and the Howard Hughes Medical Institute in the United States,
with an endowment of $17 billion.

CONCLUSION

There are at least four major justifications for a strong and growing U.S. government investment in
life sciences research. First, funding leads to better medicines and health outcomes for
Americans, and this reduces societal health care costs. Second, funding supports the ecosystem
conditions that enable a vibrant U.S. life sciences industry, with life science start-ups employing
35,000 workers across 1,600 firms—around 13 percent of which are growing rapidly in
employment and output.?!
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Third, NIH funding helps support U.S. biopharmaceutical industry competitiveness. The United
States has tough—and growing—competition for life sciences industry leadership, with a number
of nations investing more as a share of their GDP, including Denmark, Norway, Sweden, the United
Kingdom, and Spain. Moreover, many other governments, including China, are expanding
investments in life sciences research because they want to grow a competitive industry. While
these investments will increase biomedical innovation, it would be folly for the United States to
depend on these nations for future biomedical innovation, given then enormity of the challenge and
opportunity for biopharma innovation. There are thousands of diseases, including such major ones
as heart disease, cancer, mental illness, and Alzheimer’s, that cause human suffering and impose
massive economic costs. Other nations cannot and will not pick up the slack if U.S. investments
in biomedical research do not keep pace with economic growth.

Finally, the United States cannot afford to depend on foreign nations such as China for drugs. As
the Government Accountability Office has noted, there are problems with the safety and efficacy of
drugs from China. In addition, the Defense Department has a keen interest in ensuring a domestic
supply of, and not being reliant on a potential adversary for, certain drugs. Robust NIH funding
helps ensure America is not overly dependent on potential adversaries.

In short, increasing NIH funding such that it reaches the same R&D-to-GDP ratio as after its
doubling in 2003—and continuing to increase it at a slightly faster rate than nominal GDP growth
—will yield dividends for the U.S. economy for generations to come in the form of better health
and more cures, reduced health care costs, and a vibrant and globally competitive U.S. life
sciences industry.
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