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If the United States is serious about maintaining its leadership in biopharmaceuticals, then it’s
time for policymakers to articulate and embrace a robust sectoral competitiveness strategy.

KEY TAKEAWAYS
▪

The biopharmaceutical industry makes important contributions to the U.S. economy,
including employing over 500,000 workers making 1.4 times the U.S. earnings average.

▪

The United States leads the world on most indices of R&D investment and innovation.
From 2004 to 2018, U.S.-headquartered firms produced almost twice as many new
drugs as did firms in Europe, and 3 to 4 times as many as Japan.

▪

Despite U.S. strengths in biopharmaceutical R&D and innovation, manufacturing has
dropped. From 2009 to 2018, real value-added output in pharmaceutical and medicines
manufacturing fell by nearly one-third.

▪

Partly as a consequence, the U.S. trade balance in pharmaceuticals has grown from a
deficit of $16 billion in 2010 to a deficit of $77 billion in 2019.

▪

Calls for reshoring more biopharmaceutical manufacturing should distinguish between
mature manufacturing processes and those still evolving, as in continuous process
biomanufacturing, where U.S.-based production can enjoy unique strengths.

▪

America must continually bolster its biopharmaceutical leadership position, especially as
China implements ever-more aggressive policies to improve their life-sciences
competitiveness, not only in production but also in innovation.

▪

To support the sector, policymakers should focus on: 1) maintaining strengths, including
in pricing, tech transfer, and intellectual property; 2) spurring domestic innovation;
3) spurring increased domestic production; and 4) combatting foreign mercantilism.
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INTRODUCTION
Nations are competing for increased market share in a wide array of advanced-innovation
industries, understanding that these industries are the key to competitiveness, national security,
and good jobs. China’s “Made in China 2025” strategy is perhaps the most visible of these
efforts, but by no means the only one.
Many nations, including China, have targeted the biopharmaceuticals industry—an industry
which the United States has long led—especially in drug innovation. One result has been that
over the last decade U.S. biopharmaceutical manufacturing value-added output has fallen by
almost one-third, as the U.S. trade deficit in drugs and inputs has increased. Fortunately,
America still leads in innovation and drug development, in large part due to effective life-science
policies, including significant federal investment in life-sciences basic research, robust
intellectual property (IP) protections, effective technology transfer policies, investment
incentives, and, importantly, drug pricing policies that enable companies to invest in high-risk
drug development.
But if the story of the past decline, and even loss, of other critical U.S. industries provides any
guide, loss of U.S. production will ultimately lead to the loss of innovation capabilities as well. 1
It is not enough for the United States to lead in drug development, it must also at least hold its
own in drug production. This is especially true given the coming challenge from China, which
intends to dominate the global drug industry, at all phases, from innovation to production to
marketing.
If the United States is serious about biopharmaceutical competitiveness, an industry that it still has
strong capabilities in—unlike the telecom equipment or flat-panel display industries, to name just
two—then it’s time for Washington to articulate and embrace a robust national biopharmaceutical
competitiveness strategy.
Now is not the time for free-market complacency, hoping that America’s entrepreneurial spirit
and rule of law will somehow suffice (the United States didn’t gain its biopharma lead from a
laissez faire approach, and it certainly won’t keep its lead with it alone). Nor is it the time for
drug populism, a political movement that both sides of the aisle, but especially progressives,
have unfortunately embraced. Drug populism and its accompanying policies of weaker IP
protections and draconian drug price controls would likely result in cheaper drugs. But there
should be no confusion that it will lead to a hollowing out of U.S. capabilities, not just in
production but also in innovation (and, not to mention, fewer new lifesaving drugs). If the United
States is serious about competitiveness overall, and competitiveness in the biopharma sector
specifically, an industry that the United States still has strong capabilities in—unlike the
telecom equipment or flat-panel display industries, to name just two—then it’s time for
Washington to articulate and embrace a robust national biopharmaceutical competitiveness
strategy.
This report begins by examining the importance of America’s biopharmaceutical industry to the
country’s health and economy, assesses its competitiveness in a global context, explores
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challenges to America’s leadership, and offers a policy roadmap designed to ensure America
remains the world’s life-sciences innovation and production leader.
Policy recommendations include:

Maintain U.S. Strengths
▪

The Trump and future administrations should not introduce drug price control schemes,
such as the Department of Health and Human Services’ (HHS) proposed International
Pricing Index Model for Medicare Part B Drugs.

▪

The National Institute of Standards and Technology (NIST) should affirm that price is not
an adequate basis for the exercise of march-in rights under the Bayh-Dole Act.

▪

Congress should reauthorize the Prescription Drug User Fee Act (PDUFA) when renewal
comes up in 2022, and continue to incorporate innovation-enhancing elements to it.

▪

The U.S. Treasury should apportion any withheld user fees to the U.S. Patent and
Trademark Office (USPTO) with alacrity to fund continued, uninterrupted USPTO
operations.

Expand and Adopt New Policies to Spur Greater Domestic Innovation
Research & Development Funding
▪ Congress should at least restore National Institutes of Health (NIH) funding to 2003
levels as a share of gross domestic product (GDP), which would entail boosting NIH
funding by $11.6 billion annually.
▪

Congress should close the federal research and development (R&D) underinvestment gap
in the life-sciences and other sectors by passing the bipartisan Endless Frontiers Act.

▪

The Department of Commerce should promote the creation of R&D megafunds by
establishing an office to develop and implement the needed incentives and oversight for
the creation of megafunds.

Investment Incentives
▪ Congress should at least double the Alternative Simplified R&D tax credit.
▪

Congress should amend the existing collaborative R&D tax credit to allow companies to
take a flat 20 percent tax credit when they invest in university R&D activity.

▪

Congress should stimulate further investment in rare-disease R&D and innovation by
restoring the orphan drug tax credit to 50 percent.

▪

Congress should amend Section 469 of the tax code to permit passive investors to take
advantage of the net operating losses and research tax credits of the companies in which
they invest.

Supporting Data-Driven Drug Development
▪ Congress should direct HHS to implement a unique patient identifier, as originally
intended by the Health Insurance Portability and Accountability Act (HIPAA).
▪

Policymakers should enforce the publication of data from clinical trial results by directing
agencies such as the Food and Drug Administration (FDA) and NIH to be more aggressive
about penalizing noncompliance.
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▪

Congress should direct HHS to create a model for data trusts that facilitates data sharing
among biopharmaceutical stakeholders involved with data-driven drug development.

▪

Congress should increase the availability of new kinds of data from nontraditional
sources, such as biometric, lifestyle, and environmental data, to aid the drugdevelopment process, such as by ensuring NIH provides adequate funding supporting the
All of Us Research Program’s million-person research cohort.

▪

Congress should direct the FDA to develop best practices for data collection in health
care to ensure equitable outcomes.

▪

Congress should ensure the FDA has the resources necessary to increase foreign clinical
trial inspections, harmonize regulatory standards across national lines to meet the
agency’s satisfaction, and adopt risk-assessment analytics tools to prioritize inspections
for high-risk sites.

Expand R&D Talent
▪ Congress should appropriate $20 million per year for the establishment of a National
Science Foundation (NSF)-Industry Ph.D. Fellows Program, to support an additional
1,000 Ph.D. students in STEM (science, technology, engineering, and mathematics)
fields.
▪

Congress should make it easier for foreign graduates with a STEM degree to receive a
green card.

▪

The federal government should not restrict L-1 visas.

Collaboration to Increase Efficiency in Drug Development
▪ Federal support for joint industry-university research efforts in biopharma R&D efficiency
and effectiveness should be expanded.

Support Policies to Spur Increased Domestic Production
Support R&D for Biopharma Process Innovation
▪ Congress should significantly expand funding for biomedical Manufacturing USA centers,
including for the National Institute for Innovation in Manufacturing Biopharmaceuticals
(NIIMBL), as well as establish other centers that address related manufacturing
technology challenges.
▪

Federal funding for NIIMBL and the other Institutes of Manufacturing Innovation that
constitute the Manufacturing USA network should be ongoing and not sunset.

▪

Congress should fund NSF to both expand support to university-industry research centers
working on biopharmaceutical production technology and establish new centers.

▪

Congress should increase funding for NSF’s Division of Engineering, and target much of
the increase to the Chemical Process Systems Cluster and Engineering Biology and
Health Cluster.

▪

The administration should encourage the creation of the biopharma equivalent of the
Semiconductor Research Corporation, a public-private consortium dedicated to
developing long-term industry R&D and technology development roadmaps.
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▪

The industry should collaborate on a production technology innovation roadmap, and the
federal government should match industry funding to research institutes and universities
on a dollar-for-dollar basis.

▪

Congress should establish an investment tax credit for new manufacturing facilities and
equipment in the United States.

▪

Congress should expand the Manufacturing Engineering Education Grant program from its
current $15 million annual funding and direct the Department of Defense (DOD) to
develop a competition for biomedical manufacturing programs.

▪

Congress should expand funding for NSF’s Advanced Technical Education program and
target the funds to the development of centers focused on industry skill needs.

Create Incentives for Domestic Production
▪ Congress should task the administration with developing a national medical products
strategy that would identify key vulnerabilities in biopharmaceutical and medical-product
supply chains and develop solutions, where appropriate, to encourage reshoring or
promote greater levels of domestic manufacturing at home.
▪

Congress should create the equivalent of the CHIPS (Creating Helpful Incentives to
Produce Semiconductors) Act and American Foundries Act, legislation supporting the
expansion of U.S. semiconductor production, for the biopharmaceutical industry. This
would include allocating at least $5 billion per year to states (matched at least with 50
cents in state funding for every $1 in federal funding) to provide incentives for the
establishment of new biomedical production facilities in the United States.

▪

Congress should restore the tax credit for biopharma production in Puerto Rico and other
U.S. territories.

Reform Regulations of Biomedical Production
▪ Congress and the administration should continue to work with the FDA to streamline and
accelerate the agency’s capacity to evaluate and approve innovative new pharmaceutical
manufacturing processes.

More Aggressively Contest Foreign Biopharmaceutical Mercantilism
▪

A key objective of U.S. trade policy should be to prevail on America’s trade partners to
appropriately value innovative medicines.

▪

Congress should use the opportunity of Trade Promotion Authority (TPA) renewal to affirm
that a key priority of U.S. trade policy should be that America’s trade partners pay their
fair share for innovative drugs.

▪

U.S. trade policy needs to resist the mistaken view that IP is not a trade policy issue. At a
minimum, U.S. administrations should continue to seek at least 10 years of data
exclusivity in Federal Trade Agreements (FTAs), including the FTA currently being
negotiated with the United Kingdom and also the Comprehensive and Progressive TransPacific Partnership (CPTPP), which the next presidential administration should seek for
the United States to join.

▪

The United States Trade Representative’s (USTR) Office should continue to contest
countries’ data localization practices and restrictions on genomic data movement as well
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as promoting rules, such as those in the United States-Mexico-Canada (USMCA) free
trade agreement (FTA), that promote open data flows and proscribe data localization
measures.
▪

U.S. policy should promote the development of an interoperable, integrated global digital
health framework.

IMPORTANCE OF THE U.S. BIOPHARMACEUTICAL INDUSTRY
The biopharmaceutical industry makes significant contributions to both America’s health and
economy. The following section examines both in turn.

Contribution to Health
Medicines are critical to health. Since 2000, the FDA has approved more than 500 new
medicines. 2 As of 2020, biopharmaceutical companies in the United States have more than
3,400 drugs under clinical development, accounting for almost half of the estimated 8,000
medicines under development globally (1,100 of which are being developed to treat various
forms of cancers). 3 And while some have asserted that biotechnology companies focus too often
on “me-too” drugs that compete with other treatments already on the market, the reality is that
most of the drugs currently under development seek to tackle some of the world’s most
intractable diseases, including Alzheimer’s, cancer, and communicable diseases. This includes
130 coronavirus vaccines under development globally as well as 144 active trials of coronavirus
therapeutic agents, and another 457 development programs for new therapeutic agents, which
the FDA is tracking through its Coronavirus Treatment Acceleration Program. 4
Moreover, such arguments miss that many of the drugs developed in recent years have in fact
been first of their kind. For instance, in 2014, the FDA’s Center for Drug Evaluation and
Research (CDER) approved 41 new medicines (the most since 1996 at that point), many of
which were first-in-class medicines, meaning they represent a possible new pharmacological
class for treating a medical condition. 5 In that year, 28 of the 41 drugs approved were
considered biologic or specialty agents, and 41 percent of medicines approved were intended to
treat rare diseases. In 2018, CDER approved a record 59 novel drugs, and in 2019, 48 novel
drugs, making 2019 the third-largest approval class in the past 25 years. 6 As of 2020, 74
percent of medicines in clinical development in the United States are potentially first-in-class
medicines, including 86 percent for Alzheimer’s, 70 percent for various forms of cancer, and 73
percent for cardiovascular diseases. 7
Biomedical innovation generates a positive economic impact. Frank Lichtenberg found that
pharmaceutical innovation accounted for 73 percent of the increase between 2000 and 2009 in
life expectancy at birth in 30 countries (or 1.27 years of the 1.73-year increase in life
expectancy). 8 Another study by Lichtenberg found that drugs launched since 1982 have added
150 million life-years to the lifespans of citizens of the 22 countries analyzed, with the average
pharmaceutical expenditure per life-year saved being $2,837. 9 A related study found that if no
new drugs had been launched after 1981, the number of years of life lost would have been more
than twice as high as it actually was. 10
Further, Lichtenberg calculated that the years of life lost before the age of 85 in 2013 would
have been 2.16 times as high if no new drugs had been launched after 1981. 11 For instance,
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consider cancer: Since peaking in the 1990s, U.S. cancer death rates have declined by 27
percent. 12 Approximately 73 percent of survival gains in cancer are attributable to new
treatments, including medicines. 13 The development of breakthrough drugs such as Imatinib for
chronic myeloid leukemia (CML) has increased the five-year survival rate for CML patients to 89
percent, with many CML patients now living close-to-normal lifespans. 14 In fact, an individual
with CML who has been treated with Imatinib and has been in remission for two years has the
same life expectancy as someone who does not have cancer. 15 Likewise, Yervoy, a breakthrough
treatment for patients with advanced metastatic melanoma that heralded the start of the cancer
immunotherapy field using a technique known as chokepoint blockading, has enabled over onequarter of patients to still be living at least 4.5 years after treatment. 16
Thus, far from being the leading cause of rising U.S. health-care system costs, greater levels of
life-sciences innovation will be key to limiting the growth of health-care system costs. Indeed,
significant economic benefits could be achieved if innovative medicines could make progress
toward addressing some of the most intractable diseases. 17 For instance, a 1 percent reduction in
mortality from cancer would deliver roughly $500 billion in net present benefits, while a cure
could deliver $50 trillion in present and future benefits. 18 Likewise, the financial impact of
Alzheimer’s disease is expected to soar to $1 trillion per year by 2050, with much of the cost
borne by the federal government, according to the Alzheimer’s Association report “Changing the
Trajectory of Alzheimer’s Disease.” 19 However, the United States could save $220 billion within
the first 5 years, and a projected $367 billion in the year 2050 alone, if a cure or effective
treatment to Alzheimer’s disease were found. The potential economic opportunity associated with
curing brain diseases and related disorders could be more than $1.5 trillion per year—equivalent
to 8.8 percent of GDP. 20
Far from being the leading cause of rising U.S. health-care system costs, greater levels of lifesciences innovation over the long term will actually be key to limiting the growth of health-care
system costs.
But even short of breakthrough cures, the economic benefits of pharmaceutical innovation are
manifold. For instance, Lichtenberg found that “the value of reductions in work loss days and
hospital admissions attributable to pharmaceutical innovation was three times larger than the
cost of new drugs consumed.” 21 Lichtenberg further found that the mean number of lost work
days, lost school days, and hospital admissions declined more rapidly among medical conditions
with larger increases in the mean number of new (post-1990) prescription drugs consumed. 22 He
further found that “the use of newer prescription drugs also reduced the ratio of the number of
workers receiving Social Security Disability Insurance benefits to the working-age population, and
has had a positive effect on nursing home residents’ ability to perform activities of daily living.” 23
U.S. health spending to treat major chronic diseases and conditions topped $1.1 trillion in
2018. 24 Ideally, biopharmaceutical innovation can help bring down chronic-care costs by
producing cures, as Gilead Sciences did when it introduced Sovaldi, offering a true cure for
hepatitis C virus (HCV) patients, for whom the cost of treatment ranges from $1 billion to $2.3
billion per 10,000 HCV-infected patients, depending on the treatment regimen. 25 As Weiner and
Lucas wrote, “Despite its cost, HCV treatment provides good value for the money, as expressed in
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terms of cost-effectiveness.” 26 Overall, new hepatitis C cures have the potential to reduce future
U.S. health care spending by $115 billion. 27

Economic Contribution
As a sector that is globally traded (as opposed to non-traded sectors such as dry cleaners and
barber shops), the biopharmaceutical industry makes important contributions to the U.S.
economy not only by creating direct economic activity but also by supporting indirect activity.
Pharmaceutical and medicine manufacturing accounted for 0.95 percent of private-sector value
added in 2018. 28 Biotech R&D establishments accounted for another 0.23 percent. 29 The
industry operates approximately 1,100 plants involved in the production of human-use
medicines across 45 states and Puerto Rico. 30
The industry also generates downstream economic impacts. Expenditures by 17 large
biopharmaceutical companies made to suppliers in the United States amounted to more than
$58 billion in 2015.31 And construction spending on 249 major new or upgraded R&D and
manufacturing plants amounted to more than $22.4 billion in 11 states from 2012 to 2017,
with an estimated additional $4 billion annually through 2020. 32

Employment Contribution
U.S. biopharmaceutical employment exceeded 500,000 employees as of May 2019, including
297,000 workers in pharmaceutical manufacturing and just over 200,000 biotechnology R&D
workers. (See figure 1 and figure 2.) In addition, there are likely tens of thousands more workers
employed in pharmaceutical R&D, however U.S. government statistics do not allow for the data
to be broken out at that level. Examining the pharmaceutical sector alone, 71,000 (or 23.9
percent) of its workers were in STEM occupations, more than four times the national average of
5.7 percent. This ranks the pharmaceutical industry as the 6th-most-concentrated source of
STEM workers out of 68 manufacturing industries, and 14th out of 244 industries overall. 33
While every other U.S. manufacturing sector experienced job losses in the late 2000s,
employment in the pharmaceutical industry fell a relatively small 3 percent from 2007 to 2010,
and increased by over 25 percent from 2010 to 2019. (See figure 2.)
Figure 1: U.S. biopharmaceutical employment (thousands) 34
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Figure 2: Biopharmaceutical workers by industry, 2007 and 2019 (thousands) 35
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Figure 3: Real average wages in biopharmaceuticals and for all workers (2018 dollars) 36
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Many nations target competitiveness in the biopharmaceutical sector because it provides highpaying jobs. On average, wages for biopharmaceutical workers topped just over $140,000 in
2019, compared with $58,200 for all U.S. workers. 37 (See figure 3.) U.S. biopharmaceutical
manufacturing jobs paid an average wage of $117,700 in 2019, while biotechnology R&D-firm
jobs paid an average of $181,200 annually.
The industry also provides relatively well-paid jobs for workers without a college degree. In 2017,
the industry employed 153,000 workers who did not have a college degree, at an annual average
wage of $50,900, 54 percent higher than the average wage for all non-college-educated
workers. 38
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Value-Added Economic Output
From 1999 to 2009, pharmaceutical and medicines manufacturing real (inflation-adjusted)
value added grew faster than the rest of U.S. manufacturing: 25 percent versus 16 percent. But
starting in 2009, the picture reversed. From 2009 to 2018, real value-added output fell by
nearly one-third, while the rest of U.S. manufacturing increased by 23 percent. 39 (See figure 4.)
(Value added is defined as the value of final sales minus inputs, such as raw materials, energy,
etc.) One study found that “between 2013 and 2017 the United States lost about 22 percent of
its drug manufacturing, while the number of foreign facilities selling to the United States
declined by just 10 percent for active pharmaceutical ingredients (API) production and 3 percent
for final drug production.” 40
Figure 4: Change in real value added for pharmaceutical and medicines manufacturing (1999=100) 41
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The biopharmaceutical industry provides relatively well-paid jobs for workers without a college
degree. U.S. biopharmaceutical manufacturing jobs paid an average of $117,700 in 2019, while
biotechnology R&D firm jobs pay an average of $181,200 annually.
In contrast, pharmaceutical change in real gross output increased by 20 percent from 1999 to
2008, and by 5 percent from 2008 to 2018, compared with a 10 percent decrease and 20
percent increase in other manufacturing over the same periods. (See figure 5.) This suggests that
pharmaceuticals producers in the United States have increased their revenues but have become
increasingly reliant on importing more inputs than they had before. 42
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Figure 5: Change in real gross output for pharmaceutical and medicines manufacturing (1999=100) 43
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In terms of the ratio of value-added to gross output from 1998 to 2018, the ratio for overall
manufacturing increased, but the ratio for pharmaceutical manufacturing fell, especially after
2009, consistent with the explanation that companies were relying more on foreign inputs, while
there was little change in the overall economy over this time. (See figure 6.) Nevertheless,
pharmaceutical manufacturing still remains a high value-added industry: In 2018, value added
accounted for 46 percent of the industry’s total output, compared with 35 percent for
manufacturing overall.
From 2009 to 2018, real (inflation-adjusted) value-added output in pharmaceutical and medicines
manufacturing fell by nearly one-third, while the rest of U.S. manufacturing increased by 23 percent.
Figure 6: Ratio of real value added to real gross output as a share of GDP, 1998–2018 44
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R&D
The biopharmaceutical industry invests more in R&D than almost any other sector, yet it spends
less on advertising than the U.S. industry average. 45 The industry invests on average over 20
percent of its sales in R&D since 2000. 46 In 2017, the pharmaceuticals and medicines industry
invested $104.8 billion in worldwide research, of which 64 percent was performed by the
companies themselves and the rest by others, including universities. 47 In 2017, the industry
conducted $78.2 billion in worldwide research, with this amount complemented by an additional
$6.4 billion in biotechnology R&D. Industry-funded, U.S.-conducted pharmaceuticals and
medicines R&D investment increased from $12.2 billion in 1999 to $66 billion in 2017. 48 Half
of company-funded biopharmaceutical research was performed by companies with 10,000
employees or more. 49
Total biopharmaceutical R&D investment (company-funded and other) in 2017 equaled 21.9
percent of domestic sales, over four times greater than the average for all U.S. industries, at 4.9
percent. 50 The sector accounted for almost 17 percent of U.S. business R&D performance, vying
that year for the lead with computer and electronic products manufacturing (which accounted for
20 percent). 51
Moreover, while the industry accounts for 16.8 percent of all U.S. business R&D, it accounts for
61 percent of all business R&D funding of universities. 52 For example, many of the U.S.
universities that receive the largest share of their R&D support from industry—including Duke,
the University of Alabama at Birmingham, University of Texas MD Anderson, and the University
of Pennsylvania—have world-leading biomedical research programs. 53

Patenting
From 2009 to 2018, life-sciences patents issued by the USPTO to U.S. inventors increased 142
percent, from 1,597 in 2009 to 3,863 in 2018. (See figure 7.) However, patents issued to
foreign inventors grew at a faster rate, 168 percent, over this time.
Figure 7: USPTO-issued pharmaceutical patents, 2009 to 2018 54
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The number of U.S. pharmaceutical patent applications to USPTO increased over eight-fold from
1,261 in 1991 to 10,630 in 2019, while the number of U.S. biotechnology patent applications
increased 6.5-fold, from 641 to 4,175 over that time period. (See figure 8.)
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Figure 8: Number of U.S. life-sciences patent applications to USPTO, 1991–2019
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New Drugs
The pace of biomedical innovation has grown over the past two decades. The FDA CDER’s 5-year
rolling approval average stands at 44 new drugs per year, double the lowest 5-year rolling
average, of 22 drugs approved, realized in 2009. (See figure 9.) The trend lines for both nonmolecular entities (NMEs) and biologics license applications (BLAs) are rising.
In 2019, cancer remained the dominant therapeutic area, accounting for 11, or 23 percent, of
drug approvals (in line with a 25 percent average over the past 5 years), followed by neurological
drugs, with 9, or 19 percent, of approvals, and non-cancer hematology products, with 13 percent
of approvals. 55
Figure 9: FDA annual approvals of NMEs and BLAs, 1999–2019 56
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Figure 10: Drug approvals by regulatory designation, 2014–2019 57
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In 2019, 28 CDER-approved drugs (58 percent) were of priority review products, for therapies
expected to offer significant improvement over existing products, while 13 (or 27 percent) of the
drugs approved were breakthrough designees, as they likewise represent substantial
improvements over existing drugs (these categories are not mutually exclusive). (See figure 10.)
Twenty-one, or 44 percent, of the drugs approved treat rare diseases, those that afflict fewer than
200,000 patients, while 19 percent of products received accelerated approval on the basis of
improvements in surrogate endpoints rather than clinical ones. 58 In 2018, personalized
medicines accounted for 42 percent of new medicines approved by the FDA, a sharp increase
from 2005, when just 5 percent were personalized medicines. 59 (Figure 10 also compares the
2019 figures with the 2014 to 2018 average.) Taken together, these numbers show how the
PDUFA has stimulated biopharmaceutical innovation by creating new regulatory-approval
pathways such as the breakthrough designation.

Trade Performance
The nominal value of U.S. biopharmaceutical exports increased 35 percent from 2010 ($49.4
billion) to 2019 ($66.7 billion). However, U.S. GDP increased 48 percent over this time. To
have kept pace with the growth of GDP, exports would have had to increase to $73 billion. Over
the same period, imports grew from $87 billion to $152 billion, a 75 percent increase. 60
This is one reason why the U.S. trade deficit in the sector has significantly worsened over the
past decade, more than quadrupling from a deficit of $16 billion in 2010 to $77 billion in
2019. In 2000, the trade deficit in the sector was just $2 billion. (See figure 11.)
The U.S. trade balance in pharmaceuticals with peer nations has steadily worsened since 1991.
(See table 1.) There are a number of likely reasons for this poor trade performance. Low wages
are a main driver in the case of India, but don’t provide an explanation for the sizeable trade
deficits with nations such as Germany, Switzerland, and Ireland. In 2016, average
manufacturing labor costs in dollar terms were 55 percent higher in Switzerland, 11 percent
higher for Germany, and just 9 percent lower in Ireland. 61 In the case of Germany and
Switzerland, the competitive strength of leading companies such as Bayer, Roche, and Novartis,
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coupled with both nations having strong national manufacturing and engineering systems as well
as financial systems that don’t penalize companies for investing heavily in long-term capital
intensive assets, likely explains much of the surplus.
Figure 11: U.S. trade balance in pharmaceutical products and preparations 62
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Table 1: Trade balance in pharmaceuticals with the United States (in billions) 63
Country

1991

1996

2001

2006

2011

2016

2019

Canada

$0.4

$0.6

$0.9

-$0.2

$1.0

-$1.2

-$1.0

China

$0.0

$0

$0

-$0.1

$0.1

$0.6

$2.5

$0

$0

-$0.8

-$2.7

-$2.3

-$2.0

-$2.4

$0.1

$0.1

-$1.6

-$4.8

-$6.0

-$10.6

-$12.4

$0

$0

-$0.1

-$0.4

-$3.2

-$7.2

-$7.4

-$0.1

-$0.3

-$1.7

-$5.5

-$13.6

-$13.7

-$23.7

Israel

$0

-$0.1

-$0.5

-$2.4

-$5.5

-$4.8

-$2.0

Japan

$0.4

$0.3

-$0.5

$0.1

$1.3

$1.7

-$0.4

Netherlands

$0.1

$0.1

$0.4

$3.8

$2.4

$2.9

$1.2

Singapore

$0

$0

$0

-$2.4

-$1.1

-$1.2

-$3.4

South Korea

$0

$0.1

$0.1

$0.2

$0.6

-$1.8

-$1.0

Switzerland

-$0.2

-$0.4

-$0.6

-$0.4

-$4.3

-$8.2

-$13.7

United Kingdom

-$0.3

-$0.6

-$0.2

-$1.3

$0.6

-$1.7

-$2.0

Rest of World

$0.7

$0.9

$1.1

-$1.2

$2.3

$1.7

-$9.0

United States

$1.1

$0.7

-$3.5

-$17.3

-$27.8

-$45.6

-$74.7

France
Germany
India
Ireland

In the case of Ireland, the deficit is largely caused by tax policy. The Irish corporate tax rate is
just 12.5 percent (6.25 percent on revenue tied to a patent or intellectual property). Some
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companies, including Salix Pharmaceuticals and Medtronic, moved their corporate headquarters
to Ireland to take advantage of this low rate. Other countries “domiciled” their intellectual
property abroad by transferring ownership to a foreign subsidiary. 64 Until the 2017 tax reform,
the United States taxed the worldwide income of its companies at a high 35 percent marginal tax
rate. The 2017 tax reform was supposed to remove much of this disparity. The reform bill
lowered the statutory rate to 21 percent. It also inserted a new provision giving companies an
even lower rate on income derived from exports of intellectual property developed in the United
States. 65 However, the reform might have had the opposite effect, causing pharmaceutical
imports from Ireland to grow. 66 The movement away from taxing worldwide income may be
outweighing the effect of the lower statutory tax since U.S. countries no longer need to move
their headquarters to avoid U.S. tax. The OECD Base Erosion Profit Shifting (BEPS) process is
working to develop a common approach, including establishing a global minimum tax, which
would address this challenge. 67
Figure 12: BEA import/export price indexes for pharmaceutical and medicine manufacturing (Dec. 2005 = 100) 68
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However, some of the high trade deficit in pharmaceuticals is at least partially due to
mismeasurement of the value of exports and imports. One reason for this is that most other
nations impose significant price controls on pharmaceuticals, artificially reducing the value—but
not the quantity—of exports, making the trade deficit look worse than it actually is. The Bureau
of Economic Analysis generally bases its values of traded goods on the value declared by the
shipper. A foreign country imposing price controls on drugs is likely to lead U.S. exporters to
value the declared drugs at the lower, policy-constrained price. In contrast, a foreign
manufacturer shipping a similar drug in the same quantities to the United States will be
recorded at the higher U.S. price, resulting in an import/export imbalance. The divergent prices
help explain roughly 40 percent of the U.S. pharmaceutical trade deficit in 2016. (See figure
12.) In other words, foreign price controls appear to inflate the actual trade deficit, making it
look roughly two-thirds larger than it would be without price differences.
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INTERNATIONAL COMPARISONS
The United States remains the leader in drug discovery, ranking first in nearly all measures of
innovation. 69 For example, the 2017 Biopharmaceutical Competitiveness and Investment Survey
ranked the United States first among mature markets—improving slightly from its 2016 score,
with 86.89 out of 100—followed by Switzerland, Germany, and the United Kingdom. 70 The
United States scored higher than the average of its top-three competitors in each of the survey’s
five categories, in addition to recently being ranked as the top location for life-sciences jobs in
the world. 71

Leading Firms
The United States accounts for 3 of the world’s 5 largest biopharmaceutical companies (Johnson
& Johnson, Pfizer, and Merck) and 9 of the 20 largest. (See table 2.) Moreover, all of these
foreign firms have significant numbers of jobs in the United States. For example,
GlaxoSmithKline employs approximately 10,000 workers in the United States. 72 Novartis
employs approximately 15,000 workers, located its global R&D headquarters, and has its latestgeneration cell and gene manufacturing facilities in the United States.
Table 2: World’s top-20 pharmaceutical companies by 2019 revenues 73

Company

Headquarters

Johnson & Johnson

United States

$82.1

Roche

Switzerland

$63.5

Pfizer

United States

$51.7

Novartis

Switzerland

$47.4

Merck & Co.

United States

$46.8

GlaxoSmithKline

United Kingdom

$43.3

Sanofi

France

$40.5

AbbVie

United States

$33.3

Takeda

Japan

$29.9

Bayer

Germany

$26.6

Bristol Myers Squibb

United States

$26.1

AstraZeneca

United Kingdom

$23.6

Amgen

United States

$23.4

Gilead Sciences

United States

$22.4

Eli Lilly

United States

$22.3

Boehringer Ingelheim

Germany

$21.3

Novo Nordisk

Denmark

$18.0

Teva Pharmaceutical Industries

Israel

$16.9

Allergan

Ireland

$16.1

Biogen

United States

$14.4

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

2019 Revenues (Billions)

PAGE 16

R&D Investment
The United States has been the world’s largest global funder of biomedical R&D investment over
the past two decades—considering all investments made by government, companies,
foundations, and universities—a share that some analyses suggested reached as high as 70 to
80 percent over that period. 74
Considering enterprise R&D investment alone, companies in the United States invest far more in
research than companies in other nations, and have increased their R&D investments by 20
percent since 2008. (See table 3.) Elsewhere, Chinese R&D grew over 300 percent from 2008 to
2017, while South Korea experienced 86 percent growth. In contrast, investment fell in Canada
by 34 percent, in France by 24 percent, and in the United Kingdom by 6 percent.
Table 3: Business enterprise R&D investment by industry, 2017 75
Country
Belgium

Pharmaceuticals
(Millions, in 2015 Dollars)

Increase Since 2008

$2,691

71%

$394

-34%

$14,699

307%

Denmark

$1,309

34%

France

$1,044

-24%

Germany

$5,823

19%

$789

12%

$14,158

15%

$1,576

86%

$541

-6%

$63,966

20%

Canada
China

Italy
Japan
South Korea
United Kingdom
United States

The United States also leads when investment in research is compared with GDP. Private
investment in R&D in the United States amounted to 0.35 percent of GDP, compared with 0.25
percent for Japan, and 0.10 percent for Europe, meaning that as a share of GDP, U.S.
companies invest more than three times the amount that European companies invest. (See figure
13.) Across the rest of the Organization for Economic Cooperation and Development (OECD),
private enterprise invests 0.03 percent of GDP on pharmaceutical R&D.
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Figure 13: Business investment in pharmaceutical R&D in 2016 as a percentage of GDP 76
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As a share of GDP, U.S. pharmaceutical companies invest more than three times the amount in R&D
than their European peers do.
A better way of considering private research contributions is as a percentage of the gross value
added created by each industry. On this metric, U.S. pharmaceutical companies rank extremely
well. In 2014, the latest year for which data is available, the U.S. pharmaceutical industry
reinvested 32.3 percent of its total value added back into research. (See figure 14.) This was a
higher percentage than for any other U.S. industry. Among other countries, it was surpassed only
by Japan, which invested 41.8 percent of value added on R&D. Across OECD, the industry
invests nearly 12 percent of its gross value added on R&D.
Figure 14: Business enterprise R&D expenditure as a portion of gross value added 77
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Likewise, when considered on an individual company level, U.S.-headquartered firms generally
lead their international peers in R&D intensity (R&D investment as a percentage of sales). U.S.based biopharmaceutical companies consistently led in R&D intensity in “The 2019 EU
Industrial R&D Investment Scoreboard.” (See table 4.) Of the top-25 leading biopharma R&D
investors in the study, 7 of the top-10 with the greatest R&D intensity hailed from the United
States. And while certainly relatively smaller firms such as Incyte and Vertex can have muchgreater R&D intensities, the trend follows for even the larger firms such as Celgene, Bristol Myers
Squibb, and Merck. On average, of the top-25 biopharmaceutical R&D-investing companies in
the study, American firms averaged an R&D intensity of 25.2 percent, Japanese firms 18.1
percent, and European firms 15.5 percent. 78 In terms of aggregate amounts, among the top-25
biopharmaceutical R&D investors, American firms accounted for €53.5 billion of R&D
investment, European firms €47.9 billion, and Japanese firms €6.24 billion.
Table 4: Leading biopharmaceutical investors on the 2019 EU Industrial R&D Investment Scoreboard 79

Company

Headquarters

R&D Investment
(Billions of Euros)

R&D Intensity (%)

Incyte

United States

1.0

62.6

Vertex Pharma

United States

1.2

46.2

Celgene

United States

4.0

29.8

Bristol Myers Squibb

United States

5.5

27.8

AstraZeneca

United Kingdom

4.6

24.0

Merck US

United States

8.5

22.9

Daiichi Sankyo

Japan

1.6

21.9

Roche

Switzerland

9.8

19.4

Biogen

United States

2.3

19.3

Gilead Sciences

United States

3.7

19.0

Takeda

Japan

2.9

17.6

Novartis

Switzerland

8.0

17.2

Sanofi

France

5.9

17.1

Otsuka

Japan

1.7

16.7

AbbVie

United States

4.6

16.0

Astellas Pharma

Japan/United States

1.6

16.0

Amgen

United States

3.3

15.7

Eli Lilly

United States

3.2

15.0

Merck DE

Denmark

2.2

15.0

Pfizer

United States

6.8

14.5

Allergan

Ireland

2.0

14.3

Johnson & Johnson

United States

9.4

13.2

Bayer

Germany

5.1

12.9
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R&D Performance
The location of the R&D activity is as important as the extent of nations’ and enterprises’ R&D
investment. To begin with, the United States leads the world in both overall clinical trial activity,
a global market valued at $47 billion in 2019, as well as early-stage clinical research. 80 Almost
one-third of global biopharmaceutical R&D activity occurs within the United States. (See figure
15.) Similarly, the world’s leading life-sciences companies conduct the bulk of their life-sciences
R&D activity in the United States. (See figure 16.)
Figure 15: Where global biopharmaceutical R&D is occurring 81
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Germany, 6%
United States,
32%

Canada, 6%

France, 6%

Rest of Europe,
8%

China, 8%
United Kingdom,
9%

Rest of Asia
Pacific, 9%

Central/South
America & Africa,
10%

Figure 16: Countries where "Top-10" life-sciences R&D companies are conducting their R&D activity 82
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However, this strong performance in R&D and innovation should not be cause for complacency.
As the U.S International Trade Administration wrote: “Conditions that limited R&D offshoring in
the past, such as market proximity and availability of talent, are rapidly shifting. The
pharmaceutical sector is often targeted by protectionist or industrial policies as governments
around the world view it as strategically import.” 83

Scientific Publications
The five leading nations for scientific publications in the health sciences as of 2018 were the
United States, China, the United Kingdom, Japan, and Germany. The United States produced
over 140,000 such publications in 2018, up 40 percent from about 100,000 in 2000. Health
sciences publications held constant in most other nations, but China’s increased over nine-fold,
from 7,600 to almost 70,000. (See figure 17.)
Figure 17: Countries’ health sciences scientific publications 84
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U.S. biology and biomedicine scientific publications increased overall from 2000 to 2018, but,
troublingly, decreased from 2014 to 2018. (See figure 18.) China’s biology and biomedicine
scientific publications increased from 6,200 in 2000 to over 52,000 in 2018, an eight-fold
increase. Germany’s and the United Kingdom’s publication levels remained mostly level,
although India’s more than doubled over this time.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 21

Figure 18: Countries’ biology and biomedicine scientific publications 85
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Patents
The OECD provides internationally comparable data on triadic patents, which refer to a series of
corresponding patents filed simultaneously at the European, Japanese, and U.S. patent offices.
The United States leads Europe, Japan, China, and other nations combined in terms of triadic
biotechnology and pharmaceutical patent applications. U.S. filings increased by several hundred
annually from 1999 to 2015; however, they dipped from a high of 5,694 in 2005 to 4,688 in
2015, the latest year for which this data is available. (See figure 19.)
Figure 19: Number of triadic biotechnology and pharmaceuticals patent applications by priority date 86
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Figure 20: Number of triadic biotechnology and pharmaceuticals patent applications per trillion of U.S. GDP in
2019 87
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Japan’s filings of triadic biotechnology and pharmaceutical patent applications increased by 40
percent from 2009 to 2015. Moreover, Japan actually leads the United States when the number
of triadic biotechnology and pharmaceutical patent applications are considered as a share of
GDP, with the country producing almost twice as many patents as European Union countries as a
share of GDP. (See figure 20.) What is particularly striking—though not unexpected given their
policies—is the EU’s poor performance, including on drug pricing.
From 2004 to 2018, U.S.-headquartered enterprises produced almost twice as many new drugs as did
European ones, and three to four times as many as Japan, or all other nations combined.

New Drugs
The acid test of nations’ and enterprises’ investments in R&D and scientific publications is
whether this effort actually translates into the introduction of new-to-the-world drugs. On this
score, again, the United States excels, and its lead is growing. According to data provided by the
European Federation of Pharmaceutical Industries and Associations, from 2004 to 2018, U.S.headquartered enterprises produced almost twice as many new chemical or biological entities
(NCEs and NBEs) as did European ones, and three to four times as many as Japan, or all other
nations combined. (See table 5.) From 2009 to 2018, U.S.-headquartered companies
outstripped European ones with 189 to 133 new NCEs and NBEs (and Japan and all other
countries 189 to 111). Note that this growth is part of an even longer-term trend; between 1975
and 1979, Europe led the United States, with 149 drugs to 66. 88 When considering new drugs
as a share of GDP, the United States also leads, but not by as much, followed by Japan and
Europe (See table 6.)
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Table 5: Number of new chemical or biological entities 89

Region

1999–2003

2004–2008

2009–2013

2014–2018

Total:
2009–2018

Europe

62

47

66

67

133

U.S.

73

67

64

125

189

Japan

28

16

26

34

50

Other

8

14

23

41

64

Table 6: Number of new chemical or biological entities, per $ trillion 90

Region

1999–2003

2004–2008

2009–2013

2014–2018

Total:
2009–2018

Europe

1.53

0.70

0.88

0.91

0.90

U.S.

1.38

0.98

0.82

1.32

1.10

Japan

1.25

0.68

0.91

1.42

0.95

Other

0.14

0.13

0.13

0.20

0.17

Value Added and Trade Performance
The U.S. pharmaceutical industry produced $181.8 billion of value added in 2018, up 107
percent from the $88 billion it produced in 2002. However, global value added increased much
more, at 170 percent. Some of that increase globally reflected the growth of domestic markets
and resultant local production in developing nations. For example, Chinese output grew by more
than 10 times, while Indian value added grew by 7 times. (See figure 21.) As a result, China now
ranks third behind the European Union and the United States in biopharma production. But
some of this increase was in mature regions where markets were not growing, but production
was. For example, value added doubled in Germany and almost tripled in Switzerland. As a result
of this increased international competition, the United States’ share of the world total of global
pharmaceutical industry value added fell from 34 to 26 percent from 2002 to 2018, while
China’s grew over four-fold from 5.6 to 23 percent. (See figure 22.)
Figure 21: Global value added of pharmaceutical industry (millions) 91
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Figure 22: Shares of value added in global pharmaceutical industry, by select country 92
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Trade Performance
As discussed, the United States has been running growing trade deficits in pharmaceutical
products since 2001, but the increase accelerated after 2009 and has carried through to 2019.
The U.S. trade deficit in pharmaceutical products significantly worsened over this period. Japan
also runs trade deficits. Switzerland and, to a lesser extent, Germany, India, and Singapore have
seen growing trade surpluses in the sector. (See figure 23.)
Figure 23: Trade balance in pharmaceutical products and preparations, 2000–2019 (in millions) 93
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THE U.S. POLICY SYSTEM
There is a phrase that many advocates of stronger U.S. competitiveness use: “Invent and make in
America.” 94 In other words, while global leadership in the innovation part of the production
process is critical, nations also need at least reasonable strengths in manufacturing, especially
the manufacturing of complex drugs.
The United States was once a global also-ran in biomedical innovation, but it’s become the world
leader thanks to the adoption of a broad set of public policies including increases in public
investment in biomedical research; effective technology transfer and commercialization
mechanisms; robust IP protections; a pricing system that allows innovators to earn sufficient
revenues to reinvest in innovation; tax incentives to encourage investment; and an effective drug
approval system.
A signature strength of America’s biopharmaceutical innovation system has been complementarity
between public and private-sector investment in life-sciences R&D.

Complementary, and Robust, Public and Private-Sector R&D Investment
A signature strength of America’s biopharmaceutical innovation system has been the
complementarity between public and private-sector investment in life-sciences R&D. The federal
government, principally through NIH, funds basic research in the life sciences that sets the stage
for the industry-led basic and applied R&D activity. That activity leads to the commercialization
of new medicines and treatments. 95 NIH-funded basic life-sciences research—for instance, into
understanding the fundamental processes by which diseases develop and are transmitted, or
identifying novel biomarkers that signal the presence of a disease—creates a platform for
innovation that has led not only to the discovery of new medicines, but to new tests (e.g., blood
tests for substances), new procedures (e.g., improved cardiac stents that substitute for surgery),
and new equipment (e.g., gene sequencers). 96 NIH’s FY 2019 funding of $39.3 billion has been
increased to $41.69 billion for FY 2020 (although this includes an additional $3.59 billion for
three coronavirus-related emergency supplemental appropriations). 97
Whereas public-sector researchers have performed the upstream, earlier-stage research
elucidating the underlying mechanisms of disease and identifying promising points of
intervention, business researchers perform basic research as well as the downstream, applied
research resulting in the discovery of drugs for the treatment of diseases, in addition to carrying
out the development activities necessary to bring new drugs to market. 98 In essence, while the
federal government primarily funds basic scientific research, private-sector companies perform
much of the applied R&D, including the completion of clinical trials required to transform basic
scientific research into commercial products.
As a 2000 U.S. Senate Joint Economic Committee summarized the dynamic, “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 discoveries and applications.” 99 Similarly, as
DiMasi, Milne, Cotter, and Chakravarthy concluded from a 2016 study of the roles of the private
and public sectors in drug development, “Industry’s contributions to the R&D of innovative drugs
go beyond development and marketing and include basic and applied science, discovery
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technologies, and manufacturing protocols,” and that “without private investment in the applied
sciences there would be no return on public investment in basic science.” 100
These “spillovers” effectively provide firms with a common platform of basic knowledge, and
thus induce greater levels of innovation. For the life-sciences industry, Dr. Everett Ehrlich found
that a dollar of NIH support for research leads to an increase of private medical research of
roughly 32 cents. 101 Similar findings were reported in a 2012 Milken Institute study, which finds
that $1 of NIH funding boosted the size of the bioscience industry by $1.70, and that the longterm impact may be as high as $3.20 for every dollar spent. 102 Likewise, 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 geneticsrelated private activity. 103 Rutgers University Professor A.A. Toole identified a quantifiable
correlation between investment in publicly funded basic research and corporate-funded applied
research wherein an increase of 1 percent in the funding of public basic research led to an
increase of 1.8 percent in the number of successful applications for new molecular entities after
a lag of about 17 years. Toole concluded that a $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. 104 Similarly, Lichtenberg estimated a social return from
pharmaceutical innovation of 67.5 percent. 105 The total social return from biomedical research
(public and private) has been estimated at 150 percent, implying that society would benefit from
a significant increase in research spending (which, ironically, is the opposite of what would likely
happen if widespread restrictions on drug prices were imposed). 106
One study found that biotechnology companies invest $100 in development for every $1 the
government invests in research that leads to an innovation.
However, the increasingly popular view in policy circles today that public funding of research
underwrites the research and development of many prescription drugs is simply wrong.
Proponents of “drug populism” make this claim to justify demands for lower drug prices or
weaker intellectual property protections. But it’s critical to remember that significant investment
is required to bring a drug to market even after considerable amounts of basic research have
been conducted. In fact, one study found that biotechnology companies invest $100 in
development for every $1 the government invests in research that leads to an innovation. 107 This
highlights a critical point: it’s private companies, not the government or universities, that assume
the risk of failure in trying to bring often-billion dollar projects over the finish line of Phase III
clinical trials. That’s a key reason why separating the cost of biopharmaceutical R&D from the
final market price of medicines would misalign incentives, raise bureaucratic costs, and limit
innovation. 108

Effective Technology Commercialization Policies
Robust federal investment in basic life-sciences research would mean little without mechanisms
to connect it with commercialization activity by the private sector. Unfortunately, for many
decades, this was precisely the case, as federally funded life-science research sat on the shelves
of universities, government research institutions, and national laboratories. In fact, when in
1968 President Lyndon Johnson asked his comptroller general, Elmer Staats, to assess how
many drugs had been developed from NIH-funded research, Johnson was stunned to learn that
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“not a single drug had been developed when patents were taken from universities [by the federal
government].” 109 In fact, as late as 1978, the federal government had licensed less than 5
percent of the as many as 30,000 patents it owned. 110
Recognizing that the federal government had a very weak track record of achieving
commercialization of the research it funded, in 1980, Congress, on a bipartisan basis,
introduced the Bayh-Dole Act, which confers to universities and nonprofit research institutions
(such as the Battelle Memorial Institute, Sloan Kettering, and Massachusetts General Hospital)
rights to the IP they generate from federally funded research. 111 Hailed by The Economist as
“possibly the most inspired piece of legislation to be enacted in America over the past halfcentury” the Bayh-Dole Act has had a profound and lasting impact, especially by empowering
universities to become key intermediaries and enablers of the U.S. innovation system. 112 For
instance, while only 55 U.S. universities had been granted a patent in 1976, by 2006, 240
universities had been issued at least 1 patent. 113 And in just the first two decades after BayhDole’s introduction (i.e., 1980 to 2002), American universities experienced a ten-fold increase
in their patents and created more than 2,200 companies to exploit their technology. 114 In other
words, Bayh-Dole has played a key catalytic role in turning U.S. universities into engines of
innovation. In total, from 1996 to 2017, licensing of technologies from universities to the private
sector contributed to 420,000 invention disclosures, 100,000 patents issued, and the formation
of 13,000 start-up companies. 115 As of May 2020, a very “back-of-the envelope” calculation
found a 35 percent licensed innovation rate stemming from university-conducted, largely
federally funded research. 116
In the life-sciences sector in particular, Bayh-Dole has transformed U.S. universities into key
developers of and conduits for novel IP stemming from federally funded research. In 2017, U.S.
universities conducted $68.2 billion in research activity, with $39.8 billion funded by federal
sources; $23.6 billion contributed by “other” sources, including universities themselves and
other nonprofit research institutions; and $4.8 billion contributed by industry. 117 Bayh-Dole
enables universities to retain the IP rights stemming from federally funded, university-conducted
basic life-sciences research, which universities then often license to businesses (with 67 percent
of these university licenses going to start-ups and small businesses) or research institutes, so
that this novel IP can be commercialized into innovative drugs or therapeutics. It’s largely
through this process that the public-private partnerships the Bayh-Dole Act catalyzed have led to
the development of over 300 novel drugs and vaccines. 118 These medicines
treat conditions ranging from Crohn’s disease to hepatitis B, HIV/AIDS, and HPV, melanoma,
CML, and inherited blindness. 119
The Bayh-Dole Act has also proven pivotal in facilitating the development of tests, treatments,
and vaccines combatting the coronavirus. For instance, Moderna, the company that has come the
furthest in developing a coronavirus vaccine—with Phase II clinical trials already underway in
Seattle—credits the pivotal role of patents in the fields of messenger RNA and associated mRNA
delivery technologies, which it licensed from Harvard and the University of Pennsylvania. 120
Similarly, Ridgeback Biotherapeutics, which is developing the only oral direct-acting antiviral
vaccine treatment for the coronavirus, licensed key COVID-19 technology from Emory University.
Gilead Sciences partnered with various universities, led by the University of Alabama, on its
remdesivir research dating back to 2014. 121 Another company, Cepheid, which has developed a
point-of-care COVID-19 diagnostic, leveraged Bayh-Dole to license technology developed at the
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Lawrence Livermore National Laboratory for technology for rapid polymerase chain reaction
thermocycling, integrating amplification, and detection. 122 There are dozens more examples, but
in short the Bayh-Dole Act has and continues to play a foundational role in enabling the
government-academic-industry partnerships so critical to U.S. life-sciences leadership.
Robust federal investment in basic life-sciences research would mean little without mechanisms to
connect it with commercialization activity by the private sector.

A Drug Pricing System Enabling Companies to Recoup and Reinvest Profits to Innovate
The biopharmaceutical industry must be R&D intensive because bringing innovative new drugs to
market represents a risky, time-consuming, and expensive process. The stages involved in
bringing a new drug to market begin with basic research, drug discovery, and preclinical trials;
then proceed to three stages of human clinical trials, which culminate in a drug’s approval (or
rejection) by the FDA; and finally culminate in pharmacovigilance (that is, post-approval safety
monitoring). (See figure 24.) Biopharmaceutical companies conduct laboratory screening of
5,000 to 10,000 chemical compounds for each new drug approved for use in humans. On
average, as many as 5,000 to 10,000 compounds may be screened to get to approximately 250
promising molecular compounds that can enter preclinical testing, with 5 entering actual clinical
testing. 123 And that’s just getting to the clinical trial stage, as less than 12 percent of candidate
medicines that even make it into Phase I clinical trials are ultimately approved by the FDA. 124
Figure 24: The R&D process for new drugs 125

The drug development process has grown increasingly expensive. For instance, according to a
2018 report “Unlocking R&D Productivity: Measuring the Return From Pharmaceutical
Innovation 2018” by the Deloitte Center for Health Solutions, “The average cost to develop an
asset, including the cost of failure, has increased in six out of eight years.” 126 The report
estimates that the cost of developing a new drug almost doubled from an average cost of $1.19
billion in 2010 to $2.17 billion in 2018. The 2019 version of the report concludes that the
average cost of bringing a new drug to market has increased by 67 percent since 2010 alone. 127
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An in-depth study conducted by the Tufts University Center for the Study of Drug Discovery,
“Cost of Developing a New Drug,” estimates that the average cost of developing a new drug in
2014 was $2.56 billion. 128 While certainly numerous studies exist, they generally confirm the
expensive and lengthy nature of new drug development, finding that developing new drugs
requires an average of 11.5 to 15 years of research, development, and clinical trials, at a cost of
$1.7 billion to $3.2 billion. 129
Only a small fraction of drugs that enter clinical trial testing are ultimately approved by the FDA,
and an even smaller fraction of approved drugs ever become economically profitable. A study
released in 2010 by Vernon, Golec, and DiMasi found that 80 percent of new drugs made less
than their capitalized R&D costs. Entities in the second-most-profitable decile barely broke even;
and those in the first decile had discounted profits that were more than twice their discounted
R&D costs. 130 Other studies have found that of the most successful 10 percent of approved
drugs, only 1 percent of those that entered clinical trials—maybe 3 new drugs each year—
generate half of the profits of the entire drug industry. 131
Only a small fraction of drugs that enter clinical trial testing are ultimately approved by the FDA, and
an even smaller fraction of approved drugs ever become economically profitable.
Just like any other innovation-based industry, U.S. life-sciences companies depend upon the
profits earned from one generation of innovation to finance investment in the next, a dynamic
especially vital in such a capital-intensive industry as biopharmaceuticals. The ability to earn
profits from successful drugs is foundational to perpetuating that dynamic.
For instance, consider the history of successes and failures at Gilead Sciences, a company
genuinely committed to breakthrough biomedical innovation. Among others, in 2012, it
introduced Truvada, an HIV-prevention drug; in 2013, it introduced Sovaldi, the hepatitis C cure;
and in 2020, it introduced remdesivir, the first FDA-sanctioned coronavirus therapeutic, derived
from 2018 research it undertook in efforts to develop a treatment for the Ebola virus. Against
this backdrop, Gilead’s gambit to tackle pancreatic cancer in 2014 (a gruesome disease for
which there remains no treatment whatsoever) faltered when simtuzumab failed Phase I clinical
trials; in 2016, Gilead’s momelotinib, a treatment for the bone-marrow disorder myelofibrosis,
delivered disappointing Phase II clinical trials and was scrapped; and, in 2019, Gilead suffered a
high-profile Phase III clinical trial failure when it pulled the plug on selonsertib as a possible
treatment for liver disease. Critics skewered Gilead for charging what was thought to be too much
for Sovaldi at the time, and they now want Gilead to price remdesivir at $1 a dose (roughly its
marginal cost). But the reality is Gilead represents a perfect case study of a life-sciences
innovator leveraging the profits from one generation of innovations to reinvest in the next,
perpetuating a virtuous cycle; so an HIV prevention drug and a hepatitis C treatment contribute
(in knowledge and capital) to a coronavirus treatment, whose success hopefully begets resources
that Gilead can redeploy when it tries again to tackle pancreatic cancer, or other similarly
pernicious diseases. 132
This pattern illustrates why there are extremely close linkages between the profits life-sciences
companies earn and their ability to invest in future R&D. For instance, Dubois et al. found that
every $2.5 billion of additional revenue leads to a new drug approval. 133 As OECD plainly stated,
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“There exists a high degree of correlation between pharmaceutical sales revenues and R&D
expenditures.” 134 Indeed, there exists an almost 1:1 correlation (0.97) between R&D
expenditures and sales. (See figure 25.)
Moreover, data from the United Kingdom’s Department of Innovation, Universities, and Skills
R&D Scoreboard shows a very strong relationship between R&D and sales for the largest 151
pharmaceutical firms worldwide. 135 Similarly, Henderson and Cockburn have identified scale
effects for R&D in the pharmaceutical industry, finding that R&D expenditures are directly
proportional to the sales revenues available to undertake R&D investment. 136 This explains why
academic research shows a statistically significant relationship between a biopharma enterprise’s
profits from the previous year and its R&D expenditures in the current year. 137 Moreover, the
pharmaceutical firms with the greatest sales are also the ones with the largest R&D investments,
which may in part explain why most global R&D investments are undertaken by the largest
multinational firms. 138 Symeonidis noted that this is in part because large firms are better able to
spread the risks of R&D uncertainty, since they can undertake several projects simultaneously. 139
Likewise, Gambardella determined that sales revenue from previous periods have a significant,
positive impact on current-period biopharma R&D. 140
Figure 25: R&D expenditures and sales in the pharmaceutical industry, 2006 141

This dynamic further explains why a number of studies have found that reducing profits—such as
through drug price controls, whether implemented through foreign drug reference pricing
schemes or other directly imposed limits—would reduce R&D investment and therefore the
number of new drugs innovated. For instance, Maloney and Civan found that a 50 percent drop
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in U.S. drug prices would result in the number of drugs in the development pipeline decreasing
by up to 24 percent. 142 Similarly, Golec and Vernon found that the United States using an EUlike drug pricing system from 1986–2004 would have resulted in a decline in firms’ R&D
expenditures of up to 33 percent and the development of 117 fewer new medicine
compounds. 143 That research mirrored findings from a 2006 study by Zycher which found that
while requiring federal negotiation of drug prices might decrease costs 35 percent from 2007 to
2025, doing so would lead to 196 fewer new medicines being developed, with a negative
economic impact of $500 million. 144
More recently, in 2019, the Congressional Budget Office (CBO) examined the potential impact of
the proposed House legislation H.R. 3, which among other provisions would require drug
companies to negotiate lower prices with the government. CBO’s preliminary conclusion was that
reducing manufacturers’ revenues by between $500 billion and $1 trillion over the next decade
could result in 8 to 15 fewer new drugs coming to market over that time (out of about 300 that
would otherwise be expected), reducing the number of new drugs by 3 to 5 percent over the
ensuing decade. 145
Conversely, research by Schwartz et al. found that if government price controls in non-U.S. OECD
countries were lifted, the number of new treatments available would increase by 9 to12 percent
by 2030, equivalent to 8 to 13 new drugs in that year. This could potentially increase the life
expectancy of someone 15 years old today by 0.6 to 1.6 years on average. 146 Analyses such as
these explain why a February 2018 report by the president’s Council of Economic Advisors found
that while lowering reimbursement prices in the United States would reduce the prices
Americans pay now for biopharmaceutical products, it would “make better health costlier in the
future by curtailing innovation,” thus failing to meet the administration’s goal of reducing the
price of health care by reducing the incentives for innovative products in the future. 147
In 2018, CBO directly recognized the link between the expensive and risky process of drug
development and the need to earn commensurate returns to sustain the process. CBO estimated
that because of high failure rates, biopharmaceutical companies would need to earn a 61.8
percent rate of return on their successful new drug R&D projects in order to match a 4.8 percent
after-tax rate of return on their investments (i.e., a risk-free rate they could readily attain in
public markets). 148 The 61.8 percent figure is driven by two assumptions. The first is that 90
percent of new biopharmaceutical R&D projects fail, meaning all profits must come from the 10
percent that succeed. The second assumption in the CBO study was that it takes 12 years—
during which companies spend large sums on development, testing, and approvals—for a
successful project to start earning revenues. Concentrating only on the rate of return to
successful projects therefore gives a misleading picture of the overall profitability of
biopharmaceutical companies.

Robust Intellectual Property Rights
It’s difficult to achieve innovation without the protection of knowledge and ideas, and that’s
particularly the case in an industry whose products require billions to develop in a process that
usually takes longer than a decade. This is why IP can constitute up to 80 percent of a lifesciences’ company's value. 149 Indeed, IP rights give life-sciences enterprises the confidence
needed to undertake the difficult, risky, and expensive process of life-sciences innovation secure
in the knowledge they can capture a share of the gains from their innovations, which is
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indispensable not only to recouping the upfront R&D costs of a given drug, but which can
generate sufficient profits to enable investment in future generations of biomedical innovation
and thus perpetuate the enterprise into the future. 150 But not only do IP instruments such as
patents encourage innovators to invest in R&D and to commercialize their technologies, they also
promote the disclosure and dissemination of knowledge that creates a platform upon which
others can innovate, making the IP system, as James Madison described it, “one where the
public good fully coincides with the interest of the innovators.”
Strengths of the U.S. IP regime include clear and comprehensive subject-matter patent-eligibility
rules; clear standards for meeting standard patent-eligibility tests of non-obviousness, utility, and
capacity for industrial application; the ability to patent both pharmaceutical manufacturing
product and process innovations; patent-linkage provisions (which clarify linkages between the
patent status of an innovative drug and the granting of marketing approval for a generic medicine
referencing the originator product); patent-term extension provisions (to restore the portion of a
patent term that may be lost while the patent holder awaits regulatory approval, or for delays in
the granting process); trademark and trade-secret protections; and exclusive rights to the
underlying clinical trial data that validates the safety and efficacy of novel drugs that continue
past patent expiry. The United States also benefits from an effective USPTO to review patent
applications and issue patents, as well as a judicial system capable of effectively adjudicating IP
disputes.
Ultimately, IP does not represent an impediment to access to medicines; rather, in the vast majority of
cases, it’s the reason for the very existence of those medicines in the first place.
Another strength of the U.S. IP system has been its data-exclusivity period for novel biologic
drugs. Biologics refer to any pharmaceutical drug product manufactured in, extracted from, or
semi-synthesized from biological sources. For the first time in 2020, biologics now account for
over 40 percent of the drugs in the global development pipeline. 151
Unlike traditional pharmaceutical drugs, which involve smaller molecules that operate largely on
the basis of chemical reactions and that work by treating the consequences of a disease,
biologics work by blocking diseases earlier in their development, in the immune system. And
since they can be tailored to individuals taking the medicine, biologics constitute an important
step toward realizing the vision of personalized medicine. 152 But as biologics are large, complex
molecules that must be manufactured within living tissues, the resulting protein is unique to the
cell lines and the specific process used to produce it, and even slight differences in the
manufacturing of a biologic can alter its nature. 153 Accordingly, the IP components of a biologic
include both the structure of the molecule itself and the process for how to reliably, safely, and
consistently manufacture the molecule at scale in living tissues.
While patents constitute one important form of IP protection for biologics, they are not sufficient
to support the environment needed to promote large-scale investment in biologic R&D, for two
principal reasons. First, because biologics are structurally complex molecules which are closely
tied to a specific manufacturing process, many biologic patents are process patents or relatively
narrowly constructed product patents. This means that biologics patents are susceptible to being
circumvented by small changes to the molecule or to the process of making it. 154 Because
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patents fail to provide the same certainty for biologics as they do for traditional pharmaceutical
drugs, they do not necessarily assure that biologics will enjoy the same length of time on the
market before facing competition from generics. Second, patents do not safeguard the IP
involved in developing the extensive clinical trial data and results required to prove the safety
and efficacy of a biopharmaceutical product (e.g., the regulatory data).
This creates a situation in which, as Kathleen Kelleher explained in the Michigan
Telecommunications and Technology Law Review, “The complexity of most biologics may allow a
biogeneric manufacturer to design around an innovator’s patents, but still secure regulatory
approval through its ‘biosimilarity‘ to the pioneer (original) biologic.” 155 In other words, because
regulatory approval for biosimilar drugs does not require identity with the pioneer biologic drug it
references without an extended period of data exclusivity—which protects the actual investment
needed to prove the safety and efficacy of a biopharmaceutical product—a competing biosimilar
product could elude the innovator’s patent while still relying on the innovator’s clinical data for
regulatory approval, thus creating a “patent protection gap.” 156 (This gap does not exist for smallmolecule drugs, which receive five years of data-exclusivity protection, because generic drugs are
required to have the identical active ingredient.)
As Professor Kristina Lybecker concluded, “Although patent protection and data exclusivity may
be considered complementary forms of protection, they serve distinct purposes. Patents are
granted for innovations that are novel, non-obvious and useful … while data protection
incentivizes the lengthy development work which is necessary to establish safety and efficacy
regulatory approval of a new product.” 157
Recognizing the need to strike a balance between innovators’ incentives for investment in
expensive, risky drug development while at the same time making room for competition by
creating a path for biosimilar manufacturers to bring biosimilar products to market, the U.S.
Congress extensively debated the appropriate length of regulatory data protection for biologic
drugs in the late 2000s. In 2009, recognizing that biologics constitute unique products that
merit high levels of IP protection, Congress passed the bipartisan Biologics Price Competition
and Innovation Act (BCIPA), which enshrined 12 years of data-exclusivity protection for novel
biologic medicines. This protection means that biosimilar manufacturers must independently
conduct the comprehensive pre-clinical and clinical trials for their own product, or wait the 12
years required by the Biologics Act before requesting a regulatory shortcut to approval based on
the innovator’s prior approval and data. 158
And the U.S. Congress was not alone in concluding, after extensive deliberation, that biologic
drugs merit extended data-protection rules. Congress’s decision relied in part on findings from
the National Academies of Science and Engineering report Rising Above the Gathering Storm, “It
is critical that a balance be struck in finding an appropriate period of exclusivity such that
innovation is stimulated and sustained but patients have access to generic-drug-pricing
structures,” and recommended that this data exclusivity period should be “at least 10 to 11
years.” 159 U.S. law should continue to provide 12 years of biologics data exclusivity, and U.S.
trade negotiators should continue to seek similarly high standards in FTAs.

Sufficient Resources to Finance Biopharmaceutical Innovation
A key strength of America’s life-sciences innovation system has been creating a financial-markets
environment capable of both valuing and marshalling the tremendous amount of capital
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necessary to finance investment in risky biopharmaceutical innovation. Liquid financial markets
provide needed risk capital, especially for start-ups, as well as exit channels in the form of initial
public offerings (IPOs) or mergers and acquisitions (M&A). Venture capital (VC) represents a key
part of this equation, and is especially important to the creation of high-tech start-ups, providing
both the actual funds needed to sustain operations, and experienced business advice to
maximize their chances of success. 160 That matters because start-ups account for 66 percent of
U.S. biopharmaceutical enterprises, contribute 12 percent of employment, have an average R&D
intensity rate of 62 percent, and have a 60 percent 5-year survival rate. 161 Nearly three-quarters
of worldwide VC investments in biopharmaceutical companies are made in the United States. 162
Looking at annual U.S. and Chinese biotechnology and pharmaceutical investment from 2003 to
2018 shows that U.S. VC in this sector more than tripled over the period, to $18.6 billion, while
China’s rose from less than $1 billion to $3 billion. (See figure 26.)
Figure 26: Annual U.S. and Chinese pharmaceutical and biotechnology venture capital, 2003–2018 163
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Effective national VC systems should be able to provide capital at different phases of the start-up
cycle, from earliest-stage angel or seed capital to later-stage deals. Despite a 2019 dip, the
general growth in early-stage VC investment since 2009 has been heartening, as it shows
investors have been more willing to back earlier-stage, and thus riskier but perhaps more
transformative, investment deals supporting biotech start-ups. (See figure 27.)
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Figure 27: U.S. biotech and pharmaceuticals venture capital by average deal size, 2009–2019 (millions) 164
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According to Bay Bridge Bio, globally—and referring to biotech start-ups alone—2018
represented the biggest year for biotech VC on record, with $17 billion invested into biotech
start-ups. In 2019, there were 37 significant IPOs of VC-backed biotech start-ups, which raised
a total of $4.2 billion, as well as $37 billion in acquisitions of biopharma start-ups. 165
Biopharmaceutical companies are also developing their own corporate VC funds, which can “play
an essential role in the sustainability of the biotech ecosystem, advancing the future of
pharmaceutical innovation and biotech entrepreneurship.” 166 Between 2008 and 2018, the
corporate venture arms of large biopharmaceutical companies contributed to deals totaling over
$39 billion in start-up financing, now accounting for over half of venture investments in the
sector, which totaled almost $74 billion. 167

An Effective Regulatory Drug Approval System
Lastly, one of the reasons America's life-sciences innovation system lagged behind global leaders
in the 1970s and 1980s was a faltering regulatory system that took years to approve drugs and
thus in part made the United States an unattractive locale for the introduction of new-to-the
world drugs. In fact, in 1987, it took the FDA almost 3 years to make a safety and effectiveness
determination for a new drug, but by 2015, the median approval time had fallen to under 10
months. (See figure 28.)
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Figure 28: Median approval times for new medicines, months (CDER NME NDAs/BLAs) 168

The difference was bipartisan congressional legislation, originally introduced in 1992, creating
PDUFA, which authorizes the FDA to collect user fees associated with applications from the
biopharmaceutical industry for regulatory approval of new human drug submissions. 169 The user
fees generated by PDUFA are intended to supplement, not replace, congressional appropriations,
although fees generated by PDUFA now account for more than 70 percent of the FDA’s funding
for reviewing new drug applications. Over the quarter-century since its founding, and through six
congressional reauthorizations, PDUFA has provided the FDA with a stable, predictable funding
stream that has contributed to significantly accelerated review times and created new pathways
for swifter review of high-impact drugs, particularly through a “breakthrough therapy”
designation intended to expedite the development and review of drugs for serious or lifethreatening conditions. 170
In 1987, it took the FDA almost 3 years to make a safety and effectiveness determination for a new
drug, but by 2015, the median approval time had fallen to under 10 months.
Though certainly not the only factor, PDUFA has been an important part of the reason why
innovative new drugs tend to reach patients faster in the United States than in Europe or
elsewhere. For instance, Roberts, Allen, and Sigal wrote in one study that “the median time for
approval for new cancer medicines in the United States was just six months—and that these new
anticancer medicines are typically available in the United States before they are in Europe.” 171
PDUFA has played an important role in encouraging more companies to launch new drugs first in
the United States, meaning U.S. patients have the earliest access to them, while being at least
equally as good as other regulatory agencies (such as the European Medicines Agency) at not
approving drugs that turn out to be dangerous. 172
PDUFA VI, passed by Congress in 2017 and which covers FY 2018–2022, made significant
enhancements to PDUFA along several dimensions, including prioritizing the development of
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breakthrough medicines for patients with life-threatening diseases, supporting innovative
clinical-trial approaches, enhancing the drug development and approval process for rare
diseases, making greater use of real-world evidence in regulatory decision-making, enhancing
post-market safety monitoring of approved drugs, and streamlining workflow and workforce
process planning at the FDA. 173 In conclusion, PDUFA constitutes a key backbone of the U.S.
life-sciences innovation system, and Congress should continue to look favorably upon it in future
reauthorizations.

RESHORING OR GLOBAL SUPPLY CHAINS? OR BOTH?
While the pandemic has raised concerns about U.S. dependency on foreign nations for key
biopharmaceutical, medical device, and medical supplies goods, in general, overall U.S.
dependence on foreign suppliers of drugs may be overstated. 174 For instance, 75 percent of U.S.
spending on drugs goes to medicines that have been produced domestically in the United States,
while an estimated 70 percent of the medicines actually consumed in the United States are
manufactured domestically. 175
Moreover, the U.S. supply chain for medicines that are imported is actually quite diverse, with
more than 90 countries supplying the United States with pharmaceutical products. In 2019, 73
percent of U.S. imports of pharmaceutical products came from Europe, while 61 percent of
imported APIs came from European sources. In fact, last year, the United States actually sourced
40 percent more of its imported APIs from Ireland than it did from China. As CDER Director
Janet Woodcock stated in 2019 congressional testimony, “CDER’s analysis shows that overall,
China has only a modest percentage of the facilities able to produce APIs for the U.S.
market.” 176 As she noted, for all regulated drugs, China has 230 (13 percent) of the API
manufacturing facilities, while the United States has 510 (28 percent), and the rest of the world
has 1,048 (59 percent). (See figure 29.)
Figure 29: Percentage of API manufacturing facilities for all regulated drugs by region, August 2019 177
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The American Action Forum found that China supplies only 18 percent of total U.S. API imports,
9 percent of total antibiotic imports, and less than 1 percent of total vaccine imports. 178 The
report asserts that U.S. production is often understated, in part because of data limitations. For
example, 70 percent of total antibiotic spending and 50 percent of total vaccine spending is on
U.S.-made products.
In addition, global value chains facilitate the development and production of a wide range of
advanced-technology products, from airplanes and semiconductors to medical devices and
pharmaceuticals. Modern supply chains are characterized by extremely high degrees of
specialization that enable the production of complex technology products at the lowest
cost/highest capability possible. 179 For instance, the production of the ventilators so critical to
saving the lives of patients in the coronavirus crisis entails incorporating as many as 700 parts
and components sourced from vendors from throughout the world. 180
Calls for massive reshoring ignore the fact that it makes sense to rely on global supply chains for at
least some manufacturing production.
To be fair, China is a different matter. China is virtually alone in its potential willingness to use
export bans to achieve political and economic goals, as it has done with its prior ban on the
export of rare-earth minerals. At the same time, China has made it clear that it seeks global
dominance in drug production. 181 As such, policies to encourage supply chains to shift out of
China make sense.
At the same time, calls for massive reshoring ignore the fact that it makes sense to rely on global
supply chains for at least some manufacturing production. One useful framework for thinking
about this comes from Harvard Business School professors Gary Pisano and Willy Shih. They
have argued that the degree to which it makes sense to offshore production or keep it at home
depends on two factors: process maturity (the extent to which the technologies used to produce a
product are mature or continuing to evolve) and modularity (the degree to which information
about product design can be separated from the manufacturing industry). (See figure 30.)
Their argument is that in industries with high modularity and mature production processes,
offshoring in order to lower costs makes good business sense and does not come at the cost of
product or process innovation. They put the production of APIs in this category; the production
process is relatively mature and product innovation (the development of new drugs) is not
dependent on close linkages to the production process. This is why a significant share of API
production has moved offshore. In contrast, they’ve argued that biotechnology production (the
production of large-molecule, living compounds) is not a mature production process and there
are closer links between drug development and drug production. This is why a much larger share
of biotechnology production is still in the United States.
There are at least five main policy implications from this. The first is that to the extent that
policy can spur more drug innovation, especially in large-molecule, biotech drugs, the more likely
it is that production will locate in the United States. The converse is also true: The more there is
a push to replace novel drugs with generics, the more likely that supply will be filled through
offshore production. As Shih and Pisano wrote, in sectors developing breakthrough products at the

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 39

frontiers of science, the major process innovations are evolving rapidly and are critical to product
innovation.
Figure 30: Pisano and Shih’s “Modularity-Maturity Matrix” for offshoring/outsourcing decisions 182

As Shih and Pisano continued, “Biotechnology offers a good example. Drugs derived from genetic
engineering techniques consist of large protein molecules that are too complex to be chemically
synthesized—the approach used to make drugs for over a century. Without major advances in
process technology (such as mammalian-cell-culture processes), blockbuster drugs like Amgen’s
erythropoietin, for treating anemia, or Genentech’s Herceptin, a therapy for breast cancer, would
never have made it out of the laboratory.” 183
Moreover, in this kind of production, low wages are less of an advantage. One study modeled the
cost of producing CAR-T biotech therapies in four locations, including in two low-cost nations. It
found that even though labor costs were higher in the United States, the differences in total
costs of production were relatively small, in part because of the high cost of inputs and the role
that automation will play. 184
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There are very good reasons for a greater number of active government policies. As Shih and
Pisano wrote: “Managers, investors, and analysts haven’t always recognized this danger. Viewing
manufacturing as a distraction and a drain on capital, they often push companies in this
quadrant to outsource production or move it to lower-cost locations far away from R&D. The
results can be disastrous because, to put it simply, when you lose your manufacturing
competence, you lose the ability to create new commercially viable products.” 185 Policies that
encourage, rather than mandate, more production at home, can not only lead to more domestic
production and jobs, but also support more drug innovation.
Second, spurring more process innovation is important because it can move a part of the industry
from the upper-right quadrant where reshoring makes more sense to the lower-left quadrant
where it makes less sense. That is why, as discussed ahead, the Information Technology and
Innovation Foundation (ITIF) recommends significant public investments, in partnership with
industry, in biopharmaceutical process technology innovation, including innovations in
continuous process production systems, and also greater automation. As Shih and Pisano wrote,
“When a company operates in a sector where the process technology is mature, it’s tempting to
dismiss the possibility of process innovation and try to reduce costs by outsourcing or offshoring
production. But game-changing process technologies sometimes can emerge.” 186 As another study
notes, continuous process innovation offers a “[h]igh potential for enhanced domestic
manufacturing, which includes supply chain and security benefits. This is because unlike batch
processes, continuous processes do not depend on low-cost labor, but instead on advanced
technology.” 187 And related to the current focus on drug supply chains, the study’s authors noted
that continuous production technologies would increase the “[a]bility to respond much more
agilely to drug shortages and related challenges including decreasing the risk of having sole
suppliers for essential medicines.” 188
Washington needs to make a commitment that it will win in this industry. If it decides to do so—and
there are plenty of reasons, including national security, to want to win—policymakers should adopt an
industry competitiveness agenda.
Third, to the extent offshoring decisions are made on the basis of foreign unfair trade practices,
the U.S. government should work more actively against them. In the 2000s, some of the
expansion of Chinese API production was facilitated by Chinese government currency
manipulation that made Chinese exports cheaper. To the extent that foreign API production,
especially in low-wage nations such as China and India benefit from regulatory asymmetries,
especially limited FDA inspections and imports of counterfeit drugs, U.S. government policy
should remedy this.
Fourth, efforts to force production that is in the upper-right quadrant to locate in the United
States will have negative impacts, raising the price of drugs—something policymakers actively
want to work against—while at the same time reducing U.S. competitiveness globally. This is
why calls for Buy American provisions for drugs represent the wrong solution. A better solution is
to use incentives to spur more reshoring. Not all production will be able to move back given the
significant cost advantages of producing in low-wage nations, but some will be able to with the
right incentives, as described ahead, because total production cost differentials are not all that
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high. It is in this context that the repeal of Section 936 of the tax code that enabled significant
production in Puerto Rico was a mistake.

POLICY RECOMMENDATIONS
While the United States may lead in biopharma innovation, that lead is being challenged by a
host of nations using legitimate and illegitimate policies and tactics. (For a comprehensive list,
see appendices A and B, respectively.) Moreover, U.S. production capabilities have weakened. If
the United States wants to avoid having its biopharma industry follow the same tragic path of
once-strong industries such as telecommunications equipment, machine tools, solar panels, and
others, it must want to actively compete and to win. In other words, Washington needs to make a
commitment that it will win in this industry. If it decides to do so—and there are plenty of
reasons, including national security, to want to win—policymakers should adopt an industry
competitiveness agenda. This should start by maintaining U.S. policy strengths.

Maintain U.S. Policy Strengths
As noted, the United States has done many things right when it comes to policies to support a
robust biopharma ecosystem. First and foremost, the United States needs to preserve and protect
the policies that are already effectively working.

Eschew Drug Price Controls
Let’s start with the most controversial issue: drug pricing. The harsh reality is that if the United
States wants to maintain, much less grow, its biopharma industry, strict drug price controls will
make that extremely difficult. Innovators want to be and are able to innovate in the United States
because they know that if they are successful with a new drug—which, more than often, is not
the case—they stand a reasonable chance of making a good return on investment. As industrial
organization economist F.M. Scherer wrote, “Had the returns to pharmaceutical R&D investment
not been attractive, it seems implausible that drug-makers would have expanded their R&D so
much more rapidly than their industrial peers.” 189
The harsh reality is that if the United States wants to maintain, much less grow, its biopharma industry,
strict drug price controls will make that extremely difficult.
The issue of prescription drugs is an important one, especially regarding affordability for many
individuals. But it is less of an issue in the context of the overall increase in health care
spending. In 2018, prescription drugs accounted for just 9 percent of total U.S. health
spending, up only modestly from the 7 percent share of total spending they accounted for in
1970. 190 Moreover, while the list prices of prescription medicines are often referenced, the net
prices paid are often considerably lower. The Wall Street Journal, citing data from the SSR
Health Report, noted, “[A]verage U.S. list prices for prescription medicines rose in the past
decade, but net prices—after rebates and discounts—rose less sharply and have recently
declined.” 191 (See figure 31.) In fact, one study found that more than one-third of drug list
prices were rebated back to pharmacy benefit managers and other entities in the supply chain. 192
As that report describes, “Pharmaceutical spending estimates that omit rebates and discounts do
not fully reflect the underlying competitive dynamics of the pharmaceutical sector and provide a
misleading impression of drug spending.” 193
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Moreover, U.S. biopharmaceutical manufacturers fundamentally do not realize outsized returns.
In fact, over the past decade, as Deloitte’s report “2020 Global Life-sciences Outlook” finds,
drug intermediaries and retailers have consistently earned higher returns on investment than the
biopharmaceutical and medical device manufacturers who are actually innovating new-to-theworld, life-saving or life-improving drugs and medical devices. 194 (See figure 32.) Among
enterprises in U.S. health care industries, life-sciences companies actually experienced the
biggest drop in returns on capital (ROC), from 17 percent in 2011 to 11 percent in 2017. As the
Deloitte report concludes, “[L]ife-sciences companies demonstrated lower ROC than other
organizations in the health care ecosystem, such as drug intermediaries and retailers, over the
seven-year period.”
Figure 31: Change from a year earlier in U.S. prescription brand prices 195

Moreover, the United States has effectively implemented a life-science innovation that promotes
breakthrough innovation and then facilitates generic competition to help manage drug prices. In
fact, in 2018, generic drugs accounted for approximately 90 percent of U.S. prescriptions (85.6
percent unbranded generics and 4.3 percent branded generics). 196 As Jack Scannell, a senior
fellow at Oxford University’s Center for the Advancement of Sustainable Medical Innovation
(CASMI), has explained, “I would guess that one can buy today, at rock bottom generic prices, a
set of small-molecule drugs that has greater medical utility than the entire set available to
anyone, anywhere, at any price in 1995.” 197 He continued, “Nearly all the generic medicine
chest was created by firms who invested in R&D to win future profits that they tried pretty hard
to maximize; short-term financial gain building a long-term common good.” 198
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Figure 32: Return on capital performance in life-sciences sectors between 2011 and 2017 199

On September 14, 2017, the FDA approved Mvasi, the first biosimilar for Roche’s Avastin, a
breakthrough anti-cancer drug for lung, cervical, and colorectal cancers. 200 In other words, a drug
capable of treating various forms of cancer that scarcely existed 20 years ago is now available as
a generic drug. It’s that dynamic that enables us to envision a future wherein drugs are available
at generic prices in 2040 for a set of innovative drugs that have greater medical utility than the
entire set available to anyone, anywhere, at any price in 2020. But this dynamic will only persist
if policymakers refrain from introducing drug price controls that would preclude life-sciences
innovators from earning sufficient revenues from one generation of biomedical innovation to
invest in the next.
As noted, drug price controls will come at the cost of drug innovation. In this sense, drug prices
represent a trade-off between the interests of present and future generations: We could price all
drugs that now exist at their marginal cost today, but that would leave no revenues to invest in
future generations of biomedical innovation. Accordingly, the Trump and future administrations
should not introduce drug price control schemes, such as HHS’s proposed International Pricing Index
Model for Medicare Part B Drugs. 201

Preserve the Bayh-Dole Act
As noted, the Bayh-Dole Act has played a catalytic role in stimulating U.S. life-sciences
innovation. However, some policymakers and civil society advocates have proposed leveraging
Bayh-Dole march-in rights to allow the government to exert influence over drug prices when a
drug can trace any part of its provenance to federal R&D funding, arguing that “reasonable
terms” language associated with march-in rights permits this. 202 This despite the fact that the
law’s architects, Birch Bayh and Bob Dole, have publicly stated that their intent with march-in
rights was to ensure that products were licensed on reasonable terms rather than being used as a
price control (in other words, that march-in rights pertain to reasonable licensing terms). 203
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Starting in 2017, NIST undertook a review of federal policies facilitating technology transfer and
commercialization, with the review culminating in April 2019 with the green paper “Return on
Investment Initiative for Unleashing American Innovation.” 204 With regard to the issue of marchin rights in the Bayh-Dole Act, the green paper writes, “The use of march-in is typically regarded
as a last resort, and has never been exercised since the passage of the Bayh-Dole Act in
1980.” 205 It goes on to note, “NIH determined that that use of march-in to control drug prices
was not within the scope and intent of the authority.” 206 It concluded, “Overall, stakeholders
agreed that the march-in authority should not be broadened, and that doing so would create
uncertainties in the U.S. innovation system.” 207 NIST is expected to clarify the meaning of
“reasonable terms” as it relates to Bayh-Dole Act march-in rights later this year, and it should affirm
the understanding that the price of resulting products is not an adequate basis for the exercise of
Bayh-Dole march-in rights.

Maintain PDUFA
The effectiveness of the original PDUFA and its predecessors has played a transformative role in
making America an attractive environment for life-sciences innovation. The current PDUFA,
PDUFA VI, will run through September 2022 (the Act is renewed in five-year increments).
Congress should look positively upon PDUFA, and when the time for PDUFA VII arrives, look to
embrace lessons from the coronavirus crisis in terms of seeking innovative models of clinical trial
design, embrace real-world evidence in clinical trials, and streamline and enhance the operational
capacity of the FDA.

Fully Fund the Patent Office
USPTO is funded entirely by user fees and does not receive tax dollars; however, the office does
require an appropriation from Congress to spend the money it collects. 208 Ensuring continued
smooth operation of USPTO is critical to the functioning of the U.S. patent system. As it has
acknowledged, the U.S. Treasury currently holds some fees collected but that have not been
apportioned to USPTO. (That does represent progress, as previously appropriators in Congress
had not acknowledged the funds were “real.”) The U.S. Treasury should apportion these funds to
USPTO with alacrity. This is especially important because the funds represent money collected by
users of USPTO and, moreover, when the practice of fee diversion ended, these funds should
have been already appropriated. Doing this presently would be very beneficial to USPTO, which
has experienced a significant decline in revenue and fees collected due to the coronavirus crisis.

Expand and Adopt New Policies to Spur Greater Levels of Domestic Innovation
While America should maintain the policies that have worked, absent new and expanded
initiatives, the risk of the United States losing its lead will grow. As such, there are several steps
Congress should take.

Boost NIH Funding
As noted, public and private investment in life-sciences research is strongly complementary. The
federal government is underinvesting in life-sciences R&D compared with historical norms, in
part because investment has not been keeping up with inflation. Congress should at least restore
NIH funding to 2003 levels as a share of GDP, which would entail boosting NIH funding by $11.6
billion per year.209 Congress could close the federal R&D underinvestment gap in the life-sciences and
other sectors by passing the bipartisan Endless Frontiers Act, sponsored by senators Schumer (D-NY)
and Young (R-IN) in the Senate and representatives Gallagher (R-WI) and Khanna (D-CA) in the
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House, which would invest $100 billion over 5 years across a number of advanced-technology
sectors—including biotechnology, genomics, and synthetic biology—as well as designate at least
10 regional technology hubs to ensure continued American leadership in the advanced
technologies that will drive future economic prosperity. 210

Support R&D Megafunds
In 1960, private-sector R&D was split about one-third to basic research and two-thirds to
development; today, only about one-fifth of enterprise R&D goes to basic research. One reason
companies are moving away from basic and applied research is the risk involved in financing. In
drug development, as noted, it often takes over a decade and hundreds of millions, if not
billions, of dollars to produce a profitable product. Individual companies and even venture
capitalists often lack the appetite for such long-term, high-risk investments. 211
This risk could be mitigated through large portfolios that aggregate and manage risk. Mutual
funds, pension funds, and 401(k) retirement accounts work this way. MIT economist Andrew Lo
has proposed extending this idea by establishing “megafunds” that utilize financial engineering
techniques to fund R&D in long-term, high-risk, high-payoff areas such as drug discovery for
cancer or orphan diseases. 212 However, to date, no such megafunds have been created by the
market. The government incentives required for the creation of these funds could include one or
more approaches from four broad categories: research and investment data streams; clear rules
for private-foundation program-related megafund investments; federal credit support; and tax
incentives for funds investing in drugs (e.g., through the establishment of schedules and values
of basis-point step-ups and penalties).
To promote the creation of R&D megafunds, the Department of Commerce should establish an office to
develop and implement the needed incentives and oversight for the creation of megafunds. The office
would be tasked with establishing the rules for the funds and coordinating with federal agencies
and the private sector to identify the technical areas of national interest wherein private-sector
engagement is needed and incentives required.

Increase and Establish Incentives for R&D and Innovation
The billions of dollars needed to produce new-to-the world drugs today merit compelling tax and
investment incentives to help defray the significant up-front R&D costs. Accordingly, Congress
should leverage the tax code to encourage greater levels of medicines and medical device
manufacturing in the United States. First, Congress should at minimum double the of rate of the
Alternative Simplified Credit (R&D) from 14 percent to 28 percent. 213 Congress could stimulate
greater levels of industry R&D investment to take place at U.S. universities by amending the
existing collaborative R&D tax credit to allow companies to take a flat 20 percent tax credit when they
invest in university R&D activity. 214 (Currently, America’s collaborative R&D tax credit applies only
to energy investments.) This is especially important because the life-sciences sector is the largest
scientific field for U.S. university R&D spending, accounting for nearly three-quarters of R&D
investment by universities, or $68.2 billion, in fiscal 2017, with $4.8 billion contributed by
industry. 215 Congress could stimulate further investment in rare-disease R&D and innovation by
restoring the orphan drug tax credit to 50 percent.
While the tax code’s primary mechanism facilitating innovation is the R&D tax credit, the credit
is less useful for pre-revenue companies because it requires tax liability, which requires
income. 216 In other words, the tax credit is designed more for established innovators, not so
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much for research-intensive, pre-revenue companies that are trying to develop new technologies
such as medical devices or biopharmaceutical drugs. These are extremely R&D-intensive
companies, which tend to invest 75 percent or more of their expenditures in R&D.
Firms in this position often find it difficult to raise the capital needed to get them through the
long development phase until they are near enough to profitability to conduct an initial public
offering or be attractive to a prospective buyer. The PATH (Protecting Americans From Tax Hikes)
Act `of 2015 made the R&D tax credit permanent, and allowed small businesses to take the
credit against their payroll taxes. But two additional tax reform proposals could further address
these challenges.
The first proposal would amend Section 469 of the tax code to permit passive investors to take
advantage of the net operating losses and research tax credits of companies in which they
invest. 217 (The Tax Reform Act of 1986 severely limited this ability because it was seen as a way
for high-income individuals to reduce their taxes by investing in operations that were never
meant to be profitable.) Under this reform, investors could immediately use their share of net
operating losses, as well as any credits for R&D. The percentage of losses or credits that could be
passed through would be limited to the portion of investment that was specifically targeted for
qualified research activities as determined for purposes of the R&D tax credit. In order to qualify,
a company would have to devote at least half of its expenses to R&D. The company would also
have to have fewer than 250 employees and less than $150 million in assets. A recent study by
Ernst & Young estimates that this change would increase investment in such companies by $9.2
billion, allowing them to create 47,000 jobs. 218
The second change would make it easier for small companies to carry net operating losses
forward even as they continue to attract new investors. Small, research-intensive companies often
go through several rounds of financing as they rack up expenses while getting nearer to their goal
of profitability. Unfortunately, Section 382 of the tax code prevents companies from carrying net
operating losses forward if they undergo an ownership change. This rule eliminates an attraction
to investors. It also means that those companies will start paying taxes on their revenue long
before their total revenues exceed total expenses. Under the proposed change, Section 382
would not apply to net operating losses generated by qualifying R&D activities conducted by
small businesses. The Ernst & Young analysis estimates that this change would increase direct
investment in these companies by $4.9 billion and boost their employment by 25,000 jobs. 219

Support Data-Driven Drug Development
The advent of big data and artificial intelligence (AI) is likely to facilitate the drug-discovery
process. It represents one of the many approaches being taken to try to improve R&D productivity
in the biopharmaceutical industry. 220 From screening chemical compounds to optimizing clinical
trials to improving post-market surveillance of drugs, the increased use of data and better
analytical tools such as AI hold the potential to transform drug development, leading to new
treatments, improved patient outcomes, and lower costs. 221 As of November 2019, at least 43
biopharma companies were using AI for drug discovery, including by partnering with AI startups. 222 But achieving the full promise of data-driven drug development will require Congress to
take several steps to address a number of obstacles.
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First, Congress should direct HHS to implement a unique patient identifier, as originally intended by
HIPAA. Though electronic health record usage is commonplace, health care providers do not have
an accurate and efficient method of matching patients’ records across different systems.
Second, policymakers should enforce the publication of data from clinical trial results by directing
agencies such as the FDA and NIH to be more aggressive about penalizing noncompliance. The FDA’s
finalized rule for penalizing noncompliance went into effect in January 2018, but according to a
January 2020 report by researchers at the University of Oxford, compliance with the rule is poor,
and not improving. 223
Third, Congress should direct HHS to create a model for data trusts that facilitates data sharing among
biopharmaceutical stakeholders involved with data-driven drug development. This model can be
adapted from data trusts being developed in other countries, such as the United Kingdom.
Fourth, policymakers should increase the availability of new kinds of data from nontraditional
sources, such as biometric, lifestyle, and environmental data. This could be supported by fully
funding NIH to accelerate the development of the All of Us Research Program’s million-person
research cohort.
Fifth, policymakers should direct the FDA to develop best practices for data collection in health care
to ensure equitable outcomes, such as strategies to increase coverage of underrepresented
populations.
Finally, policymakers should facilitate the modernization of outdated regulatory processes. The
process of drug discovery has been internationalized, with discovery, testing, and
commercialization taking a multi-country approach. Congress should ensure the FDA has the
resources necessary to increase foreign clinical trial inspections, harmonize regulatory standards
across national lines to meet the FDA’s satisfaction, and adopt risk-assessment analytics tools to
prioritize inspections for high-risk sites.
Overcoming these obstacles should be a priority for policymakers because enabling data-driven
drug development would not only accelerate access to more effective and affordable treatments
for Americans, but help maintain the competitiveness of the U.S. biopharmaceutical industry.

Expand R&D Talent
Biopharmaceutical innovation rests on highly skilled scientists and engineers. Policy needs to
both support the expansion of domestic talent as well as enable the right kind of high-skill
immigration. Increasing linkages with industry for doctoral STEM students can improve the
quality of research and education. To increase these linkages, Congress should appropriate $20
million per year for the establishment of an NSF-Industry Ph.D. Fellows Program to support an
additional 1,000 Ph.D. students in STEM fields. 224 The new NSF-industry program would work by
enabling industry to contribute $20,250 toward each fellowship, in whatever field(s) each
company chooses. NSF would match industry funds dollar for dollar. 225
While home-grown talent is indispensable to U.S. life-sciences leadership, so too is the ability to
attract international talent. Accordingly, Congress should make it easier for foreign graduates with a
STEM degree to receive a green card. 226 Likewise, the L-1 visa stimulates U.S. innovation as “a
non-immigrant visa for intra-company transfers for candidates who are already working for the
company that intends to open or expand operations in the U.S. It could also be the U.S. parent
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company that wants one of its employees working in its subsidiary to work in the U.S.” 227 The
federal government should not restrict L-1 visas.

Collaboration to Increase Efficiency in Drug Development
The high and increasing cost of drug R&D does affect the cost of drugs. Accordingly, one of the
most important ways to better manage drug prices would be to enhance R&D efficiency in drug
research, in other words, to find collaborative ways to work together to make the cost of
innovating new drugs less expensive. 228 Most expensive for companies are candidate drugs that
reach Phase III clinical trials and then fail; better success at weeding out those types of drugs
earlier in the R&D process would make the entire drug discovery process more efficient and less
expensive. One important step in this regard has actually been the PDUFA. By putting in place
mechanisms that allow drug developers to have frank conversations with regulators about the
technical and scientific expectations for a drug to clear certain clinical trial hurdles, it has
streamlined the drug-review process to some degree and helped drug developers make better
decisions about the likelihood of candidate drugs passing the clinical-trial gauntlet. Congress’s
2017 reauthorization of PDUFA (PDUFA VI) also placed greater focus on supporting rare
diseases and breakthrough therapies, including continued application-fee waivers and advanced
reviews for medicines that can treat rare diseases, as well as prioritizing the development of
breakthrough medicines for patients with life-threatening diseases. In addition, federal support for
joint industry-university research efforts on biopharma R&D efficiency and effectiveness should be
expanded. For example, see MIT’s NEW Drug Development ParadIGmS (NEWDIGS) program,
which is “a unique collaborative ‘think and do’ tank focused on enhancing the capacity of the
global biomedical innovation system to reliably and sustainably deliver new, better, affordable
therapeutics to the right patients faster.” 229

Support Policies to Spur Increased Domestic Production
It’s clear that America needs to expand domestic production of drugs, not only for
competitiveness reasons, but also national security. Indeed, the coronavirus crisis has exposed
potential gaps in America’s capacity to domestically produce certain drugs or their key
compounds, active pharmaceutical ingredients. But the response should not be to introduce Buy
American policies, which would increase the price of U.S. drugs and exports, as well as
encourage other nations to adopt similar policies. Rather, policies to spur R&D in “process
innovation” (how a good is produced) as well as new domestic production incentives are needed.

Support R&D for Process Innovation
Increased biopharmaceutical process innovation can make it more attractive and cost effective to
manufacture drugs and APIs in the United States. Indeed, higher U.S. labor costs can be offset
by using and investing in more and better machinery, which in turn would lead to a virtuous
cycle of production: higher profits, which can lead to higher wages, leading to better machinery
and organization of work, and higher skills. As Drew Endy, a member of the bioengineering
faculty at Stanford University, explained, “America could disrupt the currently dominant batch
manufacturing processes used to make APIs with a less capital-intensive continuousmanufacturing process based on flow chemistry.” 230
The opportunity here is significant. One study contends that pharmaceutical manufacturing is
expensive, inefficient, and non-innovative, with firms using outdated production techniques and
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old plants. 231 The study estimates modern biomanufacturing techniques could eliminate as much
as $50 billion in annual production costs.
Another reason why greater investment into R&D process innovation is needed is because
productivity growth in the U.S. pharmaceuticals and medicines industry has significantly lagged
over the past several decades. According to the Bureau of Labor Statistics, since 1987 (to 2019)
labor productivity in the pharmaceuticals and medicines sector actually fell by 0.8 percent a
year, the worst performance by any U.S. manufacturing industry. 232
One of the most important ways to better manage drug prices would be to enhance R&D efficiency in
drug research.
Nevertheless, some progress is being made. Merck, for example, plans to use portable
manufacturing units, robotics to improve compliance, data analytics and information technology
(IT) integration, and continuous manufacturing in its future operations. 233 Further along,
CONTINUUS Pharmaceuticals is working on an integrated continuous manufacturing solution
that takes raw material, creates the desired API, purifies the API, and produces the final dosage
form in a single system that can operate 24/7. A prototype reduced costs by 30–50 percent,
solvent use by more than 60 percent, energy costs by 50–60 percent, facility footprint by about
90 percent, and lead time from months to less than 48 hours. 234
The federal government has invested in several initiatives to enhance U.S. biomanufacturing
competitiveness. One is the FDA’s Emerging Technology Program, launched in late 2014, which
advances the adoption of innovative technology to modernize pharmaceutical development and
manufacturing through close collaboration with industry and other relevant stakeholders, starting
from early technology development. 235 Another is NIIMBL, one of America’s 14 Manufacturing
USA Institutes of Manufacturing Innovation, which promotes the development of breakthrough
biomanufacturing processes and supports the development of standards that enable moreefficient and rapid manufacturing capabilities. 236 NIIMBL seeks to create test beds to pilot and
validate innovative new pharmaceutical manufacturing approaches, in effect “de-risking” them
before their adoption by industry. However, funding levels come nowhere near matching the
need, with NIIMBL initially operating from $70 million in federal funding and raising $125
million in private investment. 237 NIST also recently awarded $8.9 million for high-impact
manufacturing projects related to COVID-19 treatments. 238
Congress should significantly expand funding for biomedical Manufacturing USA centers, including
expanding funding for NIIMBL as well as establishing other centers addressing related manufacturing
technology challenges. In addition, federal funding should be ongoing and not sunset. No other
nation with similar industry-university-government precompetitive research centers sunsets
funding for successful centers.
In addition, Congress should fund NSF to expand support to university-industry research centers
working on biopharma production technology and potentially establish new centers. For example, the
Novartis-MIT Center for Continuous Manufacturing is a partnership launched to develop
continuous production technology. 239 At the same time, Congress should increase funding for NSF’s
Division of Engineering and target much of the increase to the Chemical Process Systems Cluster and
Engineering Biology and Health Cluster. 240 Unfortunately, between 2018 and 2019, Congress
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increased the engineering division’s budget by just 1 percent, compared with the overall NSF
budget by 3 percent.
In addition, the administration should encourage the creation of the biopharma equivalent of the
Semiconductor Research Corporation, a public-private consortium that, among other things, works
on a long-term semiconductor technology roadmap. Industry should collaborate on such a
production technology innovation roadmap, and the federal government should match their funding to
research institutes and universities on a dollar-for-dollar basis. For example, some firms have their
own roadmaps (e.g., GlaxoSmithKline’s manufacturing technology road map, is focused on the
use of continuous techniques). 241
At the same time, Congress should establish an investment tax credit for new manufacturing facilities
and equipment in the United States. This could be structured like the Alternative Simplified R&D
Credit with a credit for all investment about 50 percent of annual average investments over the
prior 3 to 5 years. This could be targeted to biopharmaceutical firms or made available to all
manufacturers. If there are fiscal concerns, the incentive could be time-limited to 10 years to
spur significant reinvestment in the United States, including in continuous process technologies
for drug production.

Invest in Biomedical Manufacturing Talent
At the same time, there is need for more and better talent for biomedical manufacturing. The
focus on talent in the industry has been on the scientists who can develop drugs, and less on the
engineers and technical workers that can design and run complex production systems. As one
study finds:
The lack of a biomanufacturing workforce that is well trained in [current good
manufacturing procedures and analytics] and that could populate clinical and industrial
manufacturing settings is seriously hampering the progress and translation of cell
therapies. Significant investment in developing such a workforce—both at the level of 2year community or technical colleges or standard 4-year universities—is critically
needed. 242
Congress should take several steps. Congress should expand the Manufacturing Engineering
Education Program from its current $15 million annual funding. In its FY 2021 budget request, DOD
asked for Congress to at least double the program funding. 243 Further, Congress should direct DOD
to develop a competition for biomedical manufacturing programs. 244 In addition, Congress should
expand funding for NSF’s Advanced Technical Education program and target the funds to the
development of centers focused on industry skill needs.

Creative Incentives for Domestic Production
If the United States is to expand domestic production, Congress will need to expand incentives
for companies to invest in the United States. Congress should task the administration with
developing a national medical products strategy that would identify key vulnerabilities in
biopharmaceutical and medical-product supply chains and develop solutions, where appropriate, to
encourage reshoring and promote greater levels of domestic manufacturing at home.
At the same time, Congress should create the equivalent of the CHIPS Act and American Foundries
Act, legislation to support the expansion of U.S. semiconductor production. 245 Both bills provide a
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model that can and should be used for the biomedical industry. In particular, Congress should
allocate at least $5 billion a year to be provided to states (matched at least with 50 cents in
state funding for every $1 dollar in federal funding) to provide incentives for the establishment of
new biomedical production facilities in the United States.
If the United States is to expand domestic biopharmaceutical production, Congress will need to expand
incentives for companies to invest in the United States.
Finally, Congress should restore the tax credit for biopharma production in Puerto Rico and other U.S.
territories. At one time, many drug companies produced critical drugs and active pharmaceutical
ingredients in Puerto Rico in part because of Section 936 of the tax code, which released
pharmaceutical manufacturers from taxes on profits made in Puerto Rico and other U.S.
territories. 246 But when that provision ended in 2006 not only did it devastate the Puerto Rico
economy, it led to a rush of factories moving to China, many induced by generous government
incentives over there. 247

Reform Regulations of Biomedical Production
Changing biopharma production technology is not only expensive and complicated, it requires
approval by the FDA. As part of its effort to assure the safety of marketed drugs, the FDA heavily
regulates the manufacturing processes used to produce them. Companies seeking approval for a
new drug are hesitant to put forward new manufacturing processes the FDA has not already
approved in another context. Once manufacturing has begun, the FDA must certify any changes
to a previously approved process. In part, as a result, the pharmaceutical industry has not seen
the dramatic improvement in quality and efficiency that other industries have experienced. FDA
Center for Drug Evaluation and Research Director Janet Woodcock recognized these challenges in
her recent congressional testimony, observing:
The adoption of advanced manufacturing technologies may pose a challenge to the current
regulatory framework, because most regulations were developed based on traditional batch
manufacturing methods under a unified pharmaceutical quality system. As a result, FDA
has launched an effort to identify and implement needed changes in the regulatory
structure. 248
As noted, the FDA’s Emerging Technology Program, launched in late 2014, advances the
adoption of innovative technology to modernize pharmaceutical development and manufacturing
through close collaboration with industry and other relevant stakeholders. 249 This is an important
program that the FDA should continue to improve on. And, as Director Woodcock noted, the FDA
should continue to reduce regulatory barriers to investing in biopharma production in the United
States. Congressional policymakers and the next administration should continue to work with the FDA
on these issues, and streamline and accelerate the FDA’s capacity to evaluate and approve innovative
new pharmaceutical manufacturing processes.

More Aggressively Contest Foreign Biopharmaceutical Mercantilism
The United States would have a larger share of global biopharmaceutical innovation and
production if firms in the United States enjoyed a level global playing field. One problem, as
noted, is that foreign nations continue to free-ride off U.S. investments in biomedical innovation
by failing to pay their fair share for innovative pharmaceuticals. Thus, a key objective of U.S. trade
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policy should be prevailing on America’s trade partners to appropriately value innovative medicines.
To its credit, the USTR’s Office has recognized the importance of “pressing trading partners to
appropriately recognize the value of innovative medicines.” 250 An important success came in the
updated U.S.-Korea Free Trade Agreement (KORUS), which obliged Korea to appropriately value
innovative medicines and provide fair and nondiscriminatory treatment of pharmaceutical
products. USTR has also raised concerns with Japan as part of the U.S.-Japan Economic
Dialogue “to ensure transparency and fairness and address other concerns with respect to
pharmaceutical pricing and reimbursement policies.” 251 Congress has a platform to articulate
America’s priorities in trade agreements with partner nations through TPA, which is due for
renewal before July 1, 2021. 252 Congress should use the opportunity of TPA renewal to affirm that a
key priority of U.S. trade policy should be that America’s trade partners pay their fair share for
innovative drugs.
U.S. trade policy needs to resist the mistaken view that holds that IP is not a trade policy issue.
In addition, U.S. trade policy needs to resist the mistaken view that holds that IP is not a trade policy
issue. It is. Nations not being able to pilfer U.S. IP through weak laws or lack of enforcement is
no different than subsidizing their exports or putting in place high import tariffs. As such, it is
important that future trade agreements include strong provisions for data exclusivity. Providing
for 12 years of data exclusivity for the clinical trial data that validates the safety and efficacy of
innovative biologic drugs has been an important factor in the success of American biologics
innovation. Accordingly, it’s appropriate that the United States has sought high standards in its
trade agreements for partner nations to implement similarly robust periods of data exclusivity for
innovative biologic drugs. Lamentably, in the final negotiations toward the Trans-Pacific
Partnership (TPP) agreement, the United States acceded to a regime providing at minimum five
years and at most eight years of data exclusivity protection. 253 And when the Trump
administration withdrew the United States from the TPP, the remaining 11 nations, which
proceeded to complete the CPTPP agreement, stripped out the provision entirely. Likewise, a
last-minute political compromise to get the USMCA FTA through Congress saw biologics-data
exclusivity provisions get excised at the eleventh hour. 254 Twelve years of data exclusivity is the
standard enshrined in U.S. law because it’s the standard that facilitates robust biologics
innovation. U.S. trade policy should advance this standard not just because it’s U.S. law, but
because in the trade agreements the United States enters it should be doing so with the mindset
of creating the conditions in which life-sciences innovation in the United States, and in partner
nations, can flourish to the greatest extent possible, for the interest of citizens and patients not
just in those nations but across the world. Accordingly, it is worrisome that in recent
congressional testimony, USTR Robert Lighthizer suggested he might be willing to accept shorter
biologics data exclusivity terms in future U.S. FTAs. 255 At a minimum, U.S. administrations should
continue to seek at least 10 years of data exclusivity in FTAs, including the FTA currently being
negotiated with the United Kingdom and also the CPTPP, which the next presidential administration
should seek for the United States to join.
Cross-border data flows represent a key component of the modern global economy. As described
in appendix B, the ability to transmit science- and health-related data across borders is
important in facilitating biopharmaceutical innovation, combatting the spread of diseases such
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as the coronavirus, and improving global public health. As such, USTR should continue to contest
countries’ data localization practices and restrictions on genomics-data movement as well as
promoting rules, such as in the USMCA, that promote open data flows and proscribe data localization
measures. In particular, U.S. policy should promote the development of an interoperable, integrated
global digital health framework, supporting the many firms and research organizations involved in
digital health that rely on the Internet, the free flow of data, and centralized IT facilities to easily,
cheaply, and reliably access data, patients, and health care providers around the world. 256
Finally, this report documents (appendix B) the wide range of foreign innovation mercantilist
practices deployed in the life-sciences sector, including discriminatory preferences, restricted
market access, export bans and restrictions, efforts to undermine IP rights such as through
compulsory licensing or IP theft, and failing to adequately value innovative medicines. USTR must
continue to comprehensively document and aggressively contest these unfair trade practices. One
instrument that could help in this regard would be for USTR to produce an annual Global
Mercantilist Index that comprehensively documents and ranks trade barriers imposed by America’s
trading partners. USTR’s Special 301 Report provides an annual review of countries that maintain
inadequate IP protections and enforcement mechanisms, and its National Trade Estimate Report
on Foreign Trade Barriers provides an effective inventory of significant foreign barriers to U.S.
exports and investment, but ITIF’s proposed Global Mercantilist Index would comprehensively
identify all of the innovation mercantilist policies of America’s trading partners and rank the
worst offenders. 257

CONCLUSION
The United States leads the world in life-sciences R&D and innovation, but as recently as 1990
that was not the case. The evolution of U.S. life-sciences innovation leadership over the past
three decades is a direct result of conscientious and intentional policy choices designed to
stimulate private-sector innovation. However, that leadership position must be continually
curated and stewarded, especially as other nations implement ever-more-aggressive policies to
bolster their nations’ life-sciences competitiveness, not only in production but also innovation.
The U.S. leadership position must be continually curated and stewarded, especially as other nations
implement ever-more-aggressive policies to bolster their nations’ life-sciences competitiveness, not
only in production but also innovation.
The federal government should continue to improve its policy environment supporting lifesciences innovation, including continuing to increase funding for NIH and eschewing draconian
drug pricing systems. And it should put in place new policies, including to expand biopharma
production domestically. The goal should not be complete self-sufficiency. This is neither
realistic nor beneficial. However, the goal should be for the United States to expand domestic
production to the point where it no longer runs a trade deficit.
Biopharmaceutical enterprises in the United States have produced life-saving and life-improving
drugs that contribute greatly to global social welfare; effective policies can help ensure that
America’s biopharmaceutical innovation and production engine continues to flourish into the
future.
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APPENDIX A: COUNTRIES PROACTIVELY BOLSTERING THEIR LIFE-SCIENCES
INNOVATION SYSTEMS
A number of competitor nations have introduced sophisticated strategies to bolster the
competitiveness of their life-sciences innovation systems, as the following section elaborates,
with case studies of several countries/regions, including China, the European Union, Japan,
Singapore, Sweden, and the United Kingdom.

China
For over a decade, the Chinese government has targeted biopharma as a key industry for
development. 258 The sector was first targeted in “The Guidelines for the Implementation of the
National Medium- and Long-term Program for Science and Technology Development (2006–
2020),” and associated implementing 11th Five-Year Plan, which called on China to “[f]orm an
advanced industrial technology system supporting the development of biotechnology drugs,
establish a batch of multi-functional, bio-technical drug production bases in line with
international standards, and cultivate a group of enterprises with international
competitiveness.” 259
China’s 12th Five-Year Plan (2011–2015) identified biotechnology as one of the country’s seven
priority emerging industries, but it wasn’t really until the introduction of China’s 13th Five-Year
Plan (2016–2020) that China developed a serious implementation plan for the sector, calling for
biotech industry output to exceed 4 percent of GDP by 2020. 260 China’s State Council has called
on all levels of government in China to target the industry for support, writing, “The people’s
governments of all provinces, autonomous regions, and municipalities directly under the Central
Government, ministries and commissions under the State Council, and their respective agencies:
The Bio-Industry Development Plan is hereby printed and distributed to you, please implement it
carefully.” 261 The Bio-industry Development Plan component set a target for biopharmaceutical
sales to grow to $1.02 trillion by 2020, at an annual growth rate of 20 percent. 262 The State
Council noted that “[i]nnovation will be strengthened through collaboration on key R&D projects,
the commercialization of pharmaceuticals, advances in medical devices, and the modernization
of TCM (traditional Chinese medicine). Industry and organizational structure will be optimized
through cross sectoral mergers and restructuring, trans-regional shifts, and the development of
concentrated industry clusters.” 263
Most recently, China’s Made in China 2025 identified 10 key industries to target, including
biomedicine. It set out the following goals:
i) Goals for 2020: 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, and World Health Organization
(WHO) authentication and achieve product export; according to international drug
standards, develop and promote 10–20 chemical and high-end drugs, 3–5 new traditional
Chinese medicines, 3–5 new biotech drugs; complete drug registration in Europe, the
United States, and other developed nations; speed up the development of
internationalization of domestically produced drugs; before 2020, when international
patents for blockbuster drugs expire, achieve over 90 percent generics production; achieve
breakthroughs for 10–15 important core and critical technologies; and begin to establish
national drug innovation system and innovation team.
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ii) Goals for 2025: By 2025, basically achieve drug quality standards and systems that are
in line with international standards; develop chemical drugs, traditional Chinese medicine,
biotech drugs focused on 10 major diseases, achieve industrialization of 20–30 innovative
new drugs; 5–10 drugs with indigenous property rights receive U.S. Food and Drug
Administration or EU authentication, and enter the international market; construct,
improve, and support the national drug innovation system for external services, form of
high-level innovation team with an international perspective, promote China’s drug
internationalization development strategy. 264
China appears to be “skating to where the puck will be” in the sense that the government is focusing
more on biotechnology and biology, rather than on more traditional pharmaceuticals and chemistry.
In addition to the national Made in China 2025 plan, at least 19 of China’s 23 provinces have
their own plan. As China’s State Council wrote in 2016:
All regions and relevant departments must fully understand the importance of promoting
the healthy development of the pharmaceutical industry, strengthen organizational
leadership, improve the working mechanism, and form a joint effort. All regions should
formulate specific implementation plans based on actual conditions, carefully organize and
implement them to ensure that all tasks are implemented. All relevant departments should
promptly formulate supporting policies in accordance with the division of responsibilities
and create a good environment. 265
China also appears to be “skating to where the puck will be” in the sense that the government is
focusing more on biotechnology and biology, rather than on more traditional pharmaceuticals and
chemistry. Its 13th Five-Year Plan focuses on “genomics and other biotechnologies, networked
application demonstration, and the scaling up of a new generation of biotechnology products and
services, including personalized treatment and innovative pharmaceuticals.” 266 Some genomicsbased drugs may need to be tailored by ethnicity, which would give the Chinese an advantage in
developing drugs for Chinese use. China is focusing more on complex biotechnology drugs in part
because that is where much of the industry is going globally. As one article noted, “China’s
leading biotech companies are already aware of the need to step up their game. The novel
chemical drug space may be close to saturation, but there’s still a lot to explore in the
biopharmaceutical field, and that is where China has the potential to catch up with the world
leaders.” 267
In summary, China’s biopharma strategy appears to be focused on growing and improving its
generics industry, in part by having a relatively weak IP system, and then on the basis of that
growth, encouraging the generics industry to innovate more, coupled with state support of
biotech start-ups. 268 China also expects to have robust access to international markets to sell its
biotechnology exports, with 86 percent of Chinese biopharma manufacturers expecting to
produce for export to the United States and the European Union in the future, compared with 25
percent that do so today. 269
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European Union
The nations of the European Union have long prioritized biopharmaceutical innovation and
investment as keys to economic competitiveness, though recent years have seen a number of
social and political obstacles arise which challenge the success of traditional strategies.
In 2011, the European Union launched its Innovation Union policy, one of the seven flagship
initiatives of the Europe 2020 strategy laying out a “comprehensive innovation approach” for
Europe. The Innovation Union, containing over 30 actions points with 3 overarching goals of
making Europe competitive on the world stage of science performance, removing obstacles to
innovation, and revolutionizing public-private partnerships has since been replaced by new policy
as dictated by former European Commissioner of Research, Science, and Innovation Carlos
Moedas, in 2015. According to the European Commission today, the three current policy goals of
EU research and innovation are “open innovation, open science, and open to the world.” 270 In an
effort to promote these goals and monitor progress, the commission introduced multiple tools,
including the Innovation Union Scoreboard and the Regional Innovation Scoreboard, which use a
variety of indicators to categorize Member States and regions as innovation leaders, innovation
followers, moderate innovators, and modest innovators. The EU also set a target of investing 3
percent of total GDP in R&D by 2020 through increasing numbers of researchers, integrating
European and national research policies, and increasing mobility for researchers across state
lines. As a final component of the EU’s strategy to measure and report on innovation
performance, the European Commission’s Innovation Output Indicator demonstrates the extent to
which innovative ideas translate to life-sciences markets and jobs and, in 2020, indicates that
the EU is “falling short in innovation output compared to the United States and Japan” 271
The nations of the European Union have long prioritized biopharmaceutical innovation and investment
as keys to economic competitiveness, though recent years have seen a number of social and political
obstacles arise which challenge the success of traditional strategies.
Multiple social and political changes in Europe have made the path to successful
biopharmaceutical policy more complicated for the nations of the European Union. With aging
and, in some parts, declining populations, the EU has needed to reevaluate current social welfare
and health-care systems for their effectiveness in light of demographic changes. Likely increases
in social care expenditures to address the needs of an older population will require the diversion
of resources originally devoted to research and innovation in the life sciences. As evidenced by
Brexit, reductions in freedom of movement throughout Europe have translated to declines in
research and innovation, as significant numbers of EU scientists have emigrated. A lack of
available talent in the EU is particularly foreboding for the state of U.K. biopharma, as 53.5
percent of U.K. international scientific collaborations are with EU nations. 272 More immediately,
the impact of the coronavirus pandemic has been substantial upon the availability of resources
for innovation, even as life-sciences research has come to the forefront of many nations’ agendas.
Europe undoubtedly possesses a strong research foundation and the resources needed to achieve
and maintain competitiveness in the biopharmaceutical industry. Horizon Europe, Europe’s
flagship R&D funding program going forward, intends to invest €100 billion ($113 billion) over
the seven years from 2021 to 2027. 273 Notably, it will include the European Innovation Council,
funded with €10 billion to “turn Europe’s scientific discoveries into businesses that can scale up
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faster.” 274 In the prior Horizon 2020 program, 9.7 percent of its budget had gone to the “health
and wellbeing” category, focusing on “investment in health research and innovation … to give
doctors the tools they need for more personalized medicine [and] step up prevention and
treatment of chronic and infectious diseases.” 275 With 16 of the world’s top-50 universities for
life sciences, half of the world’s biotech companies centralized in France, Germany, Switzerland,
and the United Kingdom, and massive potential in emerging treatment areas leveraging
technologies such as antisense, viral vectors, and siRNA, Europe is a capable and a competitive
player in life-sciences innovation. That said, where Europe excels at early innovation in terms of
research publications, it falters in later-stage innovation indicators such as high numbers of
innovative candidates and drug approvals. The United States’ patent originations triple those of
Europe; China originates roughly nine times as many patents as Europe does. 276 Amidst
uncertainty in the wake of Brexit and in the throes of a global pandemic, the EU must take
practical steps toward translating scientific potential into tangible innovation.

Japan
Japan’s biopharmaceutical competitiveness has faltered over the past decade. Japan’s share of
value-added in the global pharmaceutical industry declined by 25 percent from 2001 to
2016. 277 The number of new chemical and biological entities Japan has introduced in five-year
increments is virtually unchanged over the past three decades: Japan introduced 29 from 1997–
2001, faltered to 21 from 2002–2006 and 20 from 2007–2011, and barely bounced back to
32 from 2012–2016. 278 And whereas Japan accounted for 23 percent of such innovations from
1997–2001, it accounted for just 13 percent from 2012–2016, a decline in share of 56
percent. The country has gone from having balanced trade in pharmaceutical products in 2001
to a trade deficit today. 279 Japan now accounts for only 3 of the world’s 26 largest life-sciences
firms. And while business R&D investment in the life-sciences remains strong, Japan’s
government invests just one-sixth the amount in life-sciences R&D that the United States does.
Several specific challenges have confronted Japan’s life-sciences innovation system. Japan has
long had difficulties with translational research and technology transfer, and has suffered from
weak cooperation between public and private research entities. The country faces high and rising
costs of clinical trials and difficulty in getting patients registered for them. Further, Japan has
not harmonized with international guidelines to facilitate Japanese participation in regional
clinical trials. Because of this, Japan has significantly trailed the United States and Europe in
developing an expedited regulatory pathway for approval of innovative medicines.
In 2018, Japan significantly revised its Pharmaceutical Price Maintenance Premium (PMP), the
program responsible for ascertaining reimbursement levels the government pays for innovative
medicines. 280 But, in part because the system fails to conduct a science-based evaluation of new
medicines, many best-selling global products have been deemed not innovative under the new
criteria and consequently stripped of their PMP eligibility. In fact, according to Japan’s Ministry
of Health, Labor, and Welfare (MHLW), approximately 30 percent of patented medicines no
longer qualify for the PMP. Japan is also piloting a Health Technology Assessment system that
seeks to assess the value of innovative medicines and technologies. While such an approach isn’t
unreasonable, a particular concern is that it does not include the societal value of innovative
medicines.
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In response to Japan’s faltering life-sciences competitiveness, in 2014, the country introduced
the “Sakigake package” which sought to accelerate drug and device approvals and cut review
times. Legislatively, these changes were enacted through the PMD—Pharmaceutical and Medical
Devices—Act. 281 The PMD Act’s acceleration of regulatory approvals for some drugs and devices
played an important role in subsequently triggering a number of partnerships, licensing deals,
and research collaborations in Japan with international companies.
Japan has long been a key biopharmaceutical innovator, but comprehensive policy reforms—
particularly with regard to drug pricing and the willingness to pay for innovative medicines—are
needed if it’s going to keep pace with the United States, European countries, and China.
In 2015, the country took another step by introducing its Japan Vision: Health Care 2035:
Leading the World Through Health, a long-term policy vision from the health ministry. 282 The
strategy focuses on three prongs. The first focuses on increasing longevity and quality of life for
Japan’s rapidly aging society; the second on improving the country’s biotech and IT ecosystem,
in particular leveraging health care IT such as telemedicine and using AI for medical data
analysis; and the third on advancing innovation in specific areas associated with aging, including
regenerative medicine, diabetes, and dementia. 283 Other priorities in the strategy included
developing a national platform to support clinical trials, further speeding up drug approval
timelines, and introducing incentives that promote the development of orphan drugs.
More recently, Japan has tried to enhance the quality of its medical data environment as a
platform supporting biopharmaceutical innovation. In 2019, a legal revision allowed medical
data to be anonymized and provided for new uses. Japan’s Medical Information Database holds
health data for more than 127 million subscribers, and the government, industry, and academia
have been able to tap into the database to get better real-world data evidence for clinical trials,
and enhance the efficiency and speed of pharmacovigilance (monitoring the safety of drugs postapproval) efforts. As Akira Miura, director of the Economic Affairs Division, Health Policy Bureau
at MHLW, noted, “Japan’s promotion of data and regulatory reform together accelerate drug
development, which leads to faster patient access.” 284 Japan has long been a key
biopharmaceutical innovator, but comprehensive policy reforms—particularly with regard to drug
pricing and the willingness to pay for innovative medicines—are needed if it’s going to keep pace
with the United States, European countries, and China.

Korea
In May 2019, Korea introduced its “Innovative Strategy on the Bio-health Industry,” a holistic
strategy seeking to create a comprehensive, innovative ecosystem ranging from technology
development, approval, production, and export. 285 (Korea defines its “Bio-health Industry” as
comprising manufacturing industries, including medicines and medical devices, and “the service
industry of health management.”) The strategy increased the government’s annual R&D
investment in the sector to KRW 4 trillion ($3.3 billion), up from KRW 2.6 trillion ($2.15 billion)
annually; increased financing for the industry from state banks by KRW 2 trillion ($1.7 billion)
over the next five years; established a big data strategy to support the sector’s development,
including the introduction of five new big data platforms; and committed to improve its
regulatory approach to match those of global leaders. 286 The Korean government established a
goal of achieving a three-fold increase in Korea’s share of the global bio-health industry, from 2
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percent to 6 percent; reaching $50 billion in exports from the sector, up from $14.4 billion
today; and creating 300,000 new jobs. The strategy also includes a “National Bio Big Data”
initiative that will enroll up to one million people to be utilized in R&D on personalized new
drugs and medical technology by 2029. It further includes a “master plan” to nurture
professionals in the bio-health field in coordination with industry demand, and creates a
cooperation mechanism for open innovation between leading companies, start-ups, and venture
firms.

Singapore
Singapore has worked for over two decades to transform itself into a global hub for biomedical
R&D and innovation. Biomedical research from Singapore has contributed greatly to improving
the world’s understanding of cancer, eye diseases, neuroscience, metabolic diseases, and
infectious diseases, among others. 287 Singapore has invested significantly in the sector, launched
ambitious initiatives to attract world-class scientific talent, and instituted policies to encourage
translation of basic research into commercially viable health care technologies. 288
Notably, in 2003, Singapore established its “Biopolis,” which provides dedicated research and
residential facilities and co-locates public research institutes with corporate laboratories in order
to foster collaboration. 289 As Dr. Benjamin Seet, executive director of the Biomedical Research
Council at the Agency for Science, Technology and Research (A*STAR), a public research and
technology organization that funds R&D directed toward economic outcomes in Singapore, noted,
“After working for years to build our biomedical talent and infrastructure, Singapore’s public
research institutes and universities spawned nearly two hundred new biotech and healthcare
technology companies in the past few years.” Between 2015 and 2018, 32 local biotech startup firms were set up, double the number incorporated between 2012 and 2014. Nearly onequarter of the 79 home-grown biotech firms operating in Singapore last year were spin-offs from
A*Star. 290
Overall, the strengths of Singapore’s biopharmaceutical innovation system include robust IP
rights and enforcement; sustained and growing government investment in human skills,
technology transfer, and advanced manufacturing capacity through industry partnerships; and an
attractive clinical trial environment. Singapore has also cultivated a biopharmaceutical regulatory
framework that’s viewed as enforcing rigorous standards, approving innovative drugs timely and
efficiently, and embracing international standardization and platforms for cooperation and
capacity building. 291

Sweden
Sweden provides an interesting case study for biopharmaceutical competitiveness within the
context of the European Union. Home to pharmaceutical giants such as AstraZeneca, the former
Pharmacia, Novo Nordisk, and Lundbeck, the Swedish life-sciences industry represents an
important player in the global therapeutics market. In a 2014 EY report on Nordic life-sciences
sectors, researchers noted, “The majority of the compounds of the Nordic biotech pipeline are
generated in Sweden and Denmark, which together contributed almost 80% of the total pipeline
in 2013.” 292 Despite faring better than other industries and its neighbors after the 2008
financial recession, Sweden’s biotech and medtech industries struggled to recover capital in
subsequent years and increasingly began to seek public financing through IPOs. The reduced
size of these deals post-recession, however, meant that Sweden’s share of innovation capital—
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that is, equity capital raised by companies with revenues of less than $500 million—declined
from 2010 through 2014. 293 2013 also saw a number of major mergers and acquisitions deals in
the Swedish life-sciences industry, with an aggregated deal value of over $4 billion.
Equipped with already-strong life-sciences and ICT industries, Sweden has enjoyed the benefit of
being a natural choice for VC funding. Between 2012 and 2017, 35 percent of VC investments
in Sweden were made in the life-sciences sector, which in 2017 accounted for over SEK 836
million ($90.8 million). 294 Paired with a favorable market and an increased demand for new
markets such as China, Sweden’s life-sciences sector saw an increase in net turnover by 27
percent, along with a 15 percent increase in exports between 2014 and 2016. 295
Moving forward, Sweden has maintained its position at the forefront of life-sciences innovation
by responding to global trends. It has developed a strong national and regional eHealth
infrastructure, established collaboration and cooperation between suppliers and the public
sector, and created space for industry leaders to innovate with apps such as AstraZeneca’s EBrilique, which makes care and medical advice more accessible for patients with myocardial
infarctions. 296 Swedish companies have harnessed Big Data with initiatives such as Elekta’s
development of a global cancer informatics database and AstraZeneca’s academic research
partnership with Uppsala University to produce a massive and long-term observation study of
chronic obstructive pulmonary disease (COPD). Recent investments made by large
pharmaceutical companies such as AstraZeneca and GE Healthcare have yielded advanced
manufacturing facilities on home turf, further bolstering production capacities and an
international reputation for biopharma leadership. Finally, industry players have shown a
willingness to invest in orphan drug development despite the difficulty of realizing returns,
justifying the move with backup plans of revised remuneration models to share risk. Today,
Sweden maintains its position as the largest pharmaceuticals market in the Nordics region and
the sixth-largest in the EU, exporting principally to Germany, China, and the United States. 297

United Kingdom
Following the financial crisis of 2008, the United Kingdom overcame a massive budget deficit
and a perceived lack of commitment to scientific research with the December 2011
implementation of the Strategy for UK Life Sciences, a plan calling for new research
investments, reforms to existing tax, regulatory, and talent policies, and an overarching goal of
becoming the “global hub for life sciences in the future.” 298 Among policies implemented were
considerable investments in existing life-sciences-focused research councils, including the
Medical Research Council and the Biotechnology and Biological Sciences Research Council, as
well as financial support of new research, treatments targeted at specific populations, and small
to medium-sized enterprises in the field. Beyond investment, the United Kingdom made policy
adjustments with life-sciences competitiveness in mind, reducing corporate taxes on profits from
new IP such as patents through “patent boxes,” introducing an “above the line” R&D tax credit,
and improving the efficiency of its regulatory drug approval system. 299 The nation also introduced
a cross-sector Office for Life Sciences, bringing together the Ministries of Health and Business
with the common goal of propelling biopharma forward.
The UK’s 2011 Strategy was met with mixed results; while ventures such as the Biomedical
Catalyst Fund accelerated numerous medical research projects by matching private funding,
other projects failed to deliver on their objectives or, in some cases, even come to fruition. The
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Innovation Scorecard, a tool intended to promote understanding of British National Health
Service performance and effectiveness for patients making choices about their service providers,
was criticized for being underdeveloped and undetailed. 300
In order to maintain its attractiveness as a global biopharmaceutical hub even after withdrawing
from the EU, the United Kingdom has enacted policies intended to align with EU regulations.
The Life Sciences Sector Deal’s commitment to increase the uptake of innovative medicines and
the renegotiation of the Pharmaceutical Pricing and Regulation Scheme (now the Voluntary
Pricing Access Scheme) sent messages of encouragement to industry players through increased
transparency of approval processes and greater attention to the specific needs of complex
specialized medicines from the National Institute for Health and Care Excellence, which elected
to maintain its existing “cost-effectiveness threshold.” 301 Parliament is currently debating the
Medicines and Medical Devices Bill, which aims to ensure growth and increased availability of
innovative medicines and research by reducing bureaucratic red tape in clinical trials and
licensing processes, and increasing the number of professions able to prescribe and supply
medicines. 302
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APPENDIX B: FOREIGN INNOVATION MERCANTILISM
While many nations are trying to bolster their competitiveness in the biopharmaceutical industry
though effective strategies and polices, many are also trying to compete through innovation
mercantilist practices that distort trade and competition on market-based terms, thus harming
enterprises and industries trying to compete on a legitimate basis. As the following section
shows, such distortive polices can include free-riding by undervaluing innovation; export
restrictions on pharmaceutical or medical products; data localization policies that restrict the
cross-border flow of health information; IP policies—such as compulsory licensing, weak IP
regimes, and IP theft—that fail to respect foreign IP rights; and discriminatory foreign
government policies designed to support countries’ own biopharma industries.

Foreign Nations Undervaluing Innovation
The United States provides an environment where innovative life-sciences companies can earn
sustainable returns on their investments in life-sciences innovation. But this has created a
situation whereby other nations can free-ride off U.S. investments in life-sciences innovation by
failing to pay their fair share for innovative medicines. As Goldman and Lakdawalla wrote in “The
Global Burden of Biomedical Innovation,” “America clearly contributes more to pharmaceutical
revenue, and hence for new drug development, than its income and population would
suggest.” 303 In fact, U.S. consumers spend roughly three times as much on drugs as their
European counterparts, and 90 percent more as a share of income. 304
In its report, “How National Policies Impact Global Biopharma Innovation: A Worldwide
Ranking,” ITIF ranked 56 nations on the extent to which their scientific research, drug pricing,
and IP policies contribute to global biopharma innovation, and assessed the extent to which
nations impose price reductions on the sale of pharmaceutical products. Nations can enact price
controls on pharmaceuticals either directly or indirectly based on their national structure for
health care provision.
Two studies provided a means of grouping countries based on whether their citizens pay high,
moderate, or low prices for pharmaceuticals relative to their country’s average income levels.
First, OECD has compared price levels for pharmaceuticals against standardized economy-wide
price levels. To compare across countries, prices were adjusted by the spending power of
countries’ domestic currency relative to the U.S. dollar. A theoretical basket of pharmaceuticals
and general products was developed to perform cross-country comparisons. The basket contained
a mix of 75 percent original drugs and 25 percent generics. The study assessed whether
consumers in OECD countries were overpaying or underpaying for their pharmaceuticals relative
to day-to-day goods and services. 305 Second, a paper examining differential pricing of
pharmaceuticals worldwide compared net-sales data of drug purchases to a theoretical equitable
price weighted by gross national income levels and purchasing price parity. Through this
framework and across all national incomes, certain countries were found to pay more than an
“equitable” price for drugs, while others pay less. 306
ITIF thus ranks countries based on whether they impose low, moderate, or high levels of forced
price reductions on pharmaceuticals sales. (See table 7.) The table shows that 9 countries
exhibit a limited degree of forced price reduction for pharmaceutical drugs, while 11 nations
exhibit high levels of forced price controls.
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Table 7: Countries’ extent of pharmaceuticals price controls (sorted by extent of reduction and alphabetically) 307
Country

Extent of Pharmaceuticals
Forced Price Reductions

Country

Extent of Pharmaceuticals
Forced Price Reductions

Argentina

Low

Lithuania

Moderate

Hong Kong

Low

Malaysia

Moderate

Indonesia

Low

Netherlands

Moderate

Israel

Low

New Zealand

Moderate

Mexico

Low

Peru

Moderate

Singapore

Low

Philippines

Moderate

Switzerland

Low

Poland

Moderate

Taiwan

Low

Portugal

Moderate

United States

Low

Romania

Moderate

Austria

Moderate

Russia

Moderate

Belgium

Moderate

Slovak Republic

Moderate

Brazil

Moderate

Slovenia

Moderate

Bulgaria

Moderate

South Korea

Moderate

Canada

Moderate

Sweden

Moderate

Chile

Moderate

Turkey

Moderate

Colombia

Moderate

Ukraine

Moderate

Costa Rica

Moderate

Vietnam

Moderate

Czech Republic

Moderate

Australia

High

Estonia

Moderate

China

High

Finland

Moderate

Denmark

High

Germany

Moderate

France

High

Greece

Moderate

India

High

Hungary

Moderate

Ireland

High

Iceland

Moderate

Norway

High

Italy

Moderate

Spain

High

Japan

Moderate

Thailand

High

Kenya

Moderate

South Africa

High

Latvia

Moderate

United Kingdom

High

As noted, if peer nations relaxed price controls and paid more for innovative medicines, it would
bolster global life-sciences innovation for the benefit of humanity. For instance, research
conducted by the U.S. Department of Commerce found that moving to market-based systems
would add billions of dollars of R&D for new medicines, and would result in lower prices and
benefit patients globally through increased competition. Precision Health Economics found that
if government price controls in non-U.S. OECD countries were lifted, the number of new
treatments available would increase by 9 to 12 percent by 2030, equivalent to 8 to 13 new
drugs in that year. 308 Likewise, as Goldman and Lakdawalla wrote in “The Global Burden of
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Biomedical Innovation,” “While American subsidies to innovation provide much-needed
philanthropy to poor countries, patients in richer countries outside the United States would
benefit longer-term if they financed a greater share of drug discovery.” The authors estimated
that if European prices were 20 percent higher, the resulting increased innovation would
generate $10 trillion in welfare gains for Americans, and $7.5 trillion for Europeans over the next
50 years. 309 As they wrote, “If higher prices in Europe spurred just a few innovators to develop
effective dementia treatments [for instance], the additional prescription spending would be worth
it.”
If peer nations relaxed price controls and paid more for innovative medicines, it would bolster global
life-sciences innovation for the benefit of humanity.

Export Restrictions
The coronavirus crisis has highlighted the importance of and significant value international
supply chains have generated for the global economy, particularly with regard to the development
of lowest-cost/highest-value-added advanced-technology products, including biopharmaceuticals
and medical supplies. 310 Yet export restrictions disrupt global supply chains and innovation
processes while harming companies and placing patients’ lives at risks, as the coronavirus crisis
has also brought into stark relief. For instance, on March 3, 2020, India announced that it would
stop exporting 26 drugs and drug ingredients, including for a wide variety of antibiotics. 311
Likewise, the Chinese government forced personal protective equipment (PPE) producers,
including factories that produce equipment on behalf of Western companies, to sell every unit
they made to the Chinese government when the COVID-19 epidemic was at its worst in China
from late January through February 2020. 312 In April, Chinese export restrictions and customs
complications left stranded in warehouses and delayed shipments of even American companies’
own Chinese-manufactured, U.S.-bound face masks, test kits, and other medical equipment that
was so urgently needed. U.S. companies such as PerkinElmer, which makes coronavirus testing
kits, and Medtronic, which produces ventilators, were unable to import key components and final
goods needed to respond to the pandemic over a crucial period in April. 313
Unfortunately, that’s just been the tip of the iceberg, as by June 2020 more than 60 countries
had introduced export curbs or restrictions on medical supplies related to COVID-19 alone. 314
(See table 8.) Even the United States’ Federal Emergency Management Agency (FEMA) issued a
temporary rule on April 10, 2020, to allocate five types of PPEs for domestic use, so that these
materials may not be exported from the United States without explicit approval by FEMA. 315
Such export bans or restrictions distort global trade; provide other nations with a justification for
introducing their own export bans in the biopharmaceutical, medical supplies, or other sectors;
and should in general be avoided by policymakers.
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Table 8: Countries introducing international export restrictions on COVID-19-related products and technologies 316

Country
Albania

Cyprus

Latvia

Saudi Arabia

Algeria

Czech Republic

Lebanon

South Africa

Argentina

Ecuador

Libya

South Korea

Armenia

Egypt

Malaysia

Spain

Australia

Estonia

Moldova

Switzerland

Azerbaijan

France

Morocco

Syria

Bahrain

Hungary

Nepal

Taiwan

Belarus

India

Norway

Thailand

Belgium

Indonesia

Oman

Turkey

Brazil

Israel

Pakistan

Ukraine

Bulgaria

Jordan

Paraguay

United Arab Emirates

China

Kazakhstan

Peru

United States

Colombia

Kenya

Philippines

Uzbekistan

Costa Rica

Kuwait

Poland

Vietnam

Côte d’Ivoire

Kyrgyzstan

Romania

Zimbabwe

Barriers to Health Data and Information Flows
Just as in virtually every other sector of the economy, data increasingly provides a platform for
biopharmaceutical innovation, a dynamic that has only been accelerated with the advent of
more-sophisticated tools such as AI—which has shown tremendous potential to identify
biomarker disease targets in the human body or to model the morphology of pathogens such as
cancer or coronaviruses in the search for treatments. 317 But just as diseases such as Ebola,
malaria, and COVID-19 don’t stop at nations’ borders, health care researchers and providers need
to be able to effectively move data about these and other health challenges across borders in
order to prevent and treat them. 318 That’s why countries need to implement an international data
governance framework that permits the movement of relevant health data and services across
borders while preserving patient anonymity and privacy. 319
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For instance, China has one of the widest sets of data localization policies in the world, including
for personal, financial, mapping, and health data. 320 In May 2019, China enacted rules that not
only force firms to store genomic data locally, but also mandate that all processing has to take
place locally and by local firms—as foreign organizations are explicitly prohibited from managing
Chinese genomic data. 321 In May 2020, China fast-tracked a new law (which it hopes to enact by
year-end 2020) ostensibly designed to help prevent infectious diseases and other “biological
threats,” but which would potentially restrict all data resulting from cross-border scientific
collaborations from leaving China without government approval—and without the partnering
Chinese entity retaining some sort of rights over any technologies eventually developed. 322
Just as diseases such as Ebola, malaria, and COVID-19 don’t stop at nations’ borders, health care
researchers and providers need to be able to effectively move data about these and other health
challenges across borders in order to prevent and treat them.
Unfortunately, a number of additional countries have enacted or proposed data localization
requirements that affect health data and related services, including the following:
▪

In 2012, Australia enacted the Personally Controlled Electronic Health Records Act, which
requires personal health records be stored only in Australia. 323

▪

Two Canadian provinces, British Columbia and Nova Scotia, have implemented laws
mandating personal data held by public bodies such as schools, hospitals, and public
agencies must be stored and accessed only in Canada, unless certain conditions are
fulfilled.324

▪

India’s draft data protection bill permits the government to classify any sensitive personal
data as critical personal data and mandate its storage and processing exclusively within
India. This highlights the potential for localization, which would be consistent with both
India’s recent decision to require localization for payments data and its potential application
for other types of data. 325 Furthermore, for other types of personal data, firms must store a
copy in India (known as data mirroring) before transferring data overseas (but only under
certain conditions).

▪

In 2015, Russia enacted a Personal Data Law that mandates data operators that collect
personal data about Russian residents must “record, systematize, accumulate, store, amend,
update and retrieve” data using databases physically located in Russia. 326

▪

Countries also enact de facto barriers to transfers of health and genomic data that make it
harder and more expensive, if not impractical, for firms to transfer health-related data
overseas. For example, South Korea and Turkey require firms to get explicit consent from
residents in order to transfer sensitive data such as genomic data overseas. 327

By erecting barriers to the exchange of medical information—even anonymous data—countries’
protectionist policies harm not only their own residents, but also people around the world, all of
whom benefit from advances in medical research that may be possible from the aggregation and
analysis of health and genomic data.
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Weakening Intellectual Property Rights
As noted previously, robust IP rights represent a foundational enabling pillar for life-sciences
innovation. As ITIF’s Innovate4Health series—which has profiled over 40 case studies of lifesciences innovators from developing nations and whose histories tell a story of how IP rights
facilitated their innovation efforts—has shown, strong life-sciences IP rights are as important in
developing countries as they are in developed countries. 328 Unfortunately, some countries have
taken steps that have weakened their IP environments, which is detrimental both to the cause of
life-sciences innovation by entrepreneurs in their own countries, as well as to the prospect of
new-to-the-world drugs being introduced rapidly in their own nations. Such policies include
compulsory licensing, patent regimes with expanded utility tests making it difficult to secure IP
rights, and the outright theft of foreign IP.
Strong life-sciences IP rights are as important in developing countries as they are in developed
countries.

Compulsory Licenses
Article 30 of the Trade-related Aspects of Intellectual Property (TRIPS) Agreement states that
governments may provide limited exceptions to exclusive patent rights, so long as the measures
do not unreasonably prejudice the legitimate interests of rightsholders or conflict with the normal
exploration of a patent. TRIPS Article 31 articulates the conditions under which countries can
introduce compulsory licenses—a government order permitting the use by government or third
parties of the subject matter of a patent without the authorization of the patent holder—stating
that compulsory licenses must only be authorized on a case-by-case basis, be limited in scope
and duration, be nonexclusive, and that any licensee must pay adequate compensation to the
rights holder based on the patent’s economic value. 329 The Doha Declaration on the TRIPS
Agreement and Public Health Use permitted World Trade Organization members nations, in
accordance with specified and limited procedures, to issue compulsory licenses to export
pharmaceutical products to countries that cannot produce drugs for themselves. Use of
compulsory licenses is permitted by TRIPS only after efforts have been made to acquire a
technology on commercial terms through voluntary licensing. Voluntary licenses can only be
bypassed with the issuance of compulsory licenses under conditions of national emergency or
other circumstances of extreme urgency. 330 Nonetheless, some countries have tried to use
compulsory licensing as an industrial policy to stimulate domestic generic pharmaceuticals
manufacturing. But issuing compulsory licenses on rightsholders’ legitimate IP rights forces the
involuntary disclosure of their hard-won technology or knowledge, and undermines a nation’s own
IP and innovation environment.
Unfortunately, an increasing number of countries have considered or are issuing compulsory
licenses. For instance, since 2004, Indonesia has issued compulsory licenses on nine patented
pharmaceutical products, and revisions to the country’s Patent Law in 2016 gave the Indonesian
government the ability to grant compulsory licenses on broad public interest grounds. 331 On
March 18, 2020, Israel issued a compulsory license permitting the generic manufacture of
AbbVie’s Kaletra, an anti-HIV/AIDS drug, without consultation with the patentee. 332 Peru’s
Congress has introduced legislation that would demand issuance of a compulsory license on an
innovative HIV treatment. Chile’s legislature has passed multiple resolutions demanding Chile’s
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Ministry of Health issue a compulsory license on the hepatitis C treatment sofosbuvir, and, in
2018, the Ministry complied, issuing Resolution 399, which declared that there are public
health reasons that justify issuing compulsory licenses on certain patent-protected drugs used to
treat hepatitis C. 333 More recently, Chile’s Chamber of Deputies passed a resolution calling on
the country’s government to declare its support for issuing compulsory licenses on patented
products that could be useful in treating the coronavirus. Likewise, a commission of the
Ecuadorian National Assembly passed a resolution on March 20, 2020, directing Ecuador’s
health minister to issue compulsory licenses on products whose availability is important to the
public health response to COVID-19. 334 In Colombia, CL Decree 476 CL authorizes the
Colombian Ministry of Health to issue compulsory licenses on COVID-19-related technologies. 335
But while compulsory licenses can seem like an easy shortcut to stimulate lower-cost domestic
pharmaceutical manufacturing, they inflict significant long-term damage on countries’ own lifesciences innovation ecosystems, while inducing companies to refrain from or delay introducing
the most cutting-edge technologies in countries, meaning policymakers are denying or delaying
their own citizens’ access to the latest, life-improving or life-saving medical technologies. That’s
because it’s clear that the quality of a country’s IP environment impacts the introduction of
leading-edge products and technologies, including pharmaceuticals. For instance, Cockburn and
Lanjouw, in their study “Patents and The Global Diffusion of New Drugs,” examined 642 new
drug launches in 76 countries from 1983 to 2002, finding that the speed and extent of drug
diffusion was strongly associated with countries’ patent (and price regulation) regimes, and that
countries moving from a regime of “no product patents” to “long product-patent terms” reduced
drug launch lag times by 55 percent. 336 Moreover, there’s evidence that compulsory licenses may
do little to significantly lower prices. In their report, “Compulsory Licensing Often Did Not
Produce Lower Prices For Antiretrovirals Compared To International Procurement,” Beall, Kuhn,
and Attaran analyzed 30 compulsory licenses of HIV/AIDS retroviral drugs against 673
comparable procurements, finding, “Compulsory licensing often delivered suboptimal value
compared to intl. procurement alternatives.” In fact, they found that in two-thirds of cases, the
HIV/AIDS retroviral drugs were acquired by compulsory licensing, with a price premium of 25
percent. 337
While compulsory licenses can seem like an easy shortcut to stimulate lower-cost domestic
pharmaceutical manufacturing, they inflict significant long-term damage on countries’ own lifesciences innovation ecosystems, while inducing companies to refrain from or delay introducing the
most cutting-edge technologies in countries.
Clearly, in the context of the coronavirus crisis, some nations have rushed to react by calling for
the issuance of compulsory licenses. But the fundamental problem with the coronavirus is not
IP, it’s that the world doesn’t have the IP—that is, the knowledge and knowhow—to develop
effective vaccines or treatments (beyond Gilead’s remdesivir, which though a useful therapeutic,
remains far from a cure). Instead of seeking to issue compulsory licenses, especially when many
companies have said they are willing to voluntarily make coronavirus therapies available
affordably or at not-for-profit costs to least-developed nations, countries should be much more
focused on preparing their health-care systems to be positioned to deploy coronavirus vaccines
and therapies to their populations.
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Weak Patent Regimes
TRIPS lays out standards for patentability criteria, noting that countries should make patents
available across all fields of technology in accordance with the principles that the innovative
technology be novel, non-obvious, and capable of industrial application. But some countries,
such as Canada with its erstwhile “promise doctrine” or India with its India Patents Act, have
either introduced expanded tests for utility or narrowed patentability criteria. As the USTR’s
Office noted in its 2020 Special 301 report, “In the pharmaceutical sector, Section 3(d) of the
India Patents Act also remains problematic. One implication of its restriction on patent-eligible
subject matter is the failure to incentivize innovation that would lead to the development of
improvements with benefits for Indian patients.” 338 Section 3(d) of India’s Patents Act holds that
pharmaceutical companies have to prove significant clinical efficacy enhancements in their
drugs over already-patented compounds. 339 India’s application of Section 3(d) of the Patents Act
in the past has meant companies were not able to secure patent rights for innovative drugs in
India, whereas they were able to do so in other nations. For instance, in 2013, the Indian
Supreme Court rejected Novartis’s application for a patent for Glivec, its then-breakthrough antileukemia drug, on the grounds that the active compound in Glivec, imatinib mesylate, failed “in
both the tests of invention and patentability.” This despite the fact the drug enjoyed patent
protection in over 40 other countries at the time. 340
In other words, the patentability standards established under Section 3(d) of India’s Patents
Act—which require a demonstration of “enhanced efficacy”—erect an additional hurdle to
obtaining a pharmaceutical patent in India that goes beyond the TRIPS standard that inventions
that are new, involve an inventive step, and are capable of industrial application are entitled to
patent protection. Moreover, this additional condition of showing “enhanced efficacy” appears to
be applied only to pharmaceuticals, thus unfairly discriminating against a particular field of
technology. 341 Not only does Section 3(d) have the effect of limiting patentability of potentially
beneficial biopharmaceutical innovations, it also undermines incentives for innovation by
preventing patentability for improvements which do not relate to efficacy, such as an invention
relating to the improved safety of a product. 342 Separately, India also lacks rules to protect
undisclosed testing and other data generated to obtain marketing approval for pharmaceutical
and agrochemical products against unfair commercial use and unauthorized disclosure.

Intellectual Property Theft
As noted, IP may account for as much as 80 percent of a life-sciences company’s value, making
the sector extremely vulnerable to attempts to pilfer key IP related to molecular compounds or
manufacturing processes. A recent PwC survey of 119 global pharmaceuticals and life-sciences
CEOs found 64 percent were “concerned that an inability to protect intellectual property will
hamper growth.” 343 Foreign IP theft costs the U.S. economy as much as $600 billion
annually. 344
China is the world’s leading practitioner of IP theft. In fact, the U.S. Federal Bureau of
Investigation has 2,000 active investigations tracing back to the Chinese government related to
Chinese “economic espionage,” including IP theft, an increase of 1,300 percent over the past
decade. 345 China accounts for an estimated 80 percent of all IP thefts from U.S.-headquartered
organizations—one reason why, in 2018, one in five North American CEOs reported their
companies experienced IP being stolen in China. 346 As in most technology fields, Chinese statesponsored actors also target biopharma firms for theft of IP, including through cybertheft and
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rogue employees. 347 For instance, Chinese agents have hacked into systems at U.S. biopharma
companies, including Abbott Laboratories and Wyeth (now part of Pfizer). 348
China-championed trade-secret theft is a particular challenge. In 2013, two Chinese nationals
who had been employed as scientists at Eli Lilly were charged with stealing and providing trade
secrets to a Chinese pharmaceutical firm. 349 In 2018, Yu Xue, a leading biochemist working at a
GlaxoSmithKline research facility in Philadelphia admitted to stealing company secrets and
funneling them to Renopharma, a rival Chinese biotech firm funded in part by the Chinese
government. 350 In 2019, MD Anderson and Emory University both dismissed Chinese-born
scientists for theft of IP. 351 A report to the U.S. China Economic and Security Review
Commission notes Ventria Bioscience, Genentech, GlaxoSmithKline, Dow AgroSciences LLC,
Cargill Inc, Roche Diagnostics, and Amgen have all experienced theft of trade secrets or
biological materials perpetrated by a current or former employee(s) with the intent to sell them to
a Chinese competitor. 352 In academia, researchers have stolen biotech information or samples
from their employers at Cornell University, Harvard University, and UC Davis. Moreover, there
have been numerous reports of Chinese biomedical researchers working at American universities,
often on NIH grants, taking the IP their labs develop to China. 353 As the 2019 report of the U.S.
China Economic and Security Review Commission to Congress concludes, IP theft has been a key
reason for the emergence of China’s biotech sector, which is becoming the world’s leading
producer of active pharmaceutical ingredients. 354

Domestic Preferences
Finally, some countries try to advantage domestic life-sciences producers through discriminatory
procurement practices. China is one. For instance, the 2016 State Council Document on the
industry stated, “In principle, government procurement projects must purchase domestically
produced products and gradually improve the level of domestic equipment configuration of
public medical institutions.” 355 Some argue that China uses the drug import license as an
industrial policy tool, limiting imports in order to give domestic firms a respite from foreign
competition. For example, the government did not approve the 2015 renewal of Pfizer’s license
for the importation of its Prevnar 7 drug, a pneumococcal vaccine. Some have argued this was in
order to give a domestic pneumococcal vaccine more time to be developed free from
competition. 356 Likewise, Japan’s Pharmaceutical PMP, the program responsible for ascertaining
reimbursement levels the government pays for innovative medicines, includes preferences when
companies conduct more clinical trials and launch new products early in Japan. And countries
such as Brazil and Russia offer significant price preferences in government procurement for
locally manufactured goods. 357

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 71

Acknowledgments
The author would like to thank Robert Atkinson, Joe Kennedy, Olivia Van Dervort, and Caleb
Foote for their contributions to this report. Any errors or omissions are the author’s alone.

About the Author
Stephen J. Ezell is ITIF Vice President for Global Innovation Policy and focuses on science,
technology, and innovation policy as well as international competitiveness and trade policy
issues. He is the coauthor of Innovating in a Service Driven Economy: Insights Application, and
Practice (Palgrave McMillan, 2015) and Innovation Economics: The Race for Global Advantage
(Yale, 2012). Ezell holds a B.S. from the School of Foreign Service at Georgetown University,
with an honors certificate from Georgetown’s Landegger International Business Diplomacy
program.

About ITIF
The Information Technology and Innovation Foundation (ITIF) is a nonprofit, nonpartisan
research and educational institute focusing on the intersection of technological innovation and
public policy. Recognized as the world’s leading science and technology think tank, ITIF’s
mission is to formulate and promote policy solutions that accelerate innovation and boost
productivity to spur growth, opportunity, and progress.
For more information, visit us at www.itif.org.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 72

ENDNOTES
1.

Robert D. Atkinson, “How China’s Mercantilist Policies Have Undermined Global Innovation in the
Telecom Equipment Industry” (Information Technology and Innovation Foundation, June 2020),
https://itif.org/publications/2020/06/22/how-chinas-mercantilist-policies-have-undermined-globalinnovation-telecom.

2.

Pharmaceutical Research and Manufacturers of America (PhRMA), “Medicines in Development,”
https://www.phrma.org/en/Science/In-The-Pipeline/Medicines-in-Development.

3.

PhRMA, “Chart Pack: Biopharmaceuticals in Perspective, Summer 2019” (2019), 25,
https://www.phrma.org/-/media/Project/PhRMA/PhRMA-Org/PhRMA-Org/PDF/PR/PhRMA_2019_ChartPack_Final.pdf.

4.

Cristin Flanagan, Riley Griffin, and Robert Langreth, “Vaccine Trials Advance in Race for Virus
Protection,” Bloomberg, April 16, 2020, https://www.bloomberg.com/features/2020-coronavirusdrug-vaccine-status/; U.S. Food and Drug Administration, “Coronavirus Treatment Acceleration
Program (CTAP),” https://www.fda.gov/drugs/coronavirus-covid-19-drugs/coronavirus-treatmentacceleration-program-ctap.

5.

Gary M. Owens, “New FDA Drug Approvals Hit an 18-Year High in 2014,” American Health & Drug
Benefits Vol. 8, Special Feature (2015): 15–17,
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4665053/.

6.

Ashley Mullard, “2019 FDA Drug Approvals” Nature Reviews: Drug Discovery Vol. 19 (February
2020): 79, https://www.nature.com/articles/d41573-020-00001-7.

7.

PhRMA, “Chart Pack: Biopharmaceuticals in Perspective, Summer 2019,” 28.

8.

Frank Lichtenberg, “Pharmaceutical Innovation and Longevity Growth in 30 Developing and Highincome Countries, 2000–2009,” Health Policy and Technology Vol. 3, Issue 1 (March 2014): 36–
58, https://www.sciencedirect.com/science/article/abs/pii/S2211883713000646.

9.

Stephen Kurczy, “Calculating the Benefit of Drugs,” Columbia Business School Ideas and Insights,
February 12, 2019, https://www8.gsb.columbia.edu/articles/ideas-work/calculating-benefits-drugs.

10.

Stephen Chupaska, “The Value of a Vaccine,” Columbia Business School Ideas and Insights, March
23, 2020, https://www8.gsb.columbia.edu/articles/ideas-work/value-vaccine.

11.

Kurczy, “Calculating the Benefit of Drugs.”

12.

Rebecca L. Siegel, Kimberly D. Miller, and Ahmedin Jemal, “Cancer statistics, 2019.” CA: A Cancer
Journal for Clinicians Vol. 69, Issue 1, (2019):7–34,
https://onlinelibrary.wiley.com/doi/full/10.3322/caac.21551.

13.

Seth A. Seabury et al., “Quantifying Gains in the War on Cancer Due to Improved Treatment and
Earlier Detection,” Forum for Health Economics & Policy, Vol. 19, Issue 1 (November 2015),
https://www.degruyter.com/view/journals/fhep/19/1/article-p141.xml.

14.

C. Gambacorti-Passerini et al., “Multicenter independent assessment of outcomes in chronic
myeloid leukemia patients treated with imatinib,” Journal of the National Cancer Institute Vol. 103,
Issue 7 (April 2011) :553–561, https://pubmed.ncbi.nlm.nih.gov/21422402/.

15.

Stephen Ezell, “The Bayh-Dole Act’s Vital Importance to the U.S. Life-Sciences Innovation System”
(ITIF, March 2019), 20, https://itif.org/sites/default/files/2019-bayh-dole-act.pdf.

16.

Association of University Technology Managers (AUTM), “Activator Puts The Break on Cancer,”
https://autm.net/about-tech-transfer/better-world-project/bwp-stories/activator-for-treating-cancer.

17.

Stephen Ezell, “The Imperative of Protecting Life-Sciences Innovation in the TPP” (ITIF, March
2015), http://www2.itif.org/2015-life-science-tpp.pdf.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 73

18.

Joe Kennedy and Robert D. Atkinson, “Healthy Funding: Ensuring a Predictable and Growing Budget
for the National Institutes of Health” (ITIF and United for Medical Research, February 2015), 2,
http://www2.itif.org/2015-healthy-funding.pdf.

19.

The Alzheimer’s Association, “Changing the Trajectory of Alzheimer’s Disease” (2015),
http://www.alz.org/documents_custom/trajectory.pdf.

20.

Adams Nager, “A Trillion-Dollar Opportunity: How Brain Research Can Drive Health and Prosperity”
(ITIF, July 2016), http://www2.itif.org/2016-trillion-dollar-opportunity.pdf.

21.

Frank R. Lichtenberg, “The Impact of Pharmaceutical Innovation on Disability Days and the Use of
Medical Services in the United States, 1997–2010” Journal of Human Capital Vol. 8, No. 4 (Winter
2014): 432–480, https://www.jstor.org/stable/10.1086/679110.

22.

Frank R. Lichtenberg, “The Benefits of Pharmaceutical Innovation: Health, Longevity, and Savings”
(Montreal Economic Institute, 2016), 5, https://www.iedm.org/files/cahier0216_en_0.pdf.

23.

Ibid.

24.

Research!America, “U.S. Investments in Medical and Health Research and Development: 2013–
2018” (2019), 3,
https://www.researchamerica.org/sites/default/files/Publications/InvestmentReport2019_Fnl.pdf.

25.

Benjamin P. Linus et al., “Cost Effectiveness and Cost Containment in the Era of Interferon-Free
Therapies to Treat Hepatitis C Virus Genotype 1,” Open Forum Infectious Diseases Vol. 4, Issue 1
(Winter 2017), https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5414108/.

26.

Janet Weiner and Benjamin P. Linas, “Cost-effective Screening and Treatment of Hepatitis C”
(University of Pennsylvania Leonard Davis Institute of Health Economics Issue Brief, September
2018), https://ldi.upenn.edu/brief/cost-effective-screening-and-treatment-hepatitis-c.

27.

Bruce Pyenson, Andrew Bochner, and Ryan Cannon, “An Actuarial Approach to the Increasing Cost
of Hepatitis C in the Absence of Curative Treatments” (Milliman, September 2015), 1,
http://216.92.211.13/2015/HCV/20150915_Incremental-Cost-of-HCV-White-Papercopy.pdf.

28.

U.S. Bureau of Economic Analysis, “GDP-by-industry (U.Real Value Added by Industry),” accessed
June 30, 2020, https://apps.bea.gov/iTable/index_industry_gdpIndy.cfm.

29.

Ibid.; U.S. Bureau of Labor Statistics, “Quarterly Census of Employment and Wages” (Employment
and Total Wages for NAICS 3254, 541714, 541711), accessed June 30, 2020,
https://www.bls.gov/cew/data.htm.

30.

NDP Analytics, “The Innovative Pharmaceutical Manufacturing Industry: Driving Economic Growth”
(NDP Analytics, September 2017), http://www.ndpanalytics.com/s/IP-Report-2017.pdf; U.S. Food
and Drug Administration, “Drug Establishments Current Registration Site,” analysis as of April
2019.

31.

We Work for Health, “Our Impact,” https://www.weworkforhealth.org/our-impact.

32.

Russell Ormiston, "An Analysis of Construction Spending in the Pharmaceutical & Biotech Industry,
2012–2017" (Institute for Construction Economic Research, September 2018),
https://www.pilma.org/wp-content/uploads/2018/12/Part-2-Pharmaceutical-and-BiotechConstruction-Report-REVISED-SEPTEMBER-2018.pdf.

33.

U.S. Bureau of Labor Statistics, “Occupational Employment Statistics May 2019” (SOC Major
Groups 15-0000, 17-0000, 19-0000), accessed June 30, 2020,
https://www.bls.gov/oes/current/oessrci.htm.

34.

U.S. Bureau of Labor Statistics, “Quarterly Census of Employment and Wages” (Employment for
NAICS 3254, 541714, 541711).

35.

Ibid.

36.

Ibid. (Medicine and drug manufacturing and research and development in biotechnology.)

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 74

37.

Ibid.

38.

Caleb Foote and Robert D. Atkinson, “Ten Facts About the State of the Economy for U.S. Workers
Without College Degrees” (ITIF, December 2019), https://itif.org/publications/2019/12/02/ten-factsabout-state-economy-us-workers-without-college-degrees.

39.

U.S. Bureau of Economic Analysis, “GDP-by-industry (U.Real Value Added by Industry).”

40.

Ernst R. Berndt, Rena M. Conti, and Stephen J Murphy, “The Generic Drug User Fee Amendments:
An Economic Perspective” Journal of Law and the Biosciences Vol. 5, Issue 1 (April 2018): 103–
141,
https://dspace.mit.edu/bitstream/handle/1721.1/120507/lsy002.pdf?sequence=1&isAllowed=y.

41.

U.S. Bureau of Economic Analysis, “GDP-by-industry (U.Real Value Added by Industry).”

42.

Ibid.

43.

Ibid.

44.

Ibid.

45.

Christine Moorman, “Marketing Budgets Vary by Industry,” The Wall Street Journal, January 24,
2017, https://deloitte.wsj.com/cmo/2017/01/24/who-has-the-biggest-marketing-budgets/.

46.

Pham, “The Innovative Pharmaceutical Manufacturing Industry: Driving Economic Growth: 2017.”

47.

National Science Foundation, National Center for Science and Engineering Statistics (NCSES),
“Business Research and Development: 2017” (NCSES, 2017), Table 5, 25,
https://ncses.nsf.gov/pubs/nsf20311#&.

48.

National Science Foundation, National Center for Science and Engineering Statistics (NCSES),
“Business Research and Development: 2017” (NCSES, 2017), Table 2, 15,
https://ncses.nsf.gov/pubs/nsf20311#&; National Science Foundation, “Research and Development
in Industry: 1999” (NSF, 2002), Table A-7, 30, https://wayback.archiveit.org/5902/20150629131800/http://www.nsf.gov/statistics/nsf02312/pdf/secta.pdf.

49.

National Science Foundation, National Center for Science and Engineering Statistics (NCSES),
“Business Research and Development: 2017,” Table 3.

50.

Ibid., Table 2, 15.

51.

NSF, “2020 Science and Engineering Indicators: Research and Development: U.S. Trends and
International Comparisons,” 33.

52.

National Science Foundation, “Higher Education Research and Development Survey: Fiscal Year
2016,” “Table 28: Higher Education R&D Expenditures Funded by Businesses, Ranked by All R&D
Expenditures, by R&D Field: FY 2016,” (National Science Foundation, 2016),
https://ncsesdata.nsf.gov/herd/2016/html/HERD2016_DST_28.html.

53.

Robert D. Atkinson, “Industry Funding of University Research: Which States Lead?” (ITIF, January
2018), http://www2.itif.org/2018-industry-funding-university-research.pdf.

54.

National Science Foundation, “Science and Engineering Indicators 2020, Table S8-20,” accessed
May 26, 2020, https://ncses.nsf.gov/pubs/nsb20204/data.

55.

Mullard, “2019 FDA drug approvals,” 81.

56.

Ibid.

57.

Ibid., 82.

58.

Ibid., 79, 82.

59.

Personalized Medicine Coalition (PMC), “Personalized Medicine at FDA: A Progress and Outlook
Report” (PMC, 2019), http://www.personalizedmedicinecoalition.org/Userfiles/PMCCorporate/file/PM_at_FDA_A_Progress_and_Outlook_Report.pdf.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 75

60.

Census Bureau, USATrade, “Exports & Imports by NAICS Commodities,” accessed May 26, 2020,
https://usatrade.census.gov/.

61.

The Conference Board, “International Comparisons of Hourly Compensation Costs in Manufacturing,
2016 - Summary Tables,” https://conference-board.org/ilcprogram/index.cfm?id=38269#Table1.

62.

Organization for Economic Cooperation and Development, OECD.Stat, Structural Analysis Database
(Bilateral trade in goods by industry and end use), accessed July 5, 2020, https://stats.oecd.org/#.

63.

United Nations Comtrade Database and author’s calculations, https://comtrade.un.org/data/. Note:
Negative number means the United States runs a trade deficit with that country.

64.

Jonathan D. Rockoff, “Why Pharma is Flocking to Inversions,” The Wall Street Journal, July 14,
2014, https://www.wsj.com/articles/why-pharma-is-flocking-to-inversions-1405360384.

65.

John Bentil, “How Tax Reform Will Affect the Pharmaceutical Industry,” PharmExec.com, February
15, 2018, http://www.pharmexec.com/how-tax-reform-will-affect-pharmaceutical-industry.

66.

Brad W. Setser, “The Irish Shock to U.S. Manufacturing?” Council on Foreign Relations, Follow the
Money blog, May 15, 2010, https://www.cfr.org/blog/irish-shock-usmanufacturing?utm_medium=social_share&utm_source=emailfwd#image-42159.

67.

Organization for Economic Cooperation and Development, “International collaboration to end tax
avoidance,” https://www.oecd.org/tax/beps/.

68.

Bureau of Economic Analysis, Series ID EIUIY3254 and EIUIZ3254, (accessed February 13. 2018)
https://www.bls.gov/mxp/.

69.

TEConomy Partners, LLC, “Closing the Gap: Increasing Global Competition to Attract and Grow the
Biopharmaceutical Sector.” (PhRMA, June 2017), iv, http://phrmadocs.phrma.org/download.cfm?objectid=FE4D8020-47C9-11E7-AEC60050569A4B6C.

70.

Pugatch Consilium, “Ascending to the Peak of Biopharmaceutical Innovation: Biopharmaceutical
Competitiveness and Investment (BCI) Survey, Fourth Edition, 2017” (Pugatch Consilium, 2017),
98, http://www.pugatch-consilium.com/reports/BCI_2017_Report.pdf. The report surveys general
managers of multinational research-based biopharmaceutical companies in 31 countries.

71.

Monique Ellis, “Top 10 Locations for Life Science Jobs in the World,” ProClinical Life Sciences
Recruitment Blog, April 10, 2017, https://blog.proclinical.com/top-10-locations-for-life-sciencejobs-in-the-world. (The five categories are Scientific Capabilities & Infrastructure, Clinical Research
Conditions & Framework, the Regulatory System, Market Access and Financing, and Effective
Intellectual Property Protections.) Also see: Pugatch Consilium, “Ascending to the Peak of
Biopharmaceutical Innovation.”

72.

GlaxoSmithKline (GSK), “GSK in the US,” https://us.gsk.com/en-us/about-us/gsk-in-the-us/.

73.

Eric Sagonowsky, “The top 20 pharma companies by 2019 revenue,” Fierce Pharma, April 20,
2020, https://www.fiercepharma.com/special-report/top-20-pharma-companies-by-2019-revenue.

74.

Justin Chakma et al., “Asia’s Ascent—Global Trends in Biomedical R&D Expenditures” New England
Journal of Medicine 370 No. 1 (January 2014); E.R. Dorsey et al., “Funding of US Biomedical
Research, 2003-2008” New England Journal of Medicine 303 (2010): 137-43,
http://www.ncbi.nlm.nih.gov/pubmed/20068207.

75.

Organization for Economic Cooperation and Development, OECD.Stat, “R&D by Main Activity,”
https://stats.oecd.org/Index.aspx?DataSetCode=BERD_INDUSTRY_ISIC4. The industries are defined
as manufacture of basic pharmaceutical products and pharmaceutical preparations and manufacture
of medical and dental instruments and supplies. Data is for 2008 and 2017 or latest year available.

76.

Ibid.

77.

Organization for Economic Cooperation and Development (OECD), Health at a Glance 2019 “Figure
10.13: R&D intensity by industry: business enterprise R&D expenditure as a share of gross valued
added, 2016 (or nearest year),” 215.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 76

78 . The U.S. average would be 17 percent excluding Incyte and Vertex.
79.

European Commission, “The 2019 EU Industrial R&D Investment Scoreboard” (European
Commission, 2020), 57, 61, https://iri.jrc.ec.europa.eu/sites/default/files/202004/EU%20RD%20Scoreboard%202019%20FINAL%20online.pdf.

80.

Battelle Technology Partnership Practice, “The U.S. Biopharmaceutical Industry: Perspectives on
Future Growth and the Factors that Will Drive it,” (Battelle, April 2014),
http://www.phrma.org/sites/default/files/pdf/2014-economic-futures-report.pdf.

81.

Ian Lloyd, “Pharma R&D Annual Review 2020” (Pharma Intelligence, 2020), 16,
https://pharmaintelligence.informa.com/resources/product-content/pharma-rd-annual-review-2020whitepaper.

82.

Ibid., 17.

83.

U.S. International Trade Administration, “2016 Top Markets Report Pharmaceuticals” (U.S.
Department of Commerce, International Trade Administration, 2016), 6,
https://legacy.trade.gov/topmarkets/pdf/Pharmaceuticals_Executive_Summary.pdf.

84.

National Science Foundation, “Science and Engineering Indicators 2020” (Supplemental Tables
S5a-5, S5a-10), https://ncses.nsf.gov/indicators/data.

85.

Ibid.

86.

Organization for Economic Cooperation and Development, OECD.Stat, “Patents by technology:
Triadic Patent Families,” accessed July 6, 2020.
https://stats.oecd.org/viewhtml.aspx?datasetcode=PATS_IPC&lang=en.

87

Ibid.

88.

David Michels and Amison Jonnard, Review of Global Competitiveness in the Pharmaceutical
Industry (U.S. International Trade Commission, April 1999) Publication 3172, 2–3,
https://www.usitc.gov/publications/332/pub3172.pdf.

89.

European Federation of Pharmaceutical Industries and Associations (EFPIA), “The Pharmaceutical
Industry in Figures, Key Data 2019,” 8, https://www.efpia.eu/media/413006/the-pharmaceuticalindustry-in-figures.pdf.

90.

Ibid.; World Bank, Gross Domestic Product by Country, 1966–2018, accessed June 30, 2020,
https://data.worldbank.org/indicator/NY.GDP.MKTP.CD

91.

National Science Foundation, “Science and Engineering Indicators: 2020,” Appendix table S6-6
(accessed June 11, 2020), https://ncses.nsf.gov/pubs/nsb20205/data.

92.

Ibid.

93.

OECD.Stat, Structural Analysis Database (Bilateral trade in goods by industry and end use),
accessed July 5, 2020, https://stats.oecd.org/#.

94.

William B. Bonvillian and Charles Weiss, Technology Innovation in Legacy Sectors (London,
England: Oxford University Press, 2015).

95.

Dr. Everett Ehrlich, “An Economic Engine: NIH Research, Employment, and the Future of the
Medical Innovation Sector” (United for Medical Research, 2011), 3,
http://www.eyeresearch.org/pdf/UMR_Economic%20Engine_042711a.pdf.

96.

Ibid., 3.

97.

EveryCRSReport, “National Institutes of Health (NIH) Funding: FY1995–FY2021,” (accessed May
12, 2020), https://www.everycrsreport.com/reports/R43341.html.

98.

Ashley J. Stevens et al., “The Role of Public-Sector Research in the Discovery of Drugs and
Vaccines,” The New England Journal of Medicine Vol. 364, Issue 1 (February 2011): 1,
https://www.nejm.org/doi/full/10.1056/NEJMsa1008268.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 77

99.

U.S. Senate Joint Economic Committee, “The Benefits of Medical Research and the Role of the
NIH,” May 17, 2000, https://www.faseb.org/portals/2/pdfs/opa/2008/nih_research_benefits.pdf.

100. Ranjana Chakravarthy et al., “Public- and Private-Sector Contributions to the Research and
Development of the Most Transformational Drugs in the Past 25 Years: From Theory to Therapy,”
Therapeutic Innovation and Regulatory Science Vol. 50, Issue 6 (July 2016),
https://www.ncbi.nlm.nih.gov/pubmed/30231735.
101. Ehrlich, “An Economic Engine,” 5.
102. Anusuya Chatterjee and Ross C. DeVol, “Estimating Long-Term Economic Returns of NIH Funding
on Output in the Biosciences” (Milken Institute, 2012, 4),
http://www.milkeninstitute.org/publications/view/535.
103. United for Medical Research, “The Impact of Genomics on the U.S. Economy” (United for Medical
Research, June 2013), http://www.unitedformedicalresearch.com/advocacy_reports/the-impact-ofgenomics-on-the-u-s-economy.
104. Andrew A. Toole, “The Impact of Public Basic Research on Industrial Innovation: Evidence from the
Pharmaceutical Industry,” Research Policy Vol. 41, Issue 1 (February 2012): 1–12,
https://www.sciencedirect.com/science/article/abs/pii/S004873331100117X.
105. Frank R. Lichtenberg, “Pharmaceutical Innovation, Mortality Reduction, and Economic Growth,”
NBER Working Paper No. 6569 (May 1998): 100–103, https://www.nber.org/papers/w6569.
106. Selma J. Mushkin and J. Steven Landefeld, Biomedical Research: Costs and Benefits (Cambridge,
MA: Ballinger Publishing Co., 1979).
107. Sabarni K. Chatterjee and Mark L. Rohrbaugh, “NIH Inventions Translate Into Drugs and Biologics
With High Public Health Impact,” Nature Biotechnology 32, (2014): 56,
https://www.nature.com/articles/nbt.2785?message-global=remove.
108. Philip Stevens and Stephen Ezell, “Delinkage Debunked: Why Replacing Patents With Prizes for
Drug Development Won’t Work” (ITIF, February 2020),
https://itif.org/publications/2020/02/03/delinkage-debunked-why-replacing-patents-prizes-drugdevelopment-wont-work.
109. Joseph P. Allen, “When Government Tried March In Rights to Control Health Care Costs,”
IPWatchdog, May 2, 2016, http://www.ipwatchdog.com/2016/05/02/march-in-rights-health-carecosts/id=68816/.
110. B. Graham, “Patent Bill Seeks Shift to Bolster Innovation,” The Washington Post, April 8, 1978;
Stevens, “The Role of Public Sector Research,” 536.
111. Ezell, “The Bayh-Dole Act’s Vital Importance to the U.S. Life-Sciences Innovation System.”
112. “Innovation’s Golden Goose,” The Economist, December 12, 2002,
http://www.economist.com/node/1476653.
113. Naomi Hausman, “University Innovation, Local Economic Growth, and Entrepreneurship,” U.S.
Census Bureau Center for Economic Studies Paper No. CES-WP- 12–10 (July 2012): 5,
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2097842.
114. John H. Rabitschek and Norman J. Latker, “Reasonable Pricing—A New Twist for March-in Rights
Under the Bayh-Dole Act,” Santa Clara High Technology Law Journal Vol. 22, Issue 1 (2005), 150,
https://digitalcommons.law.scu.edu/cgi/viewcontent.cgi?article=1399&context=chtlj.
115. Association of University Technology Managers, “Driving the Innovation Economy: Technology
Transfer in Numbers” (AUTM, 2019), https://autm.net/AUTM/media/SurveysTools/Documents/AUTM_FY2018_Infographic.pdf.
116. Author’s calculation in collaboration with Stephen Susalka, AUTM President, based on data that in
2018 AUTM had 26,217 inventions disclosed (all inventions, not just federally funded inventions),
7,625 U.S. patents issued, and 9,350 licenses/options executed. While there are caveats (such as

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 78

some of the license/options could be double-counted or that a license could be for a non-patented
technology, or be used for multiple patents), 9,350options/licenses /26,217 inventions = an
approximately 35 percent licensed invention rate.
117. Association of University Technology Managers, “AUTM 2017 Licensing Survey” (AUTM, 2017), 5,
https://autm.net/AUTM/media/SurveyReportsPDF/AUTM_2017_US_Licensing_Survey_no_appendix.pdf.
118. Statistic provided by Dr. Mark Rohrbaugh, Special Advisor for Technology Transfer National Institute
of Health, “Bayh-Dole and the Coronavirus Crisis” (ITIF Webinar, April 23, 2020),
https://itif.org/events/2020/04/23/bayh-dole-and-coronavirus-crisis.
119. Ezell, “The Bayh-Dole Act’s Vital Importance to the U.S. Life-Sciences Innovation System,” 13–19.
120. Moderna, “Moderna’s Patent Estate: Messenger RNA Technologies (mRNA) & Delivery
Technologies,” https://www.modernatx.com/mrna-technology/modernas-intellectual-property.
121. Valerie Bauman, "Cutting-Edge Covid Treatments Owe Development to Carter-Era Law," Bloomberg
Law, May 21, 2020, https://news.bloomberglaw.com/pharma-and-life-sciences/cutting-edge-covidtreatments-owe-development-to-carter-era-law.
122. Stephen J. Ezell, “How the Bayh-Dole Act Facilitates Development of Coronavirus Therapies,”
Morning Consult, April 3, 2020, https://morningconsult.com/opinions/how-bayh-dole-act-facilitatesdevelopment-coronavirus-therapies/.
123. Pacific BioLabs, “Stages of Drug Development,” https://pacificbiolabs.com/stages-of-drugdevelopment.
124. PhRMA, “Chart Pack: Biopharmaceuticals in Perspective.”
125. Ibid., 33.
126. Deloitte Center for Health Solutions, “Unlocking R&D Productivity: Measuring the Return From
Pharmaceutical Innovation 2018” (Deloitte Center for Health Solutions, 2018),
https://www2.deloitte.com/global/en/pages/life-sciences-and-healthcare/articles/measuring-returnfrom-pharmaceutical-innovation.html.
127. Deloitte Center for Health Solutions, “Unlocking R&D Productivity: Measuring the Return From
Pharmaceutical Innovation 2019” (Deloitte Center for Health Solutions, 2019), 2,
https://www2.deloitte.com/content/dam/Deloitte/uk/Documents/life-sciences-health-care/deloitte-ukten-years-on-measuring-return-on-pharma-innovation-report-2019.pdf.
128. Tufts Center for the Study of Drug Development, “Cost to Develop and Win Marketing Approval for a
New Drug is $2.6 Billion,” news release, November 18, 2014,
http://csdd.tufts.edu/news/complete_story/pr_tufts_csdd_2014_cost_study.
129. Ezell, “The Bayh-Dole Act’s Vital Importance to the U.S. Life-Sciences Innovation System.”
130. John Vernon, Joseph Golec, and Joseph DiMasi, “Drug Development Costs When Financial Risk is
Measured Using the Fama-French Three-Factor Model,” Health Economics Vol. 19, Issue 4 (August
2010), https://www.ncbi.nlm.nih.gov/pubmed/19655335.
131. Henry Grabowski, John Vernon, and Joseph A. DiMasi, “Returns on Research and Development for
1990s New Drug Introductions,” Pharmacoeconomics Vol. 20, Supplement 3:11 (2002): 11–29,
https://pubmed.ncbi.nlm.nih.gov/12457422/.
132. Stephen Ezell, “Yes, Drugs Like Remdesivir Should Be Priced Above Marginal Cost,” The Innovation
Files, May 27, 2020, https://itif.org/publications/2020/05/27/yes-drugs-remdesivir-should-bepriced-above-marginal-cost.
133. Pierre Dubois, “Market size and pharmaceutical innovation,” The Rand Journal of Economics Vol.
46, Issue 4 (October 2015): 844–871, https://onlinelibrary.wiley.com/doi/full/10.1111/17562171.12113.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 79

134. Organization for Economic Cooperation and Development, Pharmaceutical Pricing Policies in a
Global Market (OECD, September 2008), 190, http://www.oecd.org/els/pharmaceutical-pricingpolicies-in-a-global-market.htm.
135. Ibid.
136. R. Henderson and I.M. Cockburn, “Scale, Scope, and Spillovers: The Determinants of Research
Productivity in the Pharmaceutical Industry,” RAND Journal of Economics Vol. 27, No. 1 (1996):
32–59, https://www.jstor.org/stable/2555791?seq=1.
137. Destrina Grace Simanjuntak and Raymond R. Tjandrawinata, “Impact of Profitability, R&D Intensity,
and Cash Flow on R&D Expenditure in Pharmaceutical Companies” (Social Science Research
Network, April 29, 2011), http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1824267.
138. Henderson and Cockburn, “Scale, Scope, and Spillovers: The Determinants of Research Productivity
in the Pharmaceutical Industry,” 32–59.
139. George Symeonidis, “Innovation, Firm Size and Market Structure: Schumpeterian Hypotheses and
Some New Themes” OECD Economic Studies 27, (1996), https://ideas.repec.org/p/oec/ecoaaa/161en.html.
140. Alfonso Gambardella, Science and Innovation: The US Pharmaceutical Industry During the 1980s
(Cambridge University Press, 1995).
141. Organization for Economic Cooperation and Development, Pharmaceutical Pricing Policies in a
Global Market, 190.
142. Michael T. Maloney and Abdulkadir Civan, “The Effect of Price on Pharmaceutical R&D,” SSRN
Electronic Journal Vol. 9, Issue 1 (2009): 1–14, https://ssrn.com/abstract=995175 or
http://dx.doi.org/10.2139/ssrn.995175.
143. Joseph H. Golec and John A. Vernon, “European Pharmaceutical Price Regulation, Firm Profitability,
and R&D Spending,” NBER Working Paper No. 12676 (September 2006),
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=932989.
144. Benjamin Zycher, “The Human Cost of Federal Price Negotiations: The Medicare Prescription Drug
Benefit and Pharmaceutical Innovation” (The Manhattan Institute, November 2006),
https://www.manhattan-institute.org/pdf/mpr_03.pdf.
145. Congressional Budget Office (CBO), “Effects of Drug Price Negotiation Stemming From Title 1 of
H.R. 3, the Lower Drug Costs Now Act of 2019, on Spending and Revenues Related to Part D of
Medicare” (CBO, October 11, 2019), https://www.cbo.gov/system/files/201910/hr3ltr.pdf?mc_cid=ae5e192438&mc_eid=4589597ff8.
146. Taylor T. Schwartz et al., “The Impact of Lifting Government Price Controls on Global
Biopharmaceutical Innovation and Population Health” (Precision Health Economics, 2018),
https://tools.ispor.org/research_pdfs/58/pdffiles/PHP216.pdf.
147. Executive Office of the President, Council of Economic Advisors, “Reforming Biopharmaceutical
Pricing At Home and Abroad” (Executive Office of the President, February 2018), 6,
https://www.whitehouse.gov/wp-content/uploads/2017/11/CEA-Rx-White-Paper-Final2.pdf.
148. Congressional Budget Office (CBO), “How Taxes Affect the Incentives to Invest in New Intangible
Assets” (CBO, November 2018), 22–23, https://www.cbo.gov/system/files?file=2018-11/54648Intangible_Assets.pdf.
149. Larry Samano, Keith Brogan, and Jason Frame, “Guarding the lifeblood of life sciences: Managing
the risk of intellectual property cyber theft” (Deloitte, 2017),
https://www2.deloitte.com/us/en/pages/advisory/articles/life-sciences-information-securityintellectual-property.html.
150. Ezell, “The Imperative of Protecting Life Sciences Innovation in the TPP.”
151. Lloyd, “Pharma R&D Annual Review 2020,” 34.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 80

152. Jon Entine, “FDA Balances Costs, Patient Safety in the Biologics Personalized Medicine
Revolution,” Forbes, July 23, 2012, http://www.forbes.com/sites/jonentine/2012/07/23/fdabalances-costs-patient-safety-in-the-biologics-and-personalized-medicine-revolution-will-it-get-itright-or-damage-the-miracle-industry/print/.
153. Hearing on Biologics and Biosimilars: Balancing Incentives for Innovation, Before the House Comm.
on the Judiciary and Subcomm. on Courts and Competition Policy, 111th Cong. (July 14, 2009)
(statement of Congresswoman Anna G. Eshoo),
http://judiciary.house.gov/hearings/pdf/Eshoo090714.pdf.
154. Ezell, “The Imperative of Protecting Life Sciences Innovation in the TPP.”
155. Kathleen R. Kelleher, “FDA Approval of Generic Biologics: Finding a Regulatory Pathway,” Michigan
Telecommunications and Technology Law Review Vol. 14, Issue 1 (2007),
https://repository.law.umich.edu/cgi/viewcontent.cgi?article=1086&context=mttlr.
156. Dr. Kristina Lybecker, “Protecting Data Exclusivity, Protecting the Future of Medicine,” IPWatchdog,
November 10, 2013, http://www.ipwatchdog.com/2013/11/10/protecting-data-exclusivityprotecting-the-future-of-medicine/id=46136/.
157. Ibid.
158. Ibid.
159. Committee on Science, Engineering, and Public Policy, National Academy of Sciences, National
Academy of Engineering, Institute of Medicine, “Rising Above the Gathering Storm: Energizing and
Employing America for a Brighter Economic Future” (Washington, D.C.: National Academies Press,
2007), 190, http://www.utsystem.edu/competitive/files/RAGS-fullreport.pdf.
160. John Wu and Robert D. Atkinson, “How Technology-Based Start-Ups Promote U.S. Economic
Growth,” (Information Technology and Innovation Foundation, November 2017), 12,
https://itif.org/publications/2017/11/28/how-technology-based-start-ups-support-us-economicgrowth. The life sciences accounted for three of the ten industries that ITIF identified as being high
technology. The study defines start-ups as firms that are 10 years old or less.
161. Ibid, 11.
162. TEConomy Partners, LLC and PhRMA, “The Economic Impact of the U.S. Biopharmaceutical
Industry”; April 2019 analysis of Pitchbook data, https://pitchbook.com.
163. National Science Board, Science & Engineering Indicators 2018 “Table S8–64: Venture capital
investment in China and the United States, by industry: 2013–18.”
164. Pitchbook, “U.S. VC median deal size ($M) by stage for Pharma & Biotech.” (Note: Data provided to
ITIF by Pitchbook.)
165. Richard Murphy, “Top biotech venture capital funds of 2018 and 2019,” Bay Bridge Bio,
https://www.baybridgebio.com/blog/top_vcs_2018.html.
166. Georg von Krogh et al., “The Changing Face of Corporate Venturing in Biotechnology,” Nature
Biotechnology Vol. 30, No. 10 (2012): 911–15,
https://www.nature.com/articles/nbt.2383.pdf?origin=ppub.
167. Pitchbook, “4Q 2018 Pitchbook-NVCA Venture Monitor” (Pitchbook, January 2019),
https://pitchbook.com/news/reports/4q-2018-pitchbook-nvca-venture-monitor.
168. The chart refers to New Molecular Entities (NMEs) in the form of New Drug Applications (NDAs) or
Biologics License Applications (BLAs) using data from the Center for Drug Evaluation and Research
(CDER). United States General Accountability Office (GAO), “FDA Drug Approval: Review Time Has
Decreased in Recent Years” (Washington, D.C: GAO, October 20, 1995),
http://www.gao.gov/assets/230/221919.pdf; John K. Jenkins, M.D., “CDER New Drug Review: 2015
Update” (PowerPoint presentation, U.S. Food and Drug Administration/CMS Summit, Washington,
D.C., December 14, 2015),

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 81

http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/
UCM477020.pdf.
169. Stephen J. Ezell, “How the Prescription Drug User Fee Act Supports Life-Sciences Innovation and
Speeds Cures” (ITIF, February 2017), http://www2.itif.org/2017-pdufa-life-sciences-innovation.pdf.
170. U.S. Food and Drug Administration, “Breakthrough Therapies,” https://www.fda.gov/regulatoryinformation/food-and-drug-administration-safety-and-innovation-act-fdasia/frequently-askedquestions-breakthrough-therapies.
171. Samantha A. Roberts, Jeff D. Allen, and Ellen V. Sigal, “Despite Criticism of the FDA Review
Process, New Cancer Drugs Reach Patients Sooner in the United States Than in Europe,” Health
Affairs Vol. 30, No. 7 (2011): 1375–1381,
http://content.healthaffairs.org/content/30/7/1375.full.pdf+html.
172. Ezell, “How the Prescription Drug User Fee Act Supports Life-Sciences Innovation and Speeds
Cures.”
173. Ibid.
174. Stephen Ezell, “Faulty Prescription: Why a ‘Buy American’ Approach for Drugs and Medical Products
Is the Wrong Solution” (ITIF, June 2020), https://itif.org/sites/default/files/2020-faultyprescription.pdf.
175. Ari Aldstedter, “Where the U.S. Actually Gets Its Drug Supply: QuickTake Q&A,” Bloomberg News,
January 17, 2017, https://www.bloomberg.com/news/articles/2017-01-17/where-the-u-s-actuallygets-its-drug-supply-quicktake-q-a.
176. “Safeguarding Pharmaceutical Supply Chains in a Global Economy,” Before the U.S. House
Committee on Energy and Commerce, Subcommittee on Health, 116th Cong. (October 30, 2019)
(statement of Janet Woodcock, Director of FDA Center for Drug Evaluation and Research),
https://www.fda.gov/news-events/congressional-testimony/safeguarding-pharmaceutical-supplychains-global-economy-10302019.
177. Woodcock, “Safeguarding Pharmaceutical Supply Chains in a Global Economy.”
178. Jacqueline Varas, “U.S. Dependence on Chinese Pharmaceuticals is Overstated” (American Action
Forum, May 2020),
https://www.americanactionforum.org/print/?url=https://www.americanactionforum.org/insight/u-sdependence-on-chinese-pharmaceuticals-overstated/.
179. Geneva Network and Global Trade and Innovation Policy Alliance (GTIPA), “A Joint Declaration on
the Importance of Collaboration, Open Trade, and Innovation in Tackling COVID-19” (Geneva
Network and GTIPA, May 2020), http://www2.itif.org/2020-collaboration-open-trade-innovation.pdf.
180. Katy Stech Ferek, “GM Seeks Tariff Relief for Ventilator Parts,” The Wall Street Journal, April 3,
2020, https://www.wsj.com/articles/gm-seeks-tariff-relief-for-ventilator-parts-11585947245.
181. Robert D. Atkinson, “China’s Biopharmaceutical Strategy: Challenge or Complement to U.S. Industry
Competitiveness?” (ITIF, August 2019), https://itif.org/publications/2019/08/12/chinasbiopharmaceutical-strategy-challenge-or-complement-us-industry.
182. Gary P. Pisano and Willy C. Shih, “Does America Really Need Manufacturing?” Harvard Business
Review, March 2012, 4, https://hbr.org/2012/03/does-america-really-need-manufacturing.
183. Ibid., 6.
184. Richard P. Harrison et al., “Chimeric antigen receptor–T cell therapy manufacturing: modelling the
effect of offshore production on aggregate cost of goods,” Cytotherapy Vol. 21, Issue 2 (February
2019): 224–233, https://www.sciencedirect.com/science/article/pii/S1465324919300039.
185. Pisano and Shih, “Does America Really Need Manufacturing?” 6.
186. Ibid., 7.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 82

187. Clive Baldman et al., “Why We Need Continuous Pharmaceutical Manufacturing and How to Make It
Happen,” Journal of Pharmaceutical Sciences Vol. 108, Issue 11 (November 2019): 3521–3523,
https://www.sciencedirect.com/science/article/abs/pii/S0022354919304514.
188. Ibid.
189. F. M. Scherer, “Pricing, Profits, and Technological Progress in Pharmaceutical Industry,” Journal of
Economic Perspectives Vol 7, No. 3 (Summer 1993): 97–115,
http://pubs.aeaweb.org/doi/pdfplus/10.1257/jep.7.3.97.
190. Rabah Kamal, Daniel McDermott, and Cynthia Cox, “How has U.S. spending on healthcare changed
over time?” (Petersen-KFF Health System Tracker, December 2019),
https://www.healthsystemtracker.org/chart-collection/u-s-spending-healthcare-changed-time/#itemstart.
191. Jared S. Hopkins and Peter Loftus, “Flip the Script: Drugmakers Blame Middlemen for Price
Increases,” The Wall Street Journal, February 5, 2019, https://www.wsj.com/articles/flip-the-scriptdrugmakers-blame-middlemen-for-price-hikes-11549364401?mod=hp_lead_pos4.
192. Aaron Vandervelde and Eleanor Blalock, “The Pharmaceutical Supply Chain: Goss Drug Expenditures
Realized by Stakeholders” (Berkeley Research Group, 2017),
https://www.thinkbrg.com/media/publication/863_Vandervelde_PhRMA-January-2017_WEBFINAL.pdf.
193. Ibid., 1.
194. Greg Reh, “2020 Global Life-sciences Outlook: Creating new value, building blocks for the future”
(Deloitte, 2020), 17, https://www.economist.com/search?q=pharmaceutical+industry+returns.
195. Hopkins and Loftus, “Flip the Script: Drugmakers Blame Middlemen for Price Increases.”
196. Statista, “Proportion of branded versus generic drug prescriptions dispensed in the United States
from 2005 to 2018,” https://www.statista.com/statistics/205042/proportion-of-brand-to-genericprescriptions-dispensed/.
197. Jack Scannell, “Four Reasons Drugs Are Expensive, Of Which Two Are False,” Forbes, October 13,
2015, http://www.forbes.com/sites/matthewherper/2015/10/13/four-reasons-drugs-are-expensive-ofwhich-two-are-false/#257708d948a5.
198. Ibid.
199. Reh, “2020 Global Life-sciences Outlook,” 17.
200. U.S. Food and Drug Administration, “FDA approves first biosimilar for the treatment of cancer,”
news release, September 14, 2017, https://www.fda.gov/news-events/press-announcements/fdaapproves-first-biosimilar-treatment-cancer.
201. Stephen Ezell, “Comments to the Centers for Medicare & Medicaid Services on an International
Pricing Index Model for Medicare Part B Drugs” (ITIF, December 2018),
https://itif.org/publications/2018/12/31/comments-centers-medicare-medicaid-servicesinternational-pricing-index.
202. Joseph Allen, “Proposal from Senator King Won’t Reduce Drug Prices, Just Innovation,”
IPWatchdog, July 17, 2017, https://www.ipwatchdog.com/2017/07/17/senator-king-reduce-drugprices-innovation/id=85702/.
203. Birch Bayh and Bob Dole, “Our Law Helps Patients Get New Drugs Sooner,” The Washington Post,
April 11, 2002, https://www.washingtonpost.com/archive/opinions/2002/04/11/our-law-helpspatients-get-new-drugs-sooner/d814d22a-6e63-4f06-8da3d9698552fa24/?utm_term=.ddbf6876a380.
204. National Institute of Standards and Technology (NIST), “Return on Investment Initiative: Final
Green Paper” (NIST, April 2019),
https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1234.pdf.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 83

205. Ibid., 29.
206. Ibid.
207. Ibid., 31.
208. Javier Diez-Aguirre, “When the USPTO Came Close to Shutdown,” CPA Global,
https://www.cpaglobal.com/cpa-global-blog/when-the-uspto-came-close-to-shutdown.
209. Joe Kennedy, “How to Ensure That America’s Life-sciences Sector Remains Globally Competitive”
(ITIF, March 2018), 37, https://itif.org/publications/2018/03/26/how-ensure-americas-life-sciencessector-remains-globally-competitive.
210. U.S. Senator Todd Young, “Young, Schumer Unveil Endless Frontier Act to Bolster U.S. Tech
Leadership and Combat China,” news release, May 27, 2020,
https://www.young.senate.gov/newsroom/press-releases/young-schumer-unveil-endless-frontier-act-tobolster-us-tech-leadership-and-combat-china.
211. Stephen J. Ezell and Scott Andes, “Localizing the Economic Impact of Research and Development:
Policy Proposals for the Trump Administration and Congress” (ITIF and Brookings Foundation,
December 2016), https://itif.org/publications/2016/12/07/localizing-economic-impact-research-anddevelopment-policy-proposals-trump.
212. Kaitlin Ugolik, “MIT’s Andrew Lo Touts Megafund to Tackle Cancer, Rare Diseases,” Institutional
Investor, October 16, 2015, https://www.institutionalinvestor.com/article/b14z9ypfg10q6q/mitsandrew-lo-touts-megafund-to-tackle-cancer-rare-diseases.
213. Robert D. Atkinson et al., “Tech Policy To Do List” (ITIF, February 2019), 16,
http://www2.itif.org/2019-tech-policy-to-do-list.pdf.
214. Matthew Stepp and Robert D. Atkinson, “Creating a Collaborative R&D Tax Credit” (ITIF, June
2011), https://itif.org/publications/2011/06/09/creating-collaborative-rd-tax-credit.
215. AUTM, “AUTM 2017 Licensing Survey,” 5.
216. Ezell and Andes, “Localizing the Economic Impact of Research and Development,” 36.
217. Joe Kennedy, “Tax Proposals Attempt to Bridge the “Valley of Death” for Small Research Firms,”
The Innovation Files, March 24, 2015, http://www.innovationfiles.org/tax-proposals-attempt-tobridge-the-valley-of-death-for-small-research-firms/.
218. Ernst & Young, “Economic Impact of Tax Proposals Affecting Research-Intensive Start-Up
Businesses and Qualified Small Business Companies” (July 2013),
http://smallbusinessinnovators.org/userfiles/ey%20csbi%20report%20economic%20impact%20of%
20tax%20proposals%20for%20start-ups.pdf.
219. Ibid.
220. Peter Tollman et al., “Unlocking Productivity in Biopharmaceutical R&D” (Boston Consulting Group,
January 2016), https://www.bcg.com/en-us/publications/2016/unlocking-productivity-inbiopharmaceutical-rd---the-key-to-outperforming.aspx; Massachusetts Institute of Technology (MIT)
Startup Exchange, “Improving R&D Productivity in the Biopharmaceutical Industry,”
https://startupexchange.mit.edu/node/17406.
221. Joshua New, “The Promise of Data-Driven Drug Development” (ITIF, September 2019),
https://itif.org/publications/2019/09/18/promise-data-driven-drug-development.
222. Simon Smith, “43 pharma companies using artificial intelligence in drug discovery,” BenchSci,
June 24, 2020, https://blog.benchsci.com/pharma-companies-using-artificial-intelligence-in-drugdiscovery.
223. Nicholas J DeVito, Seb Bacon, and Ben Goldacre, “Compliance with legal requirement to report
clinical trial results on ClinicalTrials.gov: a cohort study” The Lancet, Vol. 395 (2020): 361–369,
https://doi.org/10.1016/S0140-6736(19)33220-9.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 84

224. Stephen J. Ezell and Robert D. Atkinson, “Fifty Ways to Leave Your Competitiveness Woes Behind: A
National Traded Sector Competitiveness Strategy” (ITIF, 2011), http://www2.itif.org/2012-fiftyways-competitiveness-woes-behind.pdf.
225. Robert D. Atkinson and Merrilea Mayo, “Refueling the U.S. Innovation Economy: Fresh Approaches
to Science, Technology, Engineering and Mathematics (STEM) Education” (ITIF, 2010), 156,
http://www.itif.org/files/2010-refueling-innovation-economy.pdf.
226. Kennedy, “How to Ensure That America’s Life-sciences Sector Remains Globally Competitive,” 38.
227. Robert D. Atkinson, “Limiting L-1 Visas: How to Harm America’s Business Climate and Kill Jobs,”
The Innovation Files, June 18, 2020, https://itif.org/publications/2020/06/18/limiting-l-1-visas-howharm-americas-business-climate-and-kill-jobs.
228. Ezell, “Testimony Before the House Oversight Committee on Drug Prices, Intellectual Property, and
Biomedical Innovation,” 14.
229. Massachusetts Institute of Technology (MIT) Center for Biomedical Innovation, “Welcome to MIT
NEWDIGS,” https://newdigs.mit.edu/.
230. Ezell, “Faulty Prescription,” 10.
231. W. Nicholson Price II, “Making Do in Making Drugs: Innovation Policy and Pharmaceutical
Manufacturing,” Boston College Law Review Vol. 55, Issue 2 (2014): 492,
https://lawdigitalcommons.bc.edu/bclr/vol55/iss2/5/.
232. U.S. Bureau of Labor Statistics, “Productivity and Costs by Industry: Manufacturing and Mining
Industries,” news release, June 25, 2020, https://www.bls.gov/news.release/prin.htm.
233. National Academies Press, “Innovations in Pharmaceutical Manufacturing: Proceedings of a
Workshop—in Brief” (2020), 3, https://www.nap.edu/catalog/25814/innovations-in-pharmaceuticalmanufacturing-proceedings-of-a-workshop-in-brief.
234. Ibid, 8.
235. U.S. Food and Drug Administration, “About the Emerging Technology Program,”
https://www.fda.gov/about-fda/center-drug-evaluation-and-research-cder/emerging-technologyprogram.
236. The National Institute for Innovation in Manufacturing Biopharmaceuticals (NIIMBL), “About
NIIMBL,” https://niimbl.force.com/s/about-niimbl.
237. Jacob Owens, “NIIMBL funding limit lifted by Congress,” Delaware Business Times, December 26,
2019, https://delawarebusinesstimes.com/news/niimbl-funding-limit/.
238. Manufacturing USA, “NIST Awards $8.9 Million to Fund High-Impact Biopharmaceutical
Manufacturing Projects to Battle COVID-19,” news release, May 28, 2020,
https://www.manufacturingusa.com/news/nist-awards-89-million-fund-high-impactbiopharmaceutical-manufacturing-projects-battle-covid.
239. Rick Mullin, “Off the drawing board,” Chemical and Engineering News, April 28, 2019,
https://cen.acs.org/pharmaceuticals/Off-drawing-board/97/i17.
240. National Science Foundation, “Programs: Directorate for Engineering (ENG),”
https://www.nsf.gov/funding/programs.jsp?org=ENG.
241. Mullin, “Off the drawing board.”
242. Isabelle Rivière and Krishnendu Roy, “Perspectives on Manufacturing of High-Quality Cell
Therapies,” Molecular Therapy Vol. 25, Issue 5 (May 2017): 1067–1068,
https://www.sciencedirect.com/science/article/pii/S1525001617301715.
243. United States Department of Defense, “Department of Defense Fiscal Year (FY) 2021 Budget
Estimates” (Department of Defense, February 2020),

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 85

https://comptroller.defense.gov/Portals/45/Documents/defbudget/fy2021/budget_justification/pdfs/0
3_RDT_and_E/RDTE_Vol3_OSD_RDTE_PB21_Justification_Book.pdf.
244. American Institute of Physics, “Final FY19 Appropriations: STEM Education,” news release, March
8, 2019, https://www.aip.org/fyi/2019/final-fy19-appropriations-stem-education.
245. Stephen Ezell, “New legislation required to secure US semiconductor leadership,” The Hill, June
30, 2020, https://thehill.com/opinion/technology/505054-new-legislation-required-to-secure-ussemiconductor-leadership.
246. Ezell, “Faulty Prescription,” 11.
247. John W. Schoen, “Here's how an obscure tax change sank Puerto Rico's economy,” CNBC,
September 26, 2017, https://www.cnbc.com/2017/09/26/heres-how-an-obscure-tax-change-sankpuerto-ricos-economy.html.
248. Woodcock, “Safeguarding Pharmaceutical Supply Chains in a Global Economy.”
249. U.S. Food and Drug Administration, “About the Emerging Technology Program.”
250. Office of the United States Trade Representative, “USTR Engagement on Pharmaceutical And
Medical Device Issues” (USTR, April 2018), https://ustr.gov/about-us/policy-offices/press-office/factsheets/2018/april/ustr-engagement-pharmaceutical-and.
251. Ibid.
252. Ian F. Fergusson and Christopher M. Davis, “Trade Promotion Authority (TPA): Frequently Asked
Questions” (Congressional Research Service, June 21, 2019),
https://fas.org/sgp/crs/misc/R43491.pdf.
253. Stephen Ezell, Post-hearing Statement to the U.S. International Trade Commission, “Trans-Pacific
Partnership Agreement: Likely Impact on the U.S. Economy and on Specific Industry Sector” (ITIF,
February 2016).
254. Rachel Cohrs, “Biologic exclusivity provision stripped from revised USMCA deal,” Modern
Healthcare, December 10, 2019, https://www.modernhealthcare.com/politics-policy/biologicexclusivity-provision-stripped-revised-usmca-deal.
255. Bloomberg Government, “Transcript: House Ways and Means Committee Hearing on the 2020 Trade
Policy Agenda, Testimony of USTR Robert Lighthizer,” June 17, 2020,
https://waysandmeans.house.gov/legislation/hearings/2020-trade-policy-agenda.
256. Nigel Cory and Philip Stevens, “Building a Global Framework for Digital Health Services in the Era of
COVID-19” (ITIF, May 2020), https://itif.org/sites/default/files/2020-digital-health.pdf.
257. Michelle Wein, Stephen Ezell, and Robert D. Atkinson, “The Global Mercantilist Index: A New
Approach to Ranking Nations’ Trade Policies” (ITIF, October 2014),
https://itif.org/publications/2014/10/08/global-mercantilist-index-new-approach-ranking-nationstrade-policies.
258. Atkinson, “China’s Biopharmaceutical Strategy,” 16.
259. State Council of the Republic of China, “Notice of the State Council on the Development Plan of the
Indian Producing Industry” (January 2013), http://www.gov.cn/zhengce/content/201301/06/content_2754.htm.
260. Adolfo Arranz, “Betting Big on Biotech,” South China Morning Post, October 9, 2018,
https://multimedia.scmp.com/news/china/article/2167415/china-2025-biotech/index.html.
261. State Council of the Republic of China, “Notice of the State Council on the Development Plan of the
Indian Producing Industry.”
262. KPMG, “The 13th Five-Year Plan-China’s Transformation and Integration with the World Economy”
(KPMG, October 2016), https://assets.kpmg.com/content/dam/kpmg/cn/pdf/en/2016/10/13fypopportunities-analysis-for-chinese-and-foreign-businesses.pdf.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 86

263. Ibid., 16.
264. Translated by U.S. Chamber of Commerce, “Made in China 2025: Global Ambitions Built on Local
Protections” (U.S. Chamber of Commerce, 2017), 79–80, https://www.uschamber.com/report/madechina-2025-global-ambitions-built-local-protections-0.
265. Office of the State Council, “National Policy on Health Industry,” March 4, 2016,
https://howtobehealthyforme.wordpress.com/2018/09/27/national-policy-on-health-industry/.
266. KPMG, “The 13th Five-Year Plan-China’s Transformation and Integration with the World Economy.”
267. Cornelia Zou, “China channels its resources to expand biopharmaceutical sector in 10-year plan,”
BioWorld, http://www.bioworld.com/content/china-channels-its-resources-expand-biopharmaceuticalsector-10-year-plan.
268. Atkinson, “China’s Biopharmaceutical Strategy,” 20.
269. Susan Sandler, “Biopharma ‘Revolution’ Comes to Boston,” International Society for Pharmaceutical
Engineering, July 2, 2019, https://ispe.org/pharmaceutical-engineering/ispeak/biopharma-revolutioncomes-boston.
270. European Commission, “Innovation Union,” https://ec.europa.eu/info/research-andinnovation/strategy/goals-research-and-innovation-policy/innovation-union_en.
271. European Commission, “Can innovation help solve societal challenges?” June 25, 2020,
https://ec.europa.eu/jrc/en/science-update/can-innovation-help-solve-societal-challenges.
272. Erik Stokstad, “U.K. scientists prepare for impending break with European Union,” Science, March
13, 2017,
273. Alison Abbot, “How European scientists will spend €100 billion,” Nature, May 22, 2019,
https://www.nature.com/articles/d41586-019-01566-z.
274. David Matthews, “What is on the horizon for European research funding?” TimesHigherEducation,
November 28, 2019, https://www.timeshighereducation.com/features/what-horizon-europeanresearch-funding#.
275. European Commission, “Factsheet: Horizon 2020 budget,”
https://ec.europa.eu/programmes/horizon2020/sites/horizon2020/files/Factsheet_budget_H2020_0.
pdf.
276. Franck Le Deu and Jorge Santos da Silva, “Biotech in Europe: A strong foundation for growth and
innovation,” McKinsey & Company, August 23, 2019,
https://www.mckinsey.com/industries/pharmaceuticals-and-medical-products/our-insights/biotech-ineurope-a-strong-foundation-for-growth-and-innovation#.
277. National Science Foundation, “Science and Engineering Indicators: 2018,” Appendix table 6-17
(accessed February 13, 2018),
https://www.nsf.gov/statistics/2018/nsb20181/assets/1235/tables/at06-17.xlsx.
278. EFPIA, “The Pharmaceutical Industry in Figures, Key Data 2017,” 8.
279. National Science Foundation, “Science and Engineering Indicators: 2018,” accessed February 13,
2018, table 6-36, https://www.nsf.gov/statistics/2018/nsb20181/assets/1235/tables/at06-36.xlsx.
280. Tobias Helmstorf, “Rising Concerns For Pharmaceutical Innovation in Japan,” Bayer Health Policy
Insights, January 29, 2019, https://pharma.bayer.com/rising-concerns-pharmaceutical-innovationjapan.
281. The Government of Japan, “Why the Pharmaceutical Industry is Booming in Japan,” Harvard
Business Review, March 12, 2018, https://hbr.org/sponsored/2018/03/why-the-pharmaceuticalindustry-is-booming-in-japan.
282. Healthcare 2035 Advisory Panel, “The Japan Vision: Health Care 2035 Executive Summary”
(Healthcare 2035 Advisory Panel, June 2015),

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 87

https://www.mhlw.go.jp/seisakunitsuite/bunya/hokabunya/shakaihoshou/hokeniryou2035/assets/file/h
ealthcare2035_proposal_150703_summary_en.pdf.
283. Ryo Kubota, “Aspiration over action in Japan's approach to health innovation,” Japan Times,
November 6, 2018, https://www.japantimes.co.jp/opinion/2018/11/06/commentary/japancommentary/aspiration-action-japans-approach-health-innovation.
284. Guy Martin, “Japan looks to open doors to healthcare innovation,” The Pharma Letter, February 23,
2019, https://www.thepharmaletter.com/article/japan-looks-to-open-doors-to-healthcare-innovation.
285. Korea Ministry of Health and Welfare, “Bio-health Industry to Achieve People-centered Innovative
Growth,” May 22, 2019,
http://www.mohw.go.kr/eng/nw/nw0101vw.jsp?PAR_MENU_ID=1007&MENU_ID=100701&page=1
&CONT_SEQ=349515.
286. Edward White, “S Korea boosts biotech funding as economy slows,” The Financial Times, May 21,
2019, https://www.ft.com/content/a51d4568-7c37-11e9-81d2-f785092ab560.
287. BioSpace, “Singapore's Biopolis: a Success Story,” October 16, 2013,
https://www.biospace.com/article/releases/singapore-s-b-biopolis-b-a-success-story-/.
288. Will Greene, “Biomedical Innovation Gaining Ground in Singapore,” Techonomy, September 20,
2018, https://techonomy.com/2018/09/biomedical-innovation-gaining-ground-singapore/.
289. Robert D. Atkinson et al., “Leadership in Decline: Assessing U.S. International Competitiveness in
Biomedical Research” (ITIF and United for Medical Research, May 2020),
http://www2.itif.org/2012-leadership-in-decline.pdf?_ga=2.87830043.2067654840.15928329772057554026.1588255267.
290. Linette Lai, “Biotech expected to be key driver of future economy,” The Straits Times, July 7, 2018,
https://www.straitstimes.com/singapore/biotech-expected-to-be-key-driver-of-future-economy.
291. Pugatch Consilium, “Ascending to the Peak of Biopharmaceutical Innovation,” 67.
292. Staffan Folin and Malin Andree, “Nordic Life Sciences sector study 2014” (Ernst & Young, 2014),
https://www.ey.com/Publication/vwLUAssets/EY-nordic-life-sciences-sector-study-2014/$FILE/EYnordic-life-sciences-sector-study-2014.pdf.
293. Ibid.
294. Swedish Private Equity & Venture Capital Association, “Economic Footprint of Swedish Venture
Capital” (Copenhagen Economics, May 2019),
https://www.copenhageneconomics.com/dyn/resources/Publication/publicationPDF/4/494/15580098
49/economic-footprint-of-swedish-venture-capital-may-2019.pdf.
295. Malin Otmani, “Swedish life science industry on an upswing,” Nordic Life Science News, June 13,
2018, https://nordiclifescience.org/swedish-life-science-on-an-upswing/.
296. Ibid.
297. Pharma Boardroom, “Sweden Pharma Market Snapshot 2019,” PharmaBoardoom, June 26, 2020,
https://pharmaboardroom.com/facts/sweden-pharma-market-snapshot-2019/.
298. Christine Bloor et al., Strategy for UK Life Sciences (UK Department for Business, Innovation and
Skills, 2011), http://www.bis.gov.uk/assets/biscore/innovation/docs/s/11-1429-strategy-for-uk-lifesciences.
299. UK Prime Minister’s Office, “UK Life Sciences Get Government Cash Boost,” news release,
December 5, 2011, http://www.number10.gov.uk/news/uk-life-sciences-get-government-cash-boost/.
300. Fusion Antibodies, “The Strategy for UK Life Sciences: The Result So Far,” Fusion Antibodies,
December 15, 2016, https://www.fusionantibodies.com/news/the-strategy-for-uk-life-sciences-theresult-so-far/.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 88

301. Angela McFarlane, “Medicines access policies in 2020,” Pharmafield, February 3, 2020,
https://pharmafield.co.uk/in_depth/medicines-access-policies-in-2020/.
302. Ibid.
303. Dana Goldman and Darius Lakdawalla, “The Global Burden of Medical Innovation” (Leonard
Schaeffer Center for Health Policy and Economics, University of Southern California, January 2018),
2,
http://healthpolicy.usc.edu/documents/01.2018_Global%20Burden%20of%20Medical%20Innovati
on.pdf.
304. Ibid.
305. Organization for Economic Development and Cooperation, Key Characteristics of the Pharmaceutical
Sector in OECD Economies (OECD, September 2008), 189, http://www.oecd-ilibrary.org/socialissues-migration-health/pharmaceutical-pricing-policies-in-a-global-market/key-characteristics-of-thepharmaceutical-sector-in-oecd-economies_9789264044159-2-en.
306. Rutger Daems, Edith Maes, and Shyama V. Ramani, “Global Framework for Differential Pricing of
Pharmaceuticals” (United Nations University—Masstricht Economic and Social Research Institute
on Innovation and Technology (MERIT), Working Paper 54, 2011),
https://ideas.repec.org/p/unm/unumer/2011054.html#biblio.
307. Stephen Ezell and John Wu, “How National Policies Impact Global Biopharma Innovation: A
Worldwide Ranking” (ITIF, April 2016), https://itif.org/publications/2016/04/07/how-nationalpolicies-impact-global-biopharma-innovation-worldwide-ranking.
308. Taylor Schwartz et al., “The Impact of Lifting Government Price Controls on Global Pharmaceutical
Innovation and Population Health” (Precision Health Economics, 2018),
https://www.valueinhealthjournal.com/article/S1098-3015(18)311100/fulltext?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS109830
1518311100%3Fshowall%3Dtrue.
309. Goldman and Lakdawalla, “The Global Burden of Biomedical Innovation,” 3.
310. Ezell, “Faulty Prescription,” 7.
311. Vindu Goel, “As Coronavirus Disrupts Factories, India Curbs Exports of Key Drugs,” The New York
Times, March 6, 2020, https://www.nytimes.com/2020/03/03/business/coronavirus-india-drugs.html
312. Keith Bradsher and Ana Thompson, “The U.S. Needs China’s Masks, as Acrimony Grows,” The New
York Times, March 23, 2020, https://www.nytimes.com/2020/03/23/business/coronavirus-chinamasks.html.
313. Kate O’Keeffe, Liza Lin, and Eva Xiao, “China’s Export Restrictions Strand Medical Goods U.S.
Needs to Fight Coronavirus, State Department Says,” The Wall Street Journal, April 16, 2020,
https://www.wsj.com/articles/chinas-export-restrictions-strand-medical-goods-u-s-needs-to-fightcoronavirus-state-department-says-11587031203.
314. World Trade Organization, “Export Prohibitions and Restrictions” (April 23, 2020),
https://www.wto.org/english/tratop_e/covid19_e/export_prohibitions_report_e.pdf.
315. Federal Register, “Prioritization and Allocation of Certain Scarce or Threatened Health and Medical
Resources for Domestic Use,” April 10, 2020,
https://www.federalregister.gov/documents/2020/04/10/2020-07659/prioritization-and-allocation-ofcertain-scarce-or-threatened-health-and-medical-resources-for.
316. Author’s analysis.
317. New, “The Promise of Data-Driven Drug Development.”
318. Nigel Cory, “Viruses Cross Borders. To Fight Them, Countries Must Let Medical Data Flow, Too,”
Innovation Files blog post, May 7, 2020, https://itif.org/publications/2020/05/07/viruses-crossborders-fight-them-countries-must-let-medical-data-flow-too.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 89

319. Cory and Stevens, “Building a Global Framework for Digital Health Services in the Era of COVID19.”
320. “Interpretation on Population Health Information Management Measures (Trial Implementation),”
National Health and Family Planning Commission of the PRC, last updated June 15, 2014,
http://en.nhc.gov.cn/2014-06/15/c_46801.htm; Nigel Cory, “The Worst Innovation Mercantilist
Policies of 2016” (ITIF, January 2017), http://www2.itif.org/2017-worst-innovation-mercantilistpolicies.pdf; Regulation on the Credit Reporting Industry, State Council 228th session, China (2013),
http://www.pbccrc.org.cn/crc/jgyhfw/201309/1ca0f775b50744cabaf83538288d77a9/files/e8a8bf08
0ed64f48914a652da1d8fdc3.pdf.
321. National House Ordinance of the People’s Republic of China No. 717, (2019),
http://www.gov.cn/zhengce/content/2019-06/10/content_5398829.htm; David Cyranoski, “China’s
crackdown on genetics breaches could deter data sharing,” Nature, November 2018,
https://www.nature.com/articles/d41586-018-07222-2.
322. “As China fast-tracks biosecurity law, some experts urge whistleblower protection,” Reuters, May 22,
2020, https://www.reuters.com/article/us-china-parliament-biosecurity/as-china-fast-tracksbiosecurity-law-some-experts-urge-whistleblower-protection-idUSKBN22Y1OH.
323. Personally Controlled Electronic Health Records Act 2012, no. 63, Australia (2012),
https://www.legislation.gov.au/Details/C2012A00063.
324. Anupam Chander and Uyen P. Le, “Data Nationalism,” Emory Law Journal Vol. 64, No. 3 (2015),
https://ssrn.com/abstract=2577947.
325. Reserve Bank of India, “Frequently Asked Questions,” RBI website,
https://m.rbi.org.in/Scripts/FAQView.aspx?Id=130; Surabhi Agarwal, “Govt looks to keep tabs on tech
giants with data centres in India,” The Economic Times, April 14, 2018,
https://economictimes.indiatimes.com/news/economy/policy/govt-looks-to-keep-tabs-on-tech-giantswith-data-centres-in-india/articleshow/63756058.cms.
326. “Russia’s Personal Data Localization Law Goes Into Effect,” Duane Morris, October 16, 2015,
http://www.duanemorris.com/alerts/russia_personal_data_localization_law_goes_into_effect_1015.ht
ml?utm_source=Mondaq&utm_medium=syndication&utm_campaign=View-Original.
327. Hannah Kim, So Yoon Kim, and Yann Joly, “South Korea: in the midst of a privacy reform centered
on data sharing,” PMC, August 18, 2018,
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6132641/; Ozan Karaduman, “The New Personal
Data Protection Law 2019 in Turkey,” Guen + Partners, February 14, 2019, https://gun.av.tr/thenew-personal-data-protection-law-2019-in-turkey/.
328. The Information Technology and Innovation Foundation and Geneva Network “Innovate4Health,”
https://medium.com/innovate4health; The Information Technology and Innovation Foundation and
the Center for the Protection of Intellectual Property (CPIP), “Innovate4Health: How Innovators Are
Solving Global Health Challenges” (ITIF and CPIP, April 2018), http://www2.itif.org/2018-innovate4-health-case-studies.pdf.
329. Keith E. Maskus, Private Rights and Public Problems: The Global Economics of Intellectual Property
in the 21st Century (Washington, D.C.: Peterson Institute for International Economics, 2012): 239.
330. Michelle Wein, “Let’s Clear a Few Things Up: On the Subject of Compulsory Licensing in TRIPS,”
The Innovation Files, June 27, 2013, https://www.innovationfiles.org/lets-clear-a-few-things-up-onthe-subject-of-compulsory-licensing-in-trips/.
331. Jay Taylor, “Compulsory licensing: A misused and abused international trade law,” The Catalyst, May
16, 2017, https://catalyst.phrma.org/compulsory-licensing-a-misused-and-abused-internationaltrade-law.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 90

332. Adam Houldsworth, “The key covid-19 compulsory licensing developments so far,” Law Business
Research, April 7, 2020, https://www.iam-media.com/coronavirus/the-key-covid-19-compulsorylicensing-developments-so-far.
333. Stephen J. Ezell, “Spread of Compulsory Licenses Threatens to Undermine Latin America’s
Innovation Ecosystem,” The Innovation Files, August 24, 2018,
https://itif.org/publications/2018/08/24/spread-compulsory-licenses-threatens-undermine-latinamericas-innovation.
334. Houldsworth, “The key covid-19 compulsory licensing developments so far.”
335. Republic of Colombia, “DECRETO 476 DEL 25 DE MARZO DE 2020,” March 25, 2020,
https://dapre.presidencia.gov.co/normativa/normativa/DECRETO%20476%20DEL%2025%20DE%2
0MARZO%20DE%202020.pdf
336. Iain M. Cockburn, Jean O. Lanjouw, and Mark Schankerman, “Patents and the Global Diffusion of
New Drugs,” NBER Working Paper No. 20492 (September 2014),
https://www.nber.org/papers/w20492.pdf.
337. Reed F. Beall, Randall Kuhn, and Amir Attaran, “Compulsory Licensing Often Did Not Produce
Lower Prices For Antiretrovirals Compared To International Procurement,” Health Affairs Vol. 34, No.
3 (March 2015), https://www.healthaffairs.org/doi/full/10.1377/hlthaff.2014.0658.
338. United States Trade Representative’s Office, 2020 Special 301 Report (April 2020),
https://ustr.gov/sites/default/files/2020_Special_301_Report.pdf.
339. Jai Krishna and Jeanne Whalen, “Novartis Loses Glivec Patent Battle in India,” Wall Street Journal,
April 1, 2013,
http://online.wsj.com/news/articles/SB10001424127887323296504578395672582230106;
Jeanne Whalen and Kenan Machado, “India Deals Blow to Drug Makers,” Wall Street Journal,
August 4, 2013,
http://online.wsj.com/news/articles/SB10001424127887324635904578644100746473088.
340. Stephen Ezell and Robert D. Atkinson, “The Indian Economy at a Crossroads” (ITIF, April 2014),
26, http://www2.itif.org/2014-indian-economy-at-crossroads.pdf.
341. Trade, Investment, and Industrial Policies in India: Effects on the U.S. Economy: Hearing No. 332543 Before the United States International Trade Commission (2014) (written testimony of Rod
Hunter, PhRMA).
342. Ibid.
343. Michael Swanick, “Pharma And Life Sciences Confront The Evolving Role Of The Consumer And
Intensifying Competition,” Life Science Leader, July 31, 2014,
https://www.lifescienceleader.com/doc/pharma-and-life-sciences-confront-the-evolving-role-of-theconsumer-and-intensifying-competition-0001.
344. The Commission on the Theft of American Intellectual Property, “The Theft of Up to $600 Billion of
American IP Annually Calls for a Decisive Response, Says IP Commission,” news release, March 8,
2018, http://www.ipcommission.org/press/IPC_press_release_030818.pdf.
345. Federal Bureau of Investigation Director Christopher Wray, Statement on “Special Report With Brett
Baier,” June 24, 2020.
346. Eric Rosenbaum, “1 in 5 corporations say China has stolen their IP within the last year: CNBC CFO
survey,” CNBC, March 1, 2019, https://www.cnbc.com/2019/02/28/1-in-5-companies-say-chinastole-their-ip-within-the-last-year-cnbc.html.
347. Office of the United States Trade Representative Executive Office of the President, Update

Concerning China’s Acts, Policies, and Practices Related to Technology Transfer, Intellectual
Property, and Innovation, (November 2018), 11,

https://ustr.gov/sites/default/files/enforcement/301Investigations/301%20Report%20Update.pdf.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 91

348. Zack Whittaker, “Justice Department Accuses Chinese Spies of Hacking Into Dozens of US Tech and
Industry Giants,” TechCrunch, January 2019, https://techcrunch.com/2018/12/20/us-indictmenttech-hacks-chinese/; Derek Lowe, “Chinese Pharma Espionage?” Science Translational Medicine,
December 15, 2011,
https://blogs.sciencemag.org/pipeline/archives/2011/12/15/chinese_pharma_espionage.
349. Justin K. Beyer, “Two Former Eli Lilly Scientists Accused of Stealing $55 Million in Trade Secrets
on Behalf of Chinese Pharmaceutical Company In Southern District of Indiana Indictment,” Seyfarth
Shaw, October 28, 2013, https://www.tradesecretslaw.com/2013/10/articles/trade-secrets/twoformer-eli-lilly-scientists-accused-of-stealing-55-million-in-trade-secrets-on-behalf-of-chinesepharmaceutical-company-in-southern-district-of-indiana-indictment/.
350. Jeremy Roebuck, “Chinese American scientist admits plot to steal GlaxoSmithKline’s secrets for firm
in China,” The Philadelphia Inquirer, August 31, 2018,
http://www.philly.com/philly/news/pennsylvania/philadelphia/chinese-american-scientist-admits-plotto-steal-glaxosmithklines-trade-secrets-for-firm-in-china-20180831.html.
351. “Scientists Depart MD Anderson and Emory Over Undisclosed Ties to China,” ASH Clinical News,
May 2, 2019, https://www.ashclinicalnews.org/news/citing-theft-research-china-md-andersondismisses-three-scientists/.
352. Mark Kazmierczak et al., “China’s Biotechnology Development: The Role of US and Other Foreign
Engagement” (Gryphon Scientific and Rhodium Group, February 2019), 71,
https://www.uscc.gov/sites/default/files/Research/US-China%20Biotech%20Report.pdf.
353. Lawrence Tabak and Roy Wilson, “Foreign Influences on Research Integrity” (presented at the
117th meeting of the advisory committee to the director, NIH, December 13, 2005),
https://acd.od.nih.gov/documents/presentations/12132018ForeignInfluences.pdf.
354. U.S.-China Economic and Security Review Commission, 2019 Report to Congress (U.S.-China
Economic and Security Review Commission, November 2019), 253, https://www.uscc.gov/annualreport/2019-annual-report.
355. Office of the State Council, National Policy on Health Industry, March 4, 2016,
https://howtobehealthyforme.wordpress.com/2018/09/27/national-policy-on-health-industry/.
356. Chris Lo, “Is China the Next Great Hope For the Pharma Industry?” Pharma Technology Focus,
https://pharma.nridigital.com/pharma_dec18/is_china_the_next_great_hope_for_the_pharma_industry.
357. United States Trade Representative, “2020 National Trade Estimate on Foreign Trade Barriers”
(USTR, 2020), https://ustr.gov/sites/default/files/2020_National_Trade_Estimate_Report.pdf.

INFORMATION TECHNOLOGY & INNOVATION FOUNDATION | JULY 2020

PAGE 92

