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EXECUTIVE SUMMARY

Biotechnology is no longer just a driver of health innovation; it is a strategic asset at the
core of U.S. national security and economic power. Within this landscape, the biopharmaceutical
industry anchors America’s innovation ecosystem, producing lifesaving therapies, enabling crisis
response, and sustaining high-value employment. At the center of this success lies public
investment, particularly through the National Institutes of Health (NIH), which funds the
foundational research that catalyzes scientific discovery, enabling the private sector to develop
the transformative biopharmaceuticals that save lives.

The NIH has been an innovation engine for the U.S. economy in profound and
measurable ways. Between 2010 and 2019, 99.4% of FDA-approved drugs stemmed from NIH-
funded science.! In FY2024 alone, NIH investments supported over 407,000 jobs and generated
$95 billion in economic activity, with every $1 yielding an estimated $2.56 in return.? Over the
past decade, NIH funding catalyzed more than $787 billion in new economic activity and
consistently supported over 370,000 jobs per year.? These investments are the bedrock of the
innovation pipeline and critical to U.S. global competitiveness.

Yet this system is under serious threat. The FY2026 presidential budget proposes an $18
billion cut to NIH, alongside a new 15% cap on indirect research costs that jeopardizes the
financial viability of institutions conducting federally funded science.* Meanwhile, China is
executing a long-term strategy to dominate the biopharmaceutical sector. With a projected $3.3
trillion domestic bioeconomy in 2025, China combines direct state investment, supply chain
control, and aggressive data acquisition to outpace U.S. innovation and constrain American
strategic autonomy.’ Beijing’s control over key inputs, from active pharmaceutical ingredients to
preclinical testing materials, underscores its ability to weaponize global supply chains and
control the biopharmaceutical industry.

The 2025 National Security Commission on Emerging Biotechnology report warns that
biotechnology is not merely a commercial opportunity but a strategic domain.® The Commission
urges the U.S. to treat biotechnology as a national security imperative, advocating for major
federal investments that bridge foundational research to commercialization.” Private capital

! Perelman School of Medicine at the University of Pennsylvania, “White Sheet on the Importance of NIH Funding
for Biomedical Research,” University of Pennsylvania, accessed May 7, 2025,
https://www.med.upenn.edu/evdresearch/importance-of-nih-funding.pdf.

2 “NIH’S Role in Sustaining the U.S. Economy,” 2025, 1, https://www.unitedformedicalresearch.org/wp-
content/uploads/2025/03/UMR_NIH-Role-in-Sustaining-US-Economy-FY2024-2025-Update.pdf.

3 “NIH’S Role in Sustaining the U.S. Economy,” 5.

4 Ahmed Aboulenein, “Trump Budget Proposes Drastic Cuts for US Scientific Research,” Reuters, May 2, 2025,
https://www.reuters.com/business/healthcare-pharmaceuticals/trump-budget-proposes-drastic-cuts-us-scientific-
research-2025-05-02/.

5 Office of the Director of National Intelligence, “2025 Annual Threat Assessment of the U.S. Intelligence
Community,” Senate.Gov, 2025, 13,
https://www.intelligence.senate.gov/sites/default/files/2025%20Annual%20Threat%20Assessment%200f%20the%2
0U.S.%20Intelligence%20Community.pdf.

6 “Charting the Future of Biotechnology: An Action Plan for American Security and Prosperity” (National Security
Commission on Emerging Biotechnology, April 2025), 49, https://www.biotech.senate.gov/wp-
content/uploads/2025/04/NSCEB-Full-Report-—Digital-—4.22.pdf.

7 “NSCEB April 2025 Final Report,” April 2025, 19, 139.
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alone, it concludes, is insufficient to secure leadership in a sector increasingly defined by
geopolitical competition.®

This paper applies Porter’s Diamond and the Triple Helix innovation model to show how
public funding strengthens all dimensions of the biopharmaceutical ecosystem. It highlights how
declining investment weakens U.S. readiness, erodes global influence, and risks replicating the
downward trajectory seen in once-promising biotechnology sectors abroad, such as in Argentina.

The path forward is clear: to sustain its leadership, the U.S. must increase public
investment in the biopharmaceutical sector, modernize its regulatory environment, and actively
bridge the "valley of death" between lab discovery and commercial deployment. These are not
just economic decisions; they are strategic ones. Federal funding must be understood and treated
as strategic capital, essential to safeguarding America's health, security, and global standing.

8 “NSCEB April 2025 Final Report,” April 2025, 62.



I) INTRODUCTION: BIOPHARMACEUTICAL INNOVATION - MAINTAINING
ADVANTAGE IN AN ERA OF GLOBAL COMPETITION

A Precarious Future for U.S. Biopharmaceutical Leadership

By 2040, China could surpass the United States (U.S.) in innovation within the global
biopharmaceutical industry, setting the terms of access to life-saving therapeutics while the U.S.
scrambles to catch up. This future is being built today through sustained Chinese state
investment and industrial policy, including the 14th Five-Year Plan, which directs 10% average
annual growth rate in biomedicine and related industries.” Meanwhile, U.S. domestic firms face
stagnant public funding, fragmented regulation, and dependence on foreign-controlled
manufacturing. Should another pandemic arise, China’s dominance in biomanufacturing could
allow it to serve its allies first, while Americans would be forced to wait for essential vaccines
and therapeutics. The cost of inaction is strategic vulnerability: if the U.S. fails to invest
decisively, it risks ceding not only the biopharmaceutical market share but also its capacity to
protect its people and project global influence.

This paper argues that government funding for basic research is the cornerstone of the
U.S. biopharmaceutical sector, forming the essential foundation for sustained innovation and
scientific discovery. To maintain momentum in biopharmaceutical innovation, especially amid
rapid technological advances and intensifying competition from China, the U.S. government
must adopt a more active role in supporting basic research and bridging the critical gap between
early-stage research and commercial development.

Grounded in economic and policy research, this paper examines the biopharmaceutical
sector’s role in advancing U.S. national security, economic strength, and technological
leadership. The biopharmaceutical sector is not a luxury, it is a foundational capability that
enables the U.S. to detect, respond to, and recover from biological threats faster and more
effectively than any strategic competitor.!? Its applications span crisis response, force protection,
and industrial mobilization, making it a foundation of U.S. readiness. The paper first outlines the
sector’s strategic importance, then shows why private capital alone cannot sustain breakthrough
innovation, especially in high-risk, low-return areas like pandemic preparedness and infectious
disease therapeutics. A comparison with China illustrates how state-led industrial policy
threatens to overtake the U.S. in biopharmaceutical innovation. The paper also explores the role
of key stakeholders, including government, academia, and industry, within the U.S. innovation
ecosystem and applies frameworks such as Porter’s Diamond and the Triple Helix model to
assess systemic strengths and vulnerabilities. It concludes with a set of actionable policy
recommendations aimed at strengthening public-sector investment, improving regulatory agility,
and reinforcing the U.S. biopharmaceutical sector as a pillar of strategic resilience.

® Xu Zhang et al., “The Roadmap of Bioeconomy in China.,” Engineering Biology 6, no. 4 (December 2022): 76-77,
https://doi.org/10.1049/enb2.12026.

10 Sandra Barbosu, “Not Again: Why the United States Can’t Afford to Lose Its Biopharma Industry” (Information
Technology and Innovation Foundation, February 2024), https://itif.org/publications/2024/02/29/not-again-why-
united-states-cant-afford-to-lose-biopharma-industry/.



II) CURRENT INDUSTRY STATUS, KEY ISSUES, AND FORECASTS

“The U.S. biopharmaceutical sector is a cornerstone of our economy and national security,

supporting millions of jobs and driving innovation that benefits the world.”
- Dr. Michelle McMurry-Heath, President & CEO, Biotechnology Innovation Organization (BIO)
July 27, 2021, testimony before the United States Senate Committee on Finance

The Strategic Imperative for U.S. Biopharmaceutical Industry

Biopharmaceuticals—therapies derived from or produced using living organisms, such as
vaccines, monoclonal antibodies, and gene and cell therapies—are a critical subset of
biotechnology that deliver broad public health and economic benefits.!!!? The U.S.
biopharmaceutical market is valued at approximately $220 billion in 2024 and projects its
growth to $342 billion by 2030, reflecting a compound annual growth rate (CAGR) of 7.9%
(Figure 1).13 In 2022, the sector directly employed over one million workers and supported more
than 4.9 million total jobs across the economy, driven by its employment multiplier of 4.69
(Table 1).'"* This means that for every direct job in the biopharmaceutical sector, nearly four
additional jobs are supported in other parts of the economy through supplier purchases (indirect
effects) and employee household spending (induced effects). The biopharmaceutical industry
also contributed more than $880 billion in value added (Table 1)—equivalent to 3.4% of U.S.
GDP (Figure 2)—and maintained exceptional labor productivity, generating over $402,000 per
worker, more than triple the national average (Figure 3).!> These benefits stem from the sector’s
central role in improving health outcomes. A healthier population is more productive, more
resilient in crises, and better able to contribute to economic recovery. While the
biopharmaceutical sector does not drive the entire U.S. economy, it is an innovation engine that
strengthens the foundations of public health, economic vitality, and national preparedness.

1 “Toolkit for Patient-Focused Therapy Development, Biopharmaceutical Industry,” National Center for Advancing
Translational Sciences, May 6, 2025, https://toolkit-ncats-nih-
gov.nduezproxy.idm.oclc.org/glossary/biopharmaceutical-industry.

12 Takuo Ogihara, Kenta Mizoi, and Akiko Ishii-Watabe, “Pharmacokinetics of Biopharmaceuticals: Their Critical
Role in Molecular Design,” Biomedicines 11, no. 5 (May 16, 2023): 1,
https://doi.org/10.3390/biomedicines11051456.

13 Horizon Grand View Research, “China Biopharmaceutical Market Size & Outlook, 2030,” accessed May 12,
2025, https://www.grandviewresearch.com/horizon/outlook/biopharmaceutical-market/china.

4 TEConomy Partners, LLC, “The Economic Impact of the U.S. Biopharmaceutical Industry: 2022 National and
State Estimates,” May 2024, 1-2, https://cdn.aglty.io/phrma/policy-issues/research-ecosystem/economy/The-Econ-
Impact-of-US-Biopharma-Industry-2024-Report.pdf.

15 TEConomy Partners, LLC, “The Economic Impact of the U.S. Biopharmaceutical Industry: 2022 National and
State Estimates,” 2.
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FIGURE 1: U.S. BIOPHARMACEUTICAL MARKET VALUATION, 2018-2030 ($ IN MILLIONS)!¢

TABLE 1: ECONOMIC IMPACTS OF THE U.S. BIOPHARMACEUTICAL INDUSTRY, 2022 ($ IN BILLIONS)!?

State/Local Federal

Impact Type Employment Value Added Personal Tax | Personal Tax
Revenue Revenue
Direct Effect 1,049,839 $165.57 $42252 $802.28 $5.04 $34.01
Indirect Effect 1,670,395 $122.48 $204.60 $395.68 $3.43 $25.91
Induced Effect 2,206,263 $139.74 $256.98 $455.08 $3.92 $29.58
Total Impacts 4,926,497 $427.80 $884.09 $1,653.03 $12.40 $89.50

Multiplier 4.69 2.58 2.09 2.06

16 Horizon Grand View Research, “The United States Biopharmaceutical Market Size & Outlook, 2030,” 2025,
https://www.grandviewresearch.com/horizon/outlook/biopharmaceutical-market/united-states.

17 TEConomy Partners, LLC, “The Economic Impact of the U.S. Biopharmaceutical Industry: 2022 National and
State Estimates,” 20.
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Source: TEConomy data, calculations and analysis; IMPLAN U.S. model.

FIGURE 2: BIOPHARMACEUTICAL INDUSTRY’S CONTRIBUTIONS TO THE U.S. ECONOMY!

U.S. Biopharmaceutical Industry

All U.S. Manufacturing Industries $188,273

All U.S. Private Sector Industries

All U.S. Industries (Public & Private) $123,888

Source: TEConomy estimations of 2022 Industry Employment and Value Added using IMPLAN models.

FIGURE 3: COMPARATIVE AVERAGE LABOR PRODUCTIVITY, 2022

18 TEConomy Partners, LLC, “The Economic Impact of the U.S. Biopharmaceutical Industry: 2022 National and

State Estimates,” 2.
YTEConomy Partners, LLC, “The Economic Impact of the U.S. Biopharmaceutical Industry: 2022 National and

State Estimates,” 10.
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The Costs of Maintaining Leadership in Biopharmaceutical Innovation

While this industry yields significant strength, health, and economic dividends, it also
imposes disproportionate financial burdens. A key challenge is the global imbalance in cost-
sharing for biopharmaceutical innovation: the U.S. has invested heavily in basic research and
early-stage development, while other high-income nations negotiate lower prices and benefit
from American innovation without contributing equitably to its underlying cost structure.?’ This
dynamic reflects a classic free-rider phenomenon, not unlike what is observed in other domains
of public benefit.2!*> As a RAND report notes, the U.S. bears a disproportionate share of the
innovation and cost burden across economic and strategic domains.??

The net result remains beneficial to the U.S. when considering biopharmaceutical
innovation as generating substantial positive externalities: the social benefits of new therapies
often exceed what private firms can capture in profit, especially in areas like and pandemic
preparedness. This logic is explored further in the paper’s analysis of public and private funding
and the innovation “valley of death,” where early-stage discoveries frequently stall in the
absence of sustained public sector support.

Incentive structure also increases costs and inefficiencies in the biopharmaceutical
industry. Innovation targets are skewed by U.S. pharmaceutical pricing which is entangled in a
distorted system shaped by pharmacy benefit managers, who often profit more from higher list
prices than from delivering value to patients.?* An example result is biologic therapies, used to
treat cancer and autoimmune disorders, that average between $10,000 and $30,000 per patient
annually in the U.S.%> These high costs reflect both the scientific complexity and the economic
model that enable early-stage research and sustain biopharmaceutical development.

The Indispensable Role of the Biopharmaceutical Sector
Despite the substantial financial, logistical, and policy burdens associated with

maintaining momentum in biopharmaceutical innovation, the sector is indispensable to U.S.
national security, economic strength, and public health resilience. The following section outlines

20 .M. Danzon, “Pricing and Reimbursement of Biopharmaceuticals and Medical Devices in the USA” (Elsevier
Inc, 2014), 127-28, https://doi.org/10.1016/B978-0-12-375678-7.01209-8.

2l Benhamin Zycher, “Defense,” Econlib, accessed May 13, 2025,
https://www.econlib.org/library/Enc/Defense.html.

22 Doug Irving, “What NATO Countries and Other U.S. Allies Contribute to the Collective Defense” (RAND, July
5, 2024), https://www.rand.org/pubs/articles/2024/what-nato-countries-and-other-us-allies-contribute.html.

23 David A. Ochmanek et al., “America’s Security Deficit: Addressing the Imbalance Between Strategy and
Resources in a Turbulent World,” Research Report, Strategic Rethink, October 19, 2015, 7-8,
https://www.rand.org/pubs/research_reports/RR1223.html.

24 Klein, Hayden E. 2025. “FTC Report Highlights Prescription Drug Price Markups by PBMs.” The American
Journal of Managed Care, January 14, 2025. https://www.ajmc.com/view/ftc-report-highlights-prescription-drug-
price-markups-by-pbms.

25 Brian K. Chen, Y. Tony Yang, and Charles L. Bennett, “Why Biologics and Biosimilars Remain So Expensive:
Despite Two Wins for Biosimilars, the Supreme Court’s Recent Rulings Do Not Solve Fundamental Barriers to
Competition.,” Drugs 78, no. 17 (November 2018): 1777-81, https://doi.org/10.1007/s40265-018-1009-0.
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four foundational reasons why the biopharmaceutical sector remains essential to the nation’s
strategic advantage.

First, biopharmaceuticals are a core pillar of national biodefense. They enable rapid
detection, development, and deployment of countermeasures against both natural and
engineered biological threats. The COVID-19 pandemic and Operation Warp Speed
demonstrated the extraordinary potential of the U.S. biopharmaceutical industry to
mobilize under pressure, compressing vaccine development timelines from years to
months.?® Such responsiveness is only possible because of an advanced
biopharmaceutical ecosystem that integrates research, manufacturing, and regulatory
science.

Second, biopharmaceuticals function as a critical element of 21st century
mobilization. In the same way that industrial shipyards or semiconductor fabrication
plants are activated during wartime or strategic need, biopharmaceutical manufacturing
facilities and research and development (R&D) pipelines must be prepared to respond to
emergent biological crises.?’” The Department of Defense’s (DoD) 2025 National Defense
Industrial Strategy Implementation Plan identifies biomanufacturing infrastructure as

a core readiness capability, vital for managing crisis response, and reducing operational
risk.?® Without a resilient biopharmaceutical base, the U.S. risks being caught flat-footed
in the face of future pandemics or bioterrorism events.

Third, secure and reliable access to essential medicines is a matter of national
security. The U.S. relies heavily on China for the active pharmaceutical ingredients
(APIs) needed to produce essential medicines.?® This dependency poses a significant
vulnerability. Disruptions could occur from geopolitical tensions, trade disputes, or
intentional manipulation by the Chinese government, and lead to a domestic shortage of
essential medications. A resilient biopharmaceutical sector reduces these risks by
strengthening domestic production capacity, establishing redundant supply chains with
trusted partner countries, and minimizing reliance on potential adversaries.>

Fourth, biopharmaceuticals advance dual-use technologies critical to future
deterrence. Fields such as synthetic biology, personalized medicine, and Al-driven drug
discovery not only transform civilian health outcomes but also have military relevance in

26 Government Accountability Office, “OPERATION WARP SPEED: Accelerated COVID- 19 Vaccine
Development Status and Efforts to Address Manufacturing Challenges,” February 2021,
https://www.gao.gov/assets/gao-21-319.pdf.

27 “Emergency Preparedness and Response: Strategic National Stockpile,” Administration for Strateic Preparedness
& Response, accessed May 12, 2025, https://aspr.hhs.gov/SNS/Pages/Emergency-Preparedness-and-Response.aspx.
28 “The National Defense Industrial Strategy,” Government, Assistant Secretary of Defense for Industrail Base
Policy, accessed May 4, 2025, https://www.businessdefense.gov/NDIS.html.

29 U.S.- China Economic and Security Review Commission, ¢, Chapter 2, Section 4 - U.S. Supply Chain
Vulnerabilities and Resilience,” in 2022 Annual Report to Congress, Annual Report (Washington, D.C: U.S.- China
Economic and Security Review Commission, 2022), 291, https://www.uscc.gov/sites/default/files/2022-

11/Chapter 2 Section 4--U.S. Supply Chain_Vulnerabilities and Resilience.pdf.

30 Harry Krejsa, “Under Pressure: The Growing Reach of Chinese Influence Campaigns in Democratic Societies,”
Center for a New American Security, April 27, 2018, https://www.cnas.org/publications/reports/under-pressure.
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protecting service members from novel threats, ensuring force readiness, and enabling
faster recovery from injury or illness.?! The Defense Advanced Research Projects Agency
(DARPA) and the Biomedical Advanced Research and Development Authority
(BARDA) have long recognized this dual-use potential and actively invest in platforms
that straddle public health and biodefense domains.>?

The indispensable nature of the biopharmaceutical industry does not imply inevitability.
The sector’s capabilities must be maintained through deliberate investment, policy coordination,
and industrial strategy. A world-class biopharmaceutical sector cannot be summoned in crisis
when neglected in peacetime.

The 2025 National Security Commission on Emerging Biotechnology (NSCEB) report
underscores this urgency, recommending the establishment of a National Biotechnology
Coordination Office within the Executive Office of the President to unify federal biotechnology
efforts. Additionally, the Commission advocates for a minimum of $15 billion in federal
investment over five years to bolster the U.S. biotechnology sector, emphasizing the need for
streamlined regulations, and enhanced public-private partnerships to maintain global
leadership.*® This report offers a vital threshold, but this paper examines the funding imperative
more closely and proposes what it will truly take not just to preserve U.S. biopharmaceutical
strengths and momentum, but to secure and expand them in the years ahead.

Stakeholder Analysis: The Triple Helix Model

Biopharmaceutical innovation does not emerge from a single institution or funding
source; rather, it is the product of an integrated ecosystem of actors that spans the continuum
from generating foundational knowledge (research) to commercialization and deployment
(development). Understanding this research and development pipeline reveals how government,
academia, and industry (the “Triple Helix”) each play distinct, indispensable roles at every
stage.>* This model captures the collaborative dynamics that power the nation’s
biopharmaceutical engine: universities generate knowledge, government funds, facilitates, and
regulates, and industry commercializes.3>-3

The U.S. government plays a central role in the biopharmaceutical ecosystem as a
regulator, funder, and facilitator. Through the NIH, it serves as the primary funder of early-stage
research, supporting universities, hospitals, and laboratories that generate foundational scientific
discovery. It also ensures product safety and public trust through Food and Drug Administration

3! Committee on Strategies for Identifying and Addressing Potential Biodefense Vulnerabilities Posed by Synthetic
Biology et al., Biodefense in the Age of Synthetic Biology (Washington, D.C.: National Academies Press, 2018), 7,
https://doi.org/10.17226/24890.

32 Defense Advanced Research Projects Agency, “Pandemic Prevention Platform (P3),” Government, Programs,
n.d., https://www.darpa.mil/program/pandemic-prevention-platform.

33 “NSCEB April 2025 Final Report,” April 2025, 10.

34 Henry Etzkowitz and Chunyan Zhou, The Triple Helix: University—Industry—Government Innovation and
Entrepreneurship, 2nd ed. (Routledge, 2017), 3, https://doi.org/10.4324/9781315620183.

35 Etzkowitz and Zhou, The Triple Helix, 6.

36 TEConomy Partners, LLC, “The U.S. Bioscience Economy: Driving Economic Growth and Opportunity in States
and Regions” (The Council of State Bioscience Associations, 2024), https://bio.widen.net/s/hflmb92hwx/the-us-
bioscience-economy-driving-economic-growth-and-opportunities-in-states-and-regions.
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(FDA) regulatory oversight and fosters collaboration through public-private partnerships and
translational research programs.®’As a facilitator, the government helps coordinate collaboration
among academia, industry, and public institutions by supporting research consortia, public-
private partnerships, and translational research initiatives that accelerate the movement of
scientific discoveries into practical applications.*®

Universities function as engines of innovation, conducting world-class research, training
the next generation of scientists, and serving as hubs for academic-industry collaboration.
Industry study site visits, such as to the Massachusetts Institute of Technology’s Institute for
Medical Engineering and Science, revealed this dynamic in action, where academic researchers
collaborated directly with adjacent startups to accelerate translational breakthroughs.*

Industry, from startups to multinational firms, transforms discovery into deployment. It
bears the risk of commercialization, navigating regulatory pathways, scaling production, and
bringing therapies to market, while increasingly leveraging Al and digital tools to speed
innovation.*°

These world-class biopharmaceutical clusters, anchored by state and federal investment
and dense networks of universities, hospitals, investors, and firms, demonstrate the power of the
triple helix model in action.*! Observations in Boston/Cambridge and North Carolina’s Research
Triangle revealed how co-located innovation is rapidly translated into impact when public and
private actors are aligned.***’ But sustaining this momentum requires more than proximity; it
demands long-term coordination across all three sectors. Government and industry both have
vital stakes in the biopharmaceutical sector’s future, from setting research priorities in areas like
pandemic preparedness and biomanufacturing to forging public-private partnerships that deliver
strategic outcomes.* Universities have a vested interest in sustaining robust public funding to
maintain their status as premier research institutions, attracting top talent, and covering the full
costs of conducting cutting-edge science. Aligning these interests through smart policy is
essential, not only to meet national security needs, but also to ensure that solutions are viable and
investable for the private sector.’

37U.S. Food and Drug Administration, “What We Do,” Go, About FDA, November 21, 2023,
https://www.fda.gov/about-fda/what-we-do.

38 TEConomy Partners, LLC, “The U.S. Bioscience Economy: Driving Economic Growth and Opportunity in States
and Regions,” 25.

39 Site Visit to Boston, MA biotechnology cluster, In-Person, April 31, 2025.

40 Mahintaj Dara and Negar Azarpira, “Ethical Considerations Emerge from Artificial Intelligence (Al) in
Biotechnology,” Avicenna Journal of Medical Biotechnology, January 25, 2025,
https://doi.org/10.18502/ajmb.v17i1.17680.

4! Michael E. Porter, “The Competitive Advantage of Nations.,” Harvard Business Review 68, no. 2 (March 1,
1990): 73-93, https://research.ebsco.com/linkprocessor/plink?id=29f2892¢e-3d11-335b-be66-17e833247a2c.

42 Site visit to Research Triangle Park, North Carolina, In person, February 6, 2025.

43 Site Visit to Boston, MA biotechnology cluster.

4 “NSCEB April 2025 Final Report,” April 2025, 11.

45 Concept developed with and paraphrased from ChatGPT, OpenAl, March 18, 2025, https://chat.openai.com/chat.
Full prompt and response provided in Annex D.
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IIT) PORTER’S DIAMOND: U.S. GOVERNMENT FUNDING FUELS U.S.
BIOPHARMACEUTICAL COMPETITIVENESS

“Public funding for research has resulted in incalculable dividends. Science has transformed

our nation into the superpower that it is and made our lives much easier and productive.”
- Michael Pravica, Financial Times May 3, 2025.46

An analysis of the U.S. biopharmaceutical industry using Porter's Diamond Model of
national competitive advantage, introduced in Michael Porter's seminal 1990 work, The
Competitive Advantage of Nations, demonstrates that U.S. government funding is the most
critical element in determining the industry’s success.*’ Using four interdependent determinants,
factor conditions, demand conditions, related and supporting industries, and firm strategy,
structure, and rivalry, this model identifies factors that shape a nation's capacity to sustain
success in a given sector (Figure 4).

FIRM STRATEGY, STRUCTURE, AND RIVALRY

e  Encouraging Innovation and
Entrepreneurial Spirit

DEMAND CONDITIONS

Addressing Societal Health Needs :
e  Enabling the Development of
e  Attracting Additional Capital Innovative Therapies
;e Investing in Infrastructure : : e Facilitating Clinical Trials and :
Haebeaatbanheststabbot s bt obtba ks st ate ha st stusts behsbbaba shetasbustenasnt Developing Safe, Tested Medicines

FACTOR CONDITIONS

e  Cultivating a Skilled Workforce
and Knowledge Base

e  Supporting Biotech Startups and

Small Businesses

e Fostering Collaboration :

FIGURE 4: PORTER'S DIAMOND OF U.S. BIOPHARMACEUTICAL INDUSTRY

As Porter argues, a nation's competitive advantage does not stem from isolated strengths
but results from the systemic interaction among these conditions.*® In this context, government
funding for basic research serves as the central and indispensable connective tissue that
integrates and reinforces all four pillars of Porter's Diamond within the U.S. biopharmaceutical
industry.

46 Michael Pravica, “Letter: Political Interference Is Hurting the ‘Golden Goose,”” Financial Times, May 2, 2025,
https://www.ft.com/content/cdc0061f-d0ab-40e3-8734-90382603927a.

47 Porter, “The Competitive Advantage of Nations.,” March 1, 1990.

48 LPCentre, “The Diamond Model: Understanding Competitive Advantages and Economic Strategies,” LPCentre,
February 9, 2024, https://www .lpcentre.com/articles/the-diamond-model-understanding-competitive-advantage-in-
business.

15



To better understand the functioning of this dynamic ecosystem, the following sections
present a detailed analysis of each component, with particular emphasis on the central role of
government funding. This analysis is accompanied by Annex C, which provides metrics aligned

with each pillar of Porter’s Diamond. These indicators can serve as early warning signals to
identify when key determinants may be trending in an unfavorable direction.

Factor Conditions: Factor conditions refer to a nation’s basic and advanced resources that are

necessary for industry success, such as: labor, capital, and natural resources.*

Cultivating a Skilled Workforce and Knowledge Base: Government funding,
particularly through the NIH, plays a pivotal role in supporting universities and research
institutions, which are the primary training grounds for the next generation of scientists
and researchers.>® This direct investment in human capital development by the
government is a crucial factor condition that fuels the U.S. biopharmaceutical industry's
innovative capacity.

Attracting Additional Capital: Federal investments in basic research foster a more
attractive investment climate, thus drawing in more private investment and venture
capital (VC) into the sector. This public funding reduces the financial risks associated
with early-stage innovation, signaling stability and commitment that encourages private
firms and investors to channel their resources into biopharmaceutical research and
development. Research by Biotechnology analyst John Younger in 2021 shows that
regions with significant NIH-funded institutions consistently report VC activity and more
biotechnology startup formation (Figure 5).>! This data also reflects the power of the
triple helix structure, illustrated during Boston, MA and Raleigh, NC site visits and
reflected toward the upper right corner of Figure 5.

4 Investopedia, “Porter Diamond Model: What It Is and How It Works,” Investopedia, September 3, 2024,
https://www.investopedia.com/terms/p/porter-diamond.asp.

S0“NIH’S Role in Sustaining the U.S. Economy,” 5.

5! John G. Younger, “America’s Biggest Biotech Angel,” Bioeconomy.XYZ, July 23, 2021,
https://medium.com/bioeconomy-xyz/americas-biggest-biotech-angel-fdd991eafd0d.
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State-Level Relationship between NIH Small Business
Awards and All-Sector, All-Stage Venture Capital, 2020
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FIGURE 5: RELATIONSHIP BETWEEN NIH GRANTS AND THRIVING BIOTECH SECTORS®

Investing in Infrastructure: NIH grants funded the construction and maintenance of 25
state-of-the-art laboratories and research centers with innovative technologies for
structural biology and therapeutic development. They serve as hubs for innovation and
collaboration in the biopharmaceutical sector and accelerate scientific progress.®3>*

Demand Conditions: Demand conditions refer to the nature and size of the domestic demand
for an industry’s products or services, which influences how companies innovate and improve
their offerings to meet local market needs.>

Addressing Societal Health Needs: Government funding shapes demand conditions by
supporting critical research that addresses pressing public health needs, including cancer,
diabetes, and infectious diseases; and, by influencing market demand through large

public insurance programs like Medicare, Medicaid and Tricare, which collectively drive

52 Younger, “America’s Biggest Biotech Angel.”

33 NIAID, “NIAID Role in Research,” National Institute of Allergy and Infectious Diseases, accessed May 13, 2025,
https://www.niaid.nih.gov/research/role.

54 “NIH-Wide Strategic Plan: Fiscal Years 2021-2025,” July 2021, 18, https://www.nih.gov/sites/default/files/about-
nih/strategic-plan-fy2021-2025-508.pdf.

55 Investopedia, “Porter Diamond Model.”
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investment toward unmet health needs that might otherwise go unfunded by the private
sector.

Enabling the Development of Innovative Therapies: Government-funded basic
research often uncovers new drug targets and disease mechanisms, driving demand by
enabling therapies for previously untreatable conditions.’® For instance, extensive
research in cell biology and molecular genetics, largely supported by the NIH, has been
instrumental in the development of therapies targeting cancer and neurodegenerative
disorders.>’

Facilitating Clinical Trials and Developing Safe, Tested Medicines: By investing in
early-stage and translational research, the NIH helps identify promising drug candidates
that can progress into clinical trials, instilling confidence that these medicines are safe
and effective. NIH’s support for clinical research provides the necessary expertise to
conduct thorough clinical studies, ensuring that new therapies meet rigorous safety
standards before reaching patients. Government funding de-risks early discoveries,
generating credible, safety-proven data that builds trust among healthcare providers,
regulators, potential private investors, and the public.>

Related and Supporting Industries: Related and supporting industries refer to the network of
businesses and organizations that are interconnected and contribute to an industry's success.>

Supporting Biotech Startups and Small Businesses: In addition to fostering
collaboration across the triple helix as described in the stakeholder analysis, government
funding is a vital catalyst for biopharmaceutical startups and small businesses.®°
Programs like the NIH‘s and National Science Foundation’s (NSF) Small Business
Innovation Research and Small Business Technology Transfer grants provide crucial
early-stage funding for these entities, fostering the development of innovative
technologies and services.’! In 2023, the NSF allocated over $200 million specifically to
small businesses, with biotechnology being a leading sector receiving this support.? This
financial assistance enables startups to validate their concepts, conduct essential early-
stage research, and attract further private investment, thereby strengthening the overall
biopharmaceutical ecosystem.

56 Investopedia, “Porter Diamond Model.”

57 Synapse by Patsnap, “How Much of New Drug Research Is Funded by the Government Compared to Charities as
Well as Pharmaceutical Companies Themselves?,” March 20, 2025, https://synapse.patsnap.com/article/how-much-
of-new-drug-research-is-funded-by-the-government-compared-to-charities-as-well-as-pharmaceutical-companies-
themselves.

58 Synapse by Patsnap, “How Much of New Drug Research Is Funded by the Government Compared to Charities as
Well as Pharmaceutical Companies Themselves?”

%9 Investopedia, “Porter Diamond Model.”

60 Freshfields-Kristen Riemenschneider, “Is It Time for Big Biopharma Companies to Rethink the Use of Federal
Funding for R&D?,” Lexology, January 24, 2022, https://www.lexology.com/library/detail.aspx?g=eaaacdad-861e-
41c6-80b3-09a26ec62d3a.

61 Marley Brocker, “Biotechnology in the US Industry Report” (IBISWorld, March 2025), 36, https://my-ibisworld-
com.nduezproxy.idm.oclc.org/us/en/industry-specialized/od4022/at-a-glance.

62 Chilukuri and Kelley, “Biopower: Securing American Leadership in Biotechnology,” 23-24.
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Firm Strategy, Structure, and Rivalry: Firm strategy, structure, and rivalry refers to the ways
in which companies are organized, managed, and compete within a particular industry.%®

Encouraging Innovation and Entrepreneurial Spirit: NIH funding acts as a catalyst
for risk-taking and bold innovation within the U.S. biopharmaceutical sector. This fosters
a culture of entrepreneurial exploration, driving the development of breakthrough
therapies. The industry’s structure, characterized by a mix of major pharma and a vibrant
ecosystem of venture-backed biopharmaceutical startups, further amplifies this dynamic.
Real-time information collected during industry study site visits revealed that large
pharmaceutical companies rely on small biopharmaceutical firms for innovation.
Extensive research supports this claim, for example, in the field of oncology, small
biopharmaceutical firms were responsible for originating 46% of first-in-class cancer
drugs, compared to 14% by large pharmaceutical companies, and over 70% of new
molecular entities in recent years originated from smaller, entrepreneurial firms. 4

Government funding is not a supplement to market forces; it is the engine that drives the
entire ecosystem, reinforcing every pillar of Porter’s Diamond. Without it, the system could
begin to fracture and drain talent, foundational research will stall, and innovation will slow. As
global competitors rapidly scale their own state-backed biopharmaceutical sectors, the U.S.
cannot afford to assume its dominance in innovation will persist. These pillars of public support
have catalyzed groundbreaking innovations, including the development of CRISPR-based gene
therapies for rare genetic diseases like sickle cell anemia, which received FDA approval in 2023
and marked a turning point in precision medicine.®® Maintaining this strategic advantage requires
not only preserving a deep commitment to funding the biopharmaceutical ecosystem, but also
rethinking how public investment is structured, coordinated, and paired with private capital to
accelerate impact. The following sections examine both government and private funding
mechanisms to identify where policy reforms and strategic investments are most urgently
needed.

% Investopedia, “Porter Diamond Model.”

64 Kate H. Kennedy et al., “Small Biotechs versus Large Pharma: Who Drives First-in-Class Innovation in
Oncology?,” Drug Discovery Today 28, no. 2 (February 2023): 103456,
https://doi.org/10.1016/j.drudis.2022.103456.

85 Patricia Van Arnum, “New Drug Approvals in 2024: How Did The Industry Fare?,” DCAT Value Chain Insights,
January 30, 2025, https://www.dcatvci.org/features/new-drug-approvals-in-2024-how-did-the-industry-fare/.

% U.S. Food and Drug Administration, “FDA Approves First Gene Therapies to Treat Patients with Sickle Cell
Disease,” U.S. Food and Drug Administration, Press Announcements, December §, 2023,
https://www.fda.gov/news-events/press-announcements/fda-approves-first-gene-therapies-treat-patients-sickle-cell-
disease.
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IV) CORRECTING MARKET FAILURE: THE CASE FOR SUSTAINED
GOVERNMENT INVESTMENT

“The private sector alone often avoids high-risk, long-term investments in strategic technology

areas, especially when competing with heavily subsidized Chinese firms.”
- Senator Todd Young, Washington Post, March 2025%7

Although often used interchangeably, “research” and “development” represent distinct
phases within the innovation lifecycle. Basic research, the “R” in R&D, seeks to expand
fundamental scientific knowledge without immediate commercial intent. Development, the “D,”
applies these discoveries to create market-ready solutions. This distinction is critical: while
private capital typically supports development, foundational research depends heavily on public
funding, particularly from institutions like NIH. Without this early-stage investment, the
biopharmaceutical innovation pipeline would stall before it begins.

While private capital plays a significant role in advancing applied R&D and bringing
products to market, for reasons explained below, it is not well suited to fund the primary
research, which is the fundamental function of NIH funding. NIH funding enables exploratory
science with no immediate market return but critical long-term value, de-risking high-impact
innovations and establishing the foundation for future commercial breakthroughs.

Industry

0% 25% 50% 75% 100%

Bl Basic Research Applied Research Development

FIGURE 6: FEDERAL VS INDUSTRY INVESTMENT IN RESEARCH AND DEVELOPMENT®

As mentioned above in the overview of current biopharmaceutical dynamics, the market
consistently underinvests in basic research due to its nature as a positive externality—where

7 Todd Young and Matt Pottinger, “Funding for R&D Isn’t a Gift to Academia,” The Washington Post, March 24,
2025, https://www.washingtonpost.com/opinions/2025/03/24/research-development-china-national-security/.

8 Kenneth M. Evans et al., “U.S. Federal Scientific Research and Development: Budget Overview and Outlook,”
Report, 2021, https://www.bakerinstitute.org/research/us-federal-scientific-research-and-development-budget-
overview-and-outlook.
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social benefits of a good or innovation exceed private returns received by producers (Figure 6).%°
Foundational science is characterized by long time horizons, high uncertainty, and limited
immediate commercial value, making it unattractive to private investors.’® This market failure is
well documented: the very research most likely to generate transformative breakthroughs is the
least likely to be privately funded.”! And because the market cannot capture the full value of
basic research due to it being a positive externality, it will never close this gap on its own.

Yet such officially supported exploration science is essential. The Human Genome
Project, completed in 2003 without a direct commercial objective, laid the groundwork for major
advances in gene editing, precision medicine, and synthetic biology.”> Without sustained public
investment in that large-scale, high-risk effort, the economic and clinical advances that followed
would not have been possible. Government intervention through public funding is therefore not
only beneficial, but also indispensable for generating innovation that serves the broader public
good.

Correcting this market failure requires sustained public investment in early-stage
research, precisely the role filled by the NIH. As the largest public funder of biomedical research
in the U.S., the NIH plays a foundational role in underwriting high-risk, long-time-horizon
scientific discovery that private sector is structurally disincentivized to pursue. By funding
academic institutions, research hospitals and national laboratories, the NIH cultivates the
scientific workforce, infrastructure, and knowledge base that underpin downstream innovation.
This federal commitment not only seeds transformative medical breakthroughs but also
strengthens the broader innovation ecosystem. In 2024, with an overall budget of $47.35 billion,
approximately 78%, or $36.94 billion, was dedicated to research grants (Figure 7).7®

FY2015 FY2016 FY2017 FY2018 FY2019 FY2020 FY2021 FY2022 FY2023 FY2024
Total NIH $30.31 $32.31 $34.30 $37.31 $39.31 $41.69 $42.94 $4518 $47.68 $47.35*
appropriations billion billion billion billion billion billion billion billion billion billion
NIH research funds $22.82 $24.59 $26.10 $28.05 $30.82 $34.65 $35.73 $36.68 $37.81 $36.94
awarded, U.S. billion billion billion billion billion billion billion billion billion billion
NIH research grants
AT NS} 50,808 52,470 54,128 57110 59,421 61,993 62,996 64,657 65,454 64,359

FIGURE 7: A DECADE OF IMPACT: NIH RESEARCH FUNDING FY2015-FY202474

The NIH comprises 27 institutes and centers focused on various aspects of health and
disease, and it distributes more than 80% of its funding to external researchers through

 Khan Academy, “Positive Externalities of Innovation (Article),” Khan Academy, accessed May 13, 2025,
https://www .khanacademy.org/economics-finance-domain/microeconomics/market-failure-and-the-role-of-
government/innovation/a/positive-externalities-of-innovation.

70 Rebecca Mandt, Kushal Seetharam, and Chung H. M. Cheng, “Federal R&D Funding: The Bedrock of National
Innovation,” MIT Science Policy Review 1 (August 20, 2020), https://doi.org/10.38105/spr.n463z4t1u8.

" Mandt, Seetharam, and Cheng, “Federal R&D Funding.”

72 Barbara Brody, “Harnessing the Human Genome Is the Future of Healthcare—and Johnson & Johnson Is Helping
Lead the Way,” Johnson&Johnson, November 30, 2023, https://www.jnj.com/innovation/human-genome-
healthcare-jnj-forefront.

73 “NIH’S Role in Sustaining the U.S. Economy,” 5.

74 “NIH’S Role in Sustaining the U.S. Economy,” 5.
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competitive grants, with the remaining funds supporting intramural projects conducted by NIH
scientists. This funding supports over 60,000 active grants and impacts more than 300,000
researchers across more than 2,500 institutions nationwide.”> Critically, this investment translates
into real-world health and economic returns: between 2010 and 2019, 99% of all new FDA-
approved drugs had origins in research funded by the NIH.”® While NIH funding spans the full
spectrum of biomedical inquiry, an estimated one-third of its research portfolio supports work
directly relevant to drug development, diagnostics, and other biopharmaceutical applications.”’
These outputs underscore how NIH funding not only fuels basic discovery but also catalyzes the
translation of science into public goods, life-saving therapies, national innovation capacity, and
long-term economic growth. Figure 8 provides an overview of the measurable benefits of NIH
investments.
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FIGURE 8: MEASURABLE BENEFITS OF NIH INVESTMENTS®

The development of mRNA vaccines for COVID-19 offers a powerful case study of how
long-term public investment in basic science enables transformative commercial innovation with
profound public health impact. The story begins decades before the pandemic, with NIH-funded
research into mRNA biology and delivery technologies conducted at academic institutions and
within federal laboratories. As early as the 1990s, NIH supported foundational work by Drs.

75 National Institutes of Health, “NIH Budget: Overview by Institute and Center, FY 2024.,” Government, About
NIH, accessed May 8, 2025, https://www.nih.gov/about-nih/what-we-do/budget.

76 Ekaterina Galkina Cleary et al., “Contribution of NIH Funding to New Drug Approvals 2010-2016,” Proceedings
of the National Academy of Sciences 115, no. 10 (March 6, 2018): 2329-34,
https://doi.org/10.1073/pnas.1715368115.

77 “NIH-Wide Strategic Plan: Fiscal Years 2021-2025.”

8 “NIH’S Role in Sustaining the U.S. Economy,” 1-2.
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Katalin Karik6é and Drew Weissman at the University of Pennsylvania, who faced skepticism as
they explored the therapeutic potential of mRNA.”® In 2005, they published a pivotal paper
demonstrating that chemical modification of mRNA could prevent harmful immune responses,
making it safe for use in humans.3°

Between 2005 and 2019, the NIH and other public agencies, including DARPA and
BARDA, provided over $337 million to support further research and development in mRNA
technologies, including delivery systems (like lipid nanoparticles), immunogenicity, and scalable
manufacturing platforms.3! This foundational ecosystem meant that when SARS-CoV-2 emerged
in early 2020, firms like Moderna and BioNTech/Pfizer were able to rapidly adapt existing
mRNA platforms to target the virus’s spike protein.®? Operation Warp Speed then contributed
more than $18 billion to accelerate clinical trials, secure FDA approvals, and scale-up
manufacturing, cutting the development timeline from a typical 8-10 years to under one year.®’

The results were unprecedented: Pfizer-BioNTech and Moderna vaccines showed
approximately 95% efficacy against symptomatic COVID-19 in initial trials.®* By December
2022, COVID-19 vaccination efforts, including mRNA-based approaches, were estimated to
have prevented over 3 million deaths and more than 18 million hospitalizations in the U.S.
alone.® Beyond their immediate impact, these vaccines validated decades of scientific risk-
taking and solidified mRNA as a new therapeutic modality with broad potential beyond
infectious diseases, including cancer, autoimmune disorders, and rare genetic conditions.

Crucially, while private firms earned substantial financial returns, Pfizer and Moderna
together generated over $90 billion in COVID-19 vaccine revenue by the end of 2022%, these
profits were made possible due to prior government investment in high-risk, foundational
science. The public-private dynamic, where the government bears early-stage scientific risk and
industry later commercializes the results, is not an anomaly but the standard model for
biopharmaceutical innovation in the U.S.

Government Funds Are at Serious Risk Today

79 NIH Record, “Grantees Kariko, Weissman Awarded 2023 Nobel Prize,” NIH Record, October 27, 2023,
https://nihrecord.nih.gov/2023/10/27/grantees-karik-weissman-awarded-2023-nobel-prize.

80 Amit Bansal, “From Rejection to the Nobel Prize: Kariké and Weissman’s Pioneering Work on mRNA Vaccines,
and the Need for Diversity and Inclusion in Translational Immunology.,” Frontiers in Immunology 14 (2023):
1306025, https://doi.org/10.3389/fimmu.2023.1306025.

81 Hussain S Lalani et al., “US Public Investment in Development of mRNA Covid-19 Vaccines: Retrospective
Cohort Study,” BMJ 380 (2023), https://doi.org/10.1136/bmj-2022-073747.

82 Government Accountability Office, “OPERATION WARP SPEED: Accelerated COVID- 19 Vaccine
Development Status and Efforts to Address Manufacturing Challenges,” 2.

8 Lancet Commission on COVID-19 Vaccines and Therapeutics Task Force Members, “Operation Warp Speed:
Implications for Global Vaccine Security.,” The Lancet. Global Health 9, no. 7 (July 2021): 1017-21,
https://doi.org/10.1016/S2214-109X(21)00140-6.

8 Polack Fernando P. et al., “Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine,” New England
Journal of Medicine 383, no. 27 (December 30, 2020): 2603—15, https://doi.org/10.1056/NEJMo0a2034577.

85 Meagan C. Fitzpatrick et al., “Two Years of U.S. COVID-19 Vaccines Have Prevented Millions of Deaths and
Hospitalizations,” 2022, https://doi.org/10.26099/WHSF-FP90.

8 Esther de Haan, “Big Pharma Raked in USD 90 Billion in Profits with COVID-19 Vaccines,” SOMO, February
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Despite its demonstrable impact and high societal return on investment, government
funding for biomedical research faces several significant threats that could undermine the long-
term competitiveness of the U.S. biopharmaceutical industry.

The FY2026 President’s Budget proposes a $18 billion reduction in NIH funding, with a
reduction in basic research grants from ~$37 billion down to ~$27 billion (Figure 9).8” Even if
this reduction is not enacted, an outcome that would represent an almost 30% cut to basic
research, funding for foundational science has not kept pace with increased costs. The average
cost of conducting biomedical research has increased substantially due to more sophisticated
technologies, heightened regulatory requirements, and the increasingly complex nature of the
biological questions being addressed. This is reflected by a 140% increase in the cost of bringing
a drug to the market compared to a decade ago.®®

It is important to highlight that, when adjusted for biomedical research inflation, the real
purchasing power of NIH funding has remained essentially flat since 2003 (Figure 9)Error!
Reference source not found..®
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YEAR FOR INFLATION®?
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Additionally, NIH recently changed its policy regarding indirect cost rates. On February
7, 2025, the NIH issued a notice establishing a standard indirect cost rate of 15% for all NIH
grants, replacing the previously negotiated rates that varied by institution.”! This cap, which
applies to both new and existing grants for expenses incurred from February 2025 onward,
represents a dramatic reduction from the previous average indirect rates between 27% and 28%,
with some institutions receiving rates as high as 60% based on their actual overhead costs.”

Indirect costs cover essential research infrastructure including laboratory facilities,
utilities, administrative support, compliance programs, and information technology systems.”
These costs are not “extras” but fundamental components of the research enterprise that enable
the direct scientific work funded by grants. The new standardized 15% cap fails to account for
the legitimate differences in overhead costs across institutions based on factors such as: research
type and intensity, geographic location, institution size and research volume, and the age and
condition of research infrastructure.

By imposing a uniform cap far below actual overhead costs, in many cases, this policy
effectively forces research institutions to subsidize federally sponsored research from other
sources, a particularly challenging proposition for institutions with limited alternative revenue
streams, such as public universities and independent research institutes. This can also create a
“research valley of death” where institutions are forced to not accept research dollars due to
insufficient coverage of indirect rates. The American Council on Education estimated that this
change will cut more than four billion dollars of NIH funding annually from the research
ecosystem, with disproportionate impacts on those organizations and regions that already
struggle to compete for federal research funds.**

During an interview with the Vice President of a major academic research institution, the
biotechnology industry study seminar gathered real-time insights into how the new 15% cap on
indirect cost rates is creating serious challenges for research institutions. He emphasized that
even under the previous model, before the cap was imposed, indirect funding was already
insufficient to support the full costs of conducting meaningful research. This evolving issue
threatens the sustainability of research-intensive institutions, and the paper’s recommendations
section outlines targeted strategies to address these challenges and reinforce the long-term
viability of the U.S. research ecosystem.”

Austerity’s Toll: Argentina and the Fragility of Research Ecosystems

Argentina offers a cautionary example of the consequences that follow when public
investment in science and technology is sharply reduced. Since President Javier Milei assumed

o1 Office of The Director, “Supplemental Guidance to the 2024 NIH Grants Policy Statement: Indirect Cost Rates”
(National Institutes of Health, February 7, 2025), https://grants.nih.gov/grants/guide/notice-files/NOT-OD-25-
068.html.
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Cut to Life-Saving NIH Research,” February 10, 2025, https://www.acenet.edu/News-Room/Pages/ACE-AAU-
APLU-Joint-Statement-NIH.aspx.

5 Andrew Chase, Interview with Vice President, Mass Bingham General, Virtual, May 7, 2025.
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office in December 2023, austerity measures resulted in a 31% cut in national research spending,
reducing total investment to approximately $1.2 billion.?® Public R&D investment now stands at
just 0.208% of GDP, down from 0.302% in 2023 and representing a 43% decline from its 2015
peak.”” These reductions have had severe repercussions: laboratories report an inability to cover
basic operational costs, and some have been dismantled entirely.”® Long-term research in fields
such as biomedicine and environmental science has abruptly halted, risking the permanent loss of
valuable data and expertise.”” The resulting climate of uncertainty accelerated a substantial brain
drain, with scientists, particularly early-career and mid-level researchers, increasingly seeking
opportunities abroad. At the University of Buenos Aires, one microbiologist estimated that 40%
of departmental researchers are now pursuing emigration. '

During on-site research at the University of San Martin in Buenos Aires, the immediate
impacts of budget cuts were evident. Although higher education is publicly funded and tuition-
free, enrollment in biotechnology and nanotechnology programs is declining as students
increasingly opt for immediate employment over the lengthy and uncertain five- to six-year
degree track. One member of the faculty explained that funding for equipment and supplies is
managed separately from salaries, with little coordination between the two funding streams.
Severe reductions in equipment funding have hampered research activities and contributed to
falling enrollment, threatening the development of a future workforce capable of sustaining
Argentina’s promising but fragile biotechnology sector.!°!

The challenges currently faced by Argentina's biotechnology industry could be the
beginning of a longer, more profound decline, underscoring the critical importance of sustained,
robust government support for scientific research in the U.S. to safeguard against similar,
potentially catastrophic outcomes elsewhere.

V) ROLE OF PRIVATE CAPITAL IN THE BIOPHARMACEUTICAL ECOSYSTEM

“Private investment moves where returns are clearest. But the most important discoveries often
emerge from high risk, uncertain bets. That’s not a space venture capital can sustainably occupy

alone.”
- Steve Kraus, Partner, Bessemer Venture Partners 02

Private capital plays a vital role in the development phase of biopharmaceuticals,
particularly in the “D” phase of research and development: translating discoveries into market-
ready therapies. While public funding supports early-stage, high-risk research phase, private
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investment typically enters later as innovations mature, bridging later-stage development and
scaling up to commercialization. However, the current landscape reveals three persistent
challenges: (1) private capital is structurally unsuited to support foundational research due to
high risk and long timelines, (2) without a strong and sustained public-sector role that extends
beyond basic research into translational support, innovations may never reach the market, and (3)
private investment often favors high-revenue areas, leaving strategic priorities like pandemic
preparedness underfunded. Biopharmaceutical innovation depends on a coordinated funding
model that supports the entire research-to-development (R-to-D) continuum, from publicly
funded discovery through to self-sustaining firms financed by revenue, equity, or debt (Figure
10). This is especially critical in areas of high national security importance, where market
incentives alone are often insufficient to drive investment.
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FIGURE 10: OVERVIEW OF BIOPHARMACEUTICAL DEVELOPMENT AND PRODUCTION IN THE U.S.!1%

Challenge 1: Venture Capital investment into the biopharmaceutical sector is declining,
exacerbated by lengthy regulation timelines.

Amid challenging public market conditions, the U.S. biopharmaceutical industry is facing
a sharp decline in private capital. In 2024, global private equity and VC activity in biotechnology
fell to its lowest level since 2019 (Figure 11).104
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As economic and regulatory pressures constrain private investment, the risk increases that
fewer breakthrough therapies will transition from discovery to deployment. This challenge is
compounded by the lengthy and costly drug development process, particularly for startups.
While the average VC investment horizon across industries is approximately six years,
biopharmaceutical products often require close to a decade to reach market approval.!% This
misalignment incentivizes VCs to favor short-term returns through mergers, acquisitions, or
initial public offerings (IPO), rather than long-term value creation, further limiting capital for
transformative but time-intensive innovations.!?’

Prolonged FDA regulatory timelines impose significant financial strain on
biopharmaceutical startups, often forcing them to pursue premature IPOs as a means of accessing
essential capital, despite lacking profitability. In contrast to the software sector, where IPOs
typically signal commercial readiness, for many biopharmaceutical firms, going public is merely
a financing event within an extended development cycle.!%® An analysis of 2024 TPOs reveals
that nearly half of biotech companies, 12 out of 25, had generated no revenue at the time of their
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listing (Figure 12).1% Yet once public, firms are subject to shareholder pressure that favors near-
term financial performance over long-term innovation, frequently compelling management to
deprioritize exploratory research,!1%!1!

This dynamic not only risks stifling breakthrough discoveries but also introduces a
broader structural consequence: as IPO exits decline, VC remains tied up longer, reducing capital
recycling and disincentivizing new investment in the sector. This contraction in available venture
funding compounds the challenges facing early-stage biopharmaceutical companies, further
weakening the overall resilience and competitiveness of the U.S. biopharmaceutical innovation
ecosystem.!'!'? Analysts suggest addressing this structural mismatch through enhanced
governmental support mechanisms or streamlined regulatory processes, ensuring that critical
innovation is sustained rather than suppressed by protective regulatory rigor.'!?
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FIGURE 1212: COMPLETED IPOS IN BIOPHARMACEUTICAL THERAPEUTICS AND PLATFORM TOTALS!'!*
Challenge 2: Venture Capital focuses on later development phases.

Another structural challenge facing the U.S. biopharmaceutical sector is the increasing
concentration of VC investment in later-stage development. This shift effectively moves the
“valley of death,” the critical funding gap between early discovery and initial development,
earlier in the pipeline, reducing the availability of capital precisely when early-stage therapeutic

109 2024 Technology and Life Sciences IPO Report,” Wilson, Sonsini, Goodrich & Rosati (Palo Alto, CA: Wilson
Sonsini Goodrich & Rosati, 2025), https://www.wsgr.com/en/insights/2024-technology-and-life-sciences-ipo-
report.html.

119 Congressional Budget Office, “Research and Development in the Pharmaceutical Industry.”

" David Thomas and Chad Wessel, “Emerging Therapeutic Company Investment and Deal Trends,” BIO Industry
Analysis Report, 2022, https://www.bio.org/sites/default/files/2022-03/BIO-Investment-Deal-Trends.pdf.

12 Thomas and Wessel, “Emerging Therapeutic Company Investment and Deal Trends.”

113 Mariana Mazzucato, “The Entrepreneurial State: Socializing Both Risks and Rewards,” Real-World Economics
Review, no. 84 (2018): 201-17, https://www.paecon.net/PAEReview/issue84/Mazzucato84.pdf.

114 Mohteshim Ashraf, “Biopharma Therapeutics and Platforms IPO Activity in 2024,” DealForma, March 19, 2025,
https://dealforma.com/biopharma-therapeutics-and-platforms-ipo-activity-in-2024/.

29



research is most vulnerable. As public funding for basic research stagnates and private capital
becomes more risk-averse, this funding gap is not merely persisting, it is widening (Figure 13).
The result is a deeper and more prolonged “valley of death” that slows the overall innovation
cycle, deters new VC entrants, and raises the perceived risk profile of early-stage investment.
This dynamic threatens to erode the foundation of the biopharmaceutical innovation ecosystem,
stalling the advancement of promising therapies before they can demonstrate clinical or
commercial viability.
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FIGURE 1313: “Valley of Death” Widening with Declining Public Support and more Risk Averse Venture Capital'!’

In 2023, U.S. VC and private equity investment in biotechnology declined by nearly 32%
from the previous year, with remaining funds largely concentrated in clinical-stage companies
with de-risked pipelines and clearer regulatory pathways.!!® This shift reflects rational economic
behavior: later-stage investments, which comprised 40% of VC activity in 2023, reduce scientific
risk and offer more predictable exits through acquisitions or public offerings.!!” However, this
trend systematically deprioritizes early-stage, high-risk ventures, especially those in less
commercially attractive or unconventional areas with potential national security relevance.
Figure 14 illustrates the broader decline in early-stage VC funding across sectors.
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Challenge 3: Market failure in national security-related research areas

A persistent weakness in the U.S. biotechnology funding landscape is the limited flow of
private capital, particularly VC, into infectious disease therapeutics. Even as overall
biotechnology VC investment declined to its lowest level since 2020 by 2024, funding for
infectious diseases remained disproportionately low.!!® Over the past decade, companies
developing vaccines in this area raised only $6.5 billion, representing just 3.4% of total
biotechnology VC investment.!?® This stands in stark contrast to areas like oncology, where

drugmakers brought in $72.6 billion, making up 38% of total VC dollars during the same period,
a trend depicted in Figure 14 14,12
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Even during the COVID-19 pandemic, infectious disease accounted for less than 7% of
VC deals and under 8% of total funding.'?* Since 2021, capital raised for these firms has steadily
declined, with median investment levels dropping sharply by 2023.12* This chronic
underinvestment, despite the clear public health and national security stakes, leaves many high-
impact pathogens without effective vaccines or treatments and undermines U.S. preparedness for
future biological threats, whether natural or engineered.!?®

It was helpful to reflect on these hurdles when visiting start-up organizations such as the
Rapidly Emerging Antiviral Drug Development Initiative (READDI), which working to address
the market failure that arises from the mismatch between public health priorities and private
investment incentives. READDI’s model focuses on the low-cost development of shelf-ready,
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broad-spectrum antivirals targeting entire viral families with known pandemic potential.
However, despite the modest cost of preparing these countermeasures in advance, the uncertain
timing and scale of future outbreaks mean the commercial payoff is speculative at best, making it
unattractive to private investors. As a result, critical pandemic preparedness tools like broad-
spectrum antivirals remain underdeveloped, not because of doubts about their scientific
feasibility or prohibitive costs, but because the market lacks a mechanism to reward preemptive
action.!2

VI) CHINA’S STRATEGIC PLAYBOOK FOR BIOPHARMACEUTICAL DOMINANCE

"China is quickly ascending to biotechnology dominance, having made biotechnology a strategic
priority for 20 years. To remain competitive, the United States must take swift action in the next

three years. Otherwise, we risk falling behind, a setback from which we may never recover." %’
- National Security Commission on Emerging Biotechnology Final Report, April 2025

China's ascent in the global biopharmaceutical sector is not accidental. It is the outcome
of a long-term, state-driven industrial strategy that pairs deliberate public investment with
regulatory and financial instruments to drive growth in emerging technologies. From 2025 to
2030, the Chinese biopharmaceutical market is expected to grow at a CAGR of 11.8%, reaching
around $31.5 billion by 2030 (Figure 15).!?% Although China's biopharmaceutical sector valuation
is significantly smaller than the U.S. valuation of $130 billion, the rapid pace and strong
momentum of China's growth remain concerning, especially given U.S. dependence on Chinese
industries for continued growth.!?° China's biopharmaceutical sector is growing at an annual rate
of 11.5%, surpassing the U.S. growth rate of 7.9%.!3°
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At the heart of China’s strategy is a fundamentally different model from that of the U.S.:
one in which the government plays a direct and persistent role across both research and
development by pouring billions into national biotechnology parks and by providing
concessional loans and tax credits to state-backed and private firms alike.'*? The NSCEB report
emphasizes that China's dominance in biotechnology is a result of two decades of strategic
investment, including a 400-fold increase in biotechnology R&D spending. This has enabled
Chinese firms to become significant players in the global biopharmaceutical industry.!* For
example, by 2024, Chinese firm Walvax scaled one of the world’s largest mRNA vaccine
production facilities in Yuxi, with an annual capacity nearing 400 million doses per year,
demonstrating the speed and scale possible under coordinated public investment.!**

China deliberately constructed a vertically integrated innovation pipeline designed to
carry discoveries from lab bench to global market. This catapulted their global share of value-
added pharmaceuticals as demonstrated in Figure 16 16 below.
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In stark contrast to the U.S. model described in this paper, Chinese regulators revamped
their oversight system to accelerate drug testing timelines and reduce associated costs, offering
emerging domestic biotech firms a notable advantage over many smaller U.S. counterparts. In a
strategic shift, China is also channeling major investments into both fundamental and
translational research. These policy reforms, backed by significant funding, propelled rapid
progress in biopharmaceutical innovation. Notably, clinical development of new
biopharmaceutical products in China is now estimated to proceed 50—100% faster than in the
U.S. or Europe.'*¢ China’s accelerated regulatory timelines allow drugs to reach market and
generate revenue more quickly but may do so at the expense of rigorous quality assurance.
Historical incidents, such as the 2008 heparin contamination that resulted in 81 U.S. deaths'?’,

underscore the potential consequences of compromised oversight. While systemic deficiencies
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have not been definitively proven, ongoing concerns over the quality of pharmaceutical imports
from China persist and warrant closer scrutiny.!3®

Finally, the sheer amount of research coming out of China speaks volumes and reflects
their investments in biotechnology. Between 2012 and 2022, China dramatically increased its
global research impact in biotechnology, growing its share of top 10% most-cited publications
from 139 to 671—a rise of more than 380%. In contrast, output from other nations has remained
flat or declined. The U.S., for example, saw a significant drop in highly cited biotechnology
papers, falling from 218 to 145 during the same period—a decline of nearly 34%. (Figure 17)
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FIGURE 17:17 NUMBER OF SCIENTIFIC PUBLICATIONS BY YEAR'®
Strategic Stranglehold: China’s Weaponization of the Biopharmaceutical Supply Chain

China is not merely a participant in the global biopharmaceutical supply chain, it is
strategically positioning itself as a chokepoint. Through a combination of state-directed
investment and regulatory control, China has engineered dominance over critical components of
the U.S. biopharmaceutical ecosystem including non-human primates (NHPs) used for
preclinical testing and APIs essential to drug manufacturing. In recent years, Chinese export
restrictions on NHP-derived materials, including serum, plasma, and cerebrospinal fluid, have
created severe bottlenecks for U.S. research firms, with CSF wait times now extending up to
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three years. 140141 These constraints not only slow down clinical trials required for FDA approval
but also deter VC investment by inflating regulatory and development risk.

At the same time, China is currently the source of 20% of APIs and 45% of key source
materials, rendering the domestic pharmaceutical system deeply vulnerable to supply shocks. 4%
143 As noted by the U.S.-China Economic and Security Review Commission, this dependency
grants China significant leverage in times of geopolitical tension, enabling it to weaponize the
supply chain and disrupt access to essential medicines.!** This is not a passive vulnerability; it is
the result of deliberate strategic engineering, and it poses an escalating threat to U.S. health
security and economic independence. Russia, too, has increasingly recognized biotechnology as
a domain of strategic competition, investing in dual-use capabilities, such as vaccine platforms
and bio surveillance systems, that mirror China's state-directed approach and further complicate
the global security landscape.

Ethical Divergence in Biopharmaceutical Governance

China’s biopharmaceutical sector operates within an ethical framework that diverges
significantly from that of the U.S., particularly in areas of clinical oversight, genetic data
governance, and the fusion of biomedical research with state security interests. While therapeutic
gene editing is now subject to tighter regulation following international backlash, other domains,
such as state-directed genomics, remain largely unregulated.'*> Genomic data in China is treated
not solely as a tool for public health or commercial innovation, but as a strategic asset critical to
national security, economic competitiveness, and global influence. This approach has enabled the
rapid expansion of state-sponsored initiatives that integrate precision medicine, Al research, and
biometric surveillance under a unified ecosystem. !4

Article 7 of China’s 2017 National Intelligence Law further blurs the boundary between
public and private entities by mandating that all Chinese companies, including biotechnology
firms, cooperate with state intelligence services.!” This statutory framework erodes any
meaningful firewall between private genomic research and government control, raising profound
ethical and geopolitical concerns. In contrast, U.S. biopharmaceutical research is governed by
more stringent regulatory standards, such as informed consent requirements, independent
institutional review boards, and strict data privacy laws, that are designed to ensure transparency,
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protect human subjects, and insulate scientific research from undue political influence.'*® The
contrast underscores not only differing bioethical philosophies but also competing models of
how biotechnology should be governed, secured, and leveraged on the global stage.

VII) PoLICY RECOMMENDATIONS: BRIDGING AMBITION TO ACTION

“If we do not act boldly now, we risk ceding our biotechnological future to those who invest with

greater vision and urgency.”
- Dr. Albert Bourla, CEO, Pfizer'¥’

The preceding analysis underscores the mounting risks to the U.S. biotechnology
ecosystem: declining federal research investment, late-stage and risk-averse private funding,
regulatory delays, fragile supply chains, and intensifying global competition, particularly from
state-backed rivals like China. Meeting these challenges requires more than ambition; it demands
coordinated, sustained public-sector leadership across funding, regulation, and strategic
planning. This section outlines actionable policy proposals to reinforce the U.S.
biopharmaceutical sector’s resilience and competitiveness. Recognizing current fiscal
constraints, these recommendations prioritize strategic reallocation of existing federal
discretionary spending.

Policy Recommendation #1 - Optimize NIH Funding Through Strategic Growth and Cost
Accountability

Launch sustained NIH budget increases alongside accountable cost frameworks to significantly
enhance the return on federal investment in biomedical research.

Why This Matters: Robust and predictable NIH funding, indexed to inflation, is indispensable
to maintaining U.S. leadership in biopharmaceutical innovation. Stagnating funding and
inefficient cost management jeopardize this innovation pipeline, weakening strategic
competitiveness. !>

Actions to Implement:

Increase the NIH budget by 5% annually in constant dollars; Resources: $28B from
2025 to 2035. Congress should commit to consistent NIH funding increases, indexed
specifically to the Biomedical Research and Development Price Index (BRDPI), through
2035. This funding trajectory ensures NIH’s purchasing power aligns with actual
biomedical research costs, which typically rise faster than general inflation. Historical
evidence strongly supports this funding level; each NIH dollar invested currently
generates $2.56 in economic activity, creates over 400,000 jobs annually, and underpins
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199 pfizer, “Pfizer and Our CEO Albert Bourla Recognized by TIME, Fortune,” Announcements, January 16, 2025,
https://www.pfizer.com/news/announcements/pfizer-and-our-ceo-albert-bourla-recognized-time-fortune.

150 «“NSCEB April 2025 Final Report,” April 2025, 15-19.

38



all FDA-approved drugs (99.4% from 2010-2019).!5! Additionally, sustained, and
predictable NIH funding encourages greater private-sector investment, thereby
amplifying total economic impact.

Improve the fixed 15% indirect cost cap with a hybrid, performance-based indirect
cost allocation model Utilizing existing NIH budget growth (NIH & Health and
Human Services (HHS)); Resources: No new appropriations required. Current NIH
policy imposes a uniform 15% cap on indirect cost recovery, undermining universities’
ability to support essential infrastructure such as labs, administration, and compliance
systems crucial for sustained research excellence.!>? NIH should adopt a hybrid indirect
cost allocation model informed by best practices from successful global frameworks.
Drawing from the United Kingdom’s full economic costing and Canada’s performance-
based indirect cost structures, NIH can establish baseline funding to realistically reflect
actual institutional expenses, coupled with additional performance-linked allocations
rewarding research productivity, cost-efficiency, and administrative effectiveness.!> This
metrics-based hybrid model allocates resources more efficiently because it incentivizes
institutional accountability, encourages streamlined research operations, and maintains a
healthy and productive research environment.

Use internal efficiencies to fund expansion of oversight and compliance audits
(NIH), HHS-Office of the Inspector General (HHS-OIG), and the Government
Accountability Office (GAO); Resources: Increase NIH budget by 1%. Increasing
NIH’s budget requires enhanced transparency and accountability. Expanding oversight by
HHS-OIG and GAO will ensure responsible use of NIH resources, building confidence
with Congress and taxpayers. This will include targeted audits, data-driven compliance
monitoring, and periodic reviews of funded institutions. Modern data analytics will focus
oversight on high-risk spending, reducing administrative burdens. The initiative will be
financed through NIH’s internal efficiency gains, with no additional external
appropriations needed.

Policy Recommendation #2 - Bridge Biopharmaceutical’s Research to Development
“Valley of Death” with a Translational Investment Initiative

Launch a national translational funding partnership to turn lab breakthroughs into new therapies.

Why This Matters: The U.S. excels at basic biomedical research but struggles to support early-
stage innovations through the “valley of death” to commercialization. Without targeted
translational investments, groundbreaking therapies frequently stall, never reaching patients, or
worse, they become commercialized overseas, threatening U.S. global competitiveness and
national security. Rival nations, notably China, strategically invest billions to secure biotech
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dominance, underscoring the urgent need for robust U.S. federal intervention to sustain
technological leadership and preparedness.'>*

Actions to Implement:

Empower the new Advanced Research Projects Agency for Health (ARPA-H) as the
lead agency to bridge the “valley of death;” Resources: $5B annually. Expand
ARPA-H’s budget to fund transformative biomedical and health breakthroughs through
Phase I and II clinical trials.!>® Historical successes of DARPA highlight the
effectiveness of mission-driven, flexible, and milestone-oriented agencies in driving
significant technological breakthroughs.!>® Congress should thus grant ARPA-H
enhanced hiring flexibility and streamlined contracting authority to attract top talent and
enable rapid response to emerging health threats. Funding for ARPA-H should come
from reallocating and consolidating redundant health-research initiatives across multiple
federal agencies.

Establish a dedicated Translational Science Fund leveraging milestone-based grants
and innovation prizes to catalyze development (NIH & BARDA); Resources: $1B
annually. Establish a Translational Science Fund to support milestone-based grants and
innovation prizes, jointly administered by NIH and BARDA. With $1B annually, the
fund would incentivize early-stage development in biomedical areas where private capital
is scarce. Milestone-based disbursements, tied to key progress markers like IND filings,
would ensure accountability and focus on results.!>” This model shifts funding toward
performance while supporting underfunded fields such as antimicrobial resistance and
pandemic preparedness.!>® Drawing from successful prize models like the Ansari X-
Prize, the fund would align public investment with measurable impact. Resources could
be generated through user fees on accelerated drug reviews, linking innovation support to
industry benefit without raising general taxes.!>

Launch a “BioBridge” co-investment program matching federal funds with industry
contributions to reduce early-stage development risk (HHS & DoD Public-Private
Partnership); Resources: $2B annually. Under this initiative, the federal government
would allocate up to $2 billion annually in matching funds, contingent upon equivalent
private-sector investment. Such public-private partnerships have proven particularly
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effective: Operation Warp Speed exemplifies how combined public and private-sector
capabilities can dramatically expedite biomedical innovation.'®® Requiring industry co-
investment ensures shared financial commitment, leveraging commercial expertise and
capital, while effectively doubling translational resources available to navigate the
challenging phases of early clinical and regulatory hurdles. Recent economic analyses
confirm that public-private matching significantly increases the likelihood of early-stage
therapeutic successes advancing toward commercialization.!®! The government’s share of
the BioBridge program would be funded through strategic defense budget reprioritization
of the DoD research budget towards biotechnology initiatives explicitly supporting
national security priorities.

Policy Recommendation #3 - Streamline Biopharmaceutical Regulations to Sustain U.S.
Innovation Leadership

Launch agile, coordinated oversight reforms to maintain America’s global competitiveness in
biotechnology innovation while upholding rigorous safety standards.

Why This Matters: A streamlined regulatory system is critical for maintaining the U.S. at the
forefront of biopharmaceutical innovation. An overly cumbersome, fragmented approval process
can stifle breakthrough therapies and deter investment. China’s fast tracking drug approvals
significantly enhances its competitive stance in biotechnology innovation.

Actions to Implement:

Expand and upgrade the unified, web-based biotechnology regulation system
(White House Office of Science and Technology Policy and HHS); Resources: $10M
one-time funding. The federal government must expand its recent unified regulatory
portal, initially created for genetically engineered microbes, to all biopharmaceutical
products, integrating FDA electronic submission standards.!®? A single digital interface
would streamline interactions across FDA, USDA, EPA, and DoD, enhancing
transparency, predictability, and efficiency.!® Such coordination is central to the
bipartisan National Biotechnology Initiative Act of 2025, proposing a dedicated office to
streamline regulations, thus eliminating redundant agency reviews and regulatory silos.!%4
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Broaden expedited approval pathways and modernize review processes (FDA with
HHS and DoD); Resources: Additional personnel, enhanced analytics
infrastructure, and funding via user fees. FDA should expand expedited approval
mechanisms, Fast Track, Breakthrough Therapy, and Accelerated Approval, especially in
vital areas like pandemic preparedness, antimicrobial resistance, and biodefense.
demonstrated the efficacy of expedited regulatory approaches in real-world crises,
highlighting the potential for proactive regulatory modernization to benefit public health
significantly.

Establish a Joint DoD-HHS biopharmaceutical innovation task force (DoD and
HHS); Resource: annual reallocation of approximately $50 million from existing
biodefense R&D and NIH translational research programs. A permanent joint task
force combining DoD-HHS expertise should accelerate critical medical countermeasures.
Modeled after successful FDA-DoD initiatives, this interagency group would facilitate
early-stage, high-risk biomedical projects crucial for national security but unattractive for
private investment alone.!% By synchronizing DoD’s Program Objective Memorandum
budgeting with HHS priorities, this task force would eliminate bureaucratic barriers and
expedite therapeutic innovations. The task force would also be charged with establishing
a concrete baseline and tracking metrics highlighted in Annex C. This monitoring
framework would function as an early warning system, enabling proactive intervention
should negative trends emerge. This strategy ensures agile development and requires
using data for decision making while enhancing federally supported biotech initiatives.

VIII) CONCLUSION: SECURING THE FUTURE OF U.S. BIOPHARMACEUTICAL
THROUGH STRATEGIC INVESTMENT

“The NSCEB final report makes clear that without immediate and bold action, the U.S. will cede

its dominance in biotech to China in the next few years. This cannot happen.”
- John F. Crowley, President and CEO of BIO!®

The vision of a 2040 world where the U.S. is sidelined in a biopharmaceutical crisis is not
speculative fiction, it is a strategic warning. As this paper has demonstrated, China’s state-driven
investment model is rapidly reshaping the global biotechnology and biopharmaceutical
landscape, exerting control over critical inputs, accelerating development timelines, and
positioning its firms as global leaders. In contrast, U.S. leadership is undermined by stagnating
public investment, regulatory inertia, and a growing reliance on foreign-controlled supply chains.

At the heart of the U.S. biopharmaceutical ecosystem lies a proven formula: robust
federal funding, particularly through the NIH, that fuels foundational science, de-risks
innovation, and catalyzes private-sector development. Yet this foundation is under threat.

165 “FDA/DoD Collaborations: Enhanced Engagements for Products Relevant to the Department of Defense (DoD),”
Food and Drug Administration, 2024, https://www.fda.gov/emergency-preparedness-and-response/medical-
countermeasure-collaborations/fdadod-collaborations.

166 Tom Popper, “Congressional Commission Urges Support in U.S.-China Competition for Biotech Dominance,”
Bio.News, April 14, 2025, https://bio.news/federal-policy/ncseb-congressional-commission-urges-support-in-u-s-
china-competition-for-biotech-dominance/.

42




Without immediate and sustained public investment, the U.S. risks erosion of its scientific
infrastructure, brain drain, and strategic vulnerability. The NSCEB affirms this urgency,
emphasizing that biotechnology is both an economic imperative and a strategic national security
asset.!®” The Commission calls for proactive government leadership to reinforce foundational
research and ensure the seamless transition of discoveries into commercial and defense-ready
applications, warning that market forces alone cannot meet this moment. '3

The recommendations presented in this paper offer a practical blueprint for preserving
U.S. leadership. Increasing NIH funding, bridging the “valley of death” through translational
investment, and modernizing regulatory processes are not just policy ideas, they are mechanisms
to protect American lives, maintain industrial strength, and safeguard strategic autonomy. These
actions will restore confidence across the innovation pipeline, support regional biotech clusters,
and ensure the U.S. remains the global pacesetter in biopharmaceutical innovation.

U.S. biopharmaceutical innovation momentum was built by design. Sustaining it will
require no less foresight, coordination, and bold investment. This is not merely a health or
economic issue; it is a national security imperative. Choosing action now means shaping the
future; failing to act means accepting a world where American influence is constrained by
dependence. The path is clear. What remains is the political will to follow it.

167 “NSCEB April 2025 Final Report,” April 2025, 15.
168 “NSCEB April 2025 Final Report,” April 2025, 18-19.

43



ANNEX A: Al, PRECISION MEDICINE, AND BIOPHARMACEUTICAL INNOVATION

The intersection of Al and biotechnology, exemplified by DeepMind’s AlphaFold2, is
reshaping the landscape of biopharmaceutical innovation and personalized healthcare.
AlphaFold2’s ability to predict protein structures with unprecedented accuracy has accelerated
the transition toward precision medicine, transforming drug development paradigms and
magnifying the strategic importance of biotechnology for U.S. national security. However,
harnessing Al responsibly requires addressing emerging biosecurity risks, regulatory challenges,
and equity concerns. !¢

Al-Powered Transformation of Protein Science

Traditionally, identifying protein structures required costly and time-intensive methods
such as X-ray crystallography. AlphaFold2 disrupted this model by achieving near-laboratory
accuracy in computational predictions, demonstrating its capabilities at the Critical Assessment
of Structure Prediction (CASP14) competition in 2020.!7° DeepMind’s public database of over
200 million predicted protein structures democratized access, vastly accelerating discoveries in
drug targets and biological mechanisms.!”!

Precision Medicine: From Mutation to Tailored Treatments

AlphaFold2 is central to advancing precision medicine, where treatments are customized
to genetic profiles.!”? By clarifying the functional impact of mutations, this AI innovation
informs targeted therapeutic strategies, notably in oncology and rare genetic diseases. In
precision oncology, AlphaFold2 maps tumor-specific protein alterations, allowing for therapies
that precisely target malignant cells, reducing off-target effects and enhancing efficacy.!”® For
rare genetic disorders, areas typically neglected due to small patient populations, Al-driven
approaches are proving economically viable by rapidly predicting pathogenic mutations and
viable therapeutic interventions.!”

Accelerating Drug Discovery and Development
Conventional drug development processes require a decade or more, costing billions with

uncertain outcomes. AlphaFold2 and other Al platforms significantly reduce timelines by
identifying viable drug targets, simulating drug-protein interactions, and accelerating preclinical
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stages.!”>17¢ Al-driven biofoundries, automated, data-intensive facilities, are emerging as next-
generation centers for biologics manufacturing, enhancing scalability and responsiveness in
therapeutic production.!”” Beyond incremental efficiency, Al technologies like Insitro leverage
machine learning to redefine the drug discovery pipeline itself, shifting from empirical trial-and-
error methods to rational, data-driven approaches.!’® 17 Such transformations are critical to
maintaining U.S. competitiveness in biotechnology, where speed, efficiency, and adaptability
translate directly into national economic and security advantages.'8°

Navigating Biosecurity and Dual-Use Challenges

Despite Al’s promise, the dual-use nature of these technologies raises substantial
biosecurity risks.!8! The same open-access databases enabling global scientific collaboration also
risk exploitation, potentially facilitating the design of novel pathogens or toxins.!®? Predictive
models like AlphaFold2 could theoretically expedite creation of biological threats resistant to
detection and standard medical countermeasures, as highlighted by the RAND Corporation and
the Center for a New American Security.!8* The COVID-19 pandemic illustrated this tension
starkly, with unrestricted genomic data sharing fueling both rapid global response and concerns
over misuse.!'®* Governance mechanisms have struggled to keep pace, underscoring an urgent
need for international regulatory alignment and enhanced oversight frameworks. Initiatives like
the AlxBio Global Forum are essential in building a shared international governance model to
mitigate these risks effectively.!®?
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Regulatory Lag and the Need for Adaptation

Current regulatory frameworks inadequately address the pace and novelty of Al-enabled
biotech developments. The Food and Drug Administration (FDA) and similar bodies face
challenges adapting traditional oversight models to evaluate Al-derived therapeutics rigorously
yet expediently.!3¢ While institutions like National Institute of Standards and Technology’s
Artificial Intelligence Safety Institute aim to standardize safety protocols, comprehensive global
standards remain elusive.!®” Effective governance will require proactive policy-making, robust
transparency in Al training data, rigorous auditing of predictive algorithms, and international
cooperation on biosecurity norms.!%8

Addressing AI-Driven Health Inequities

A critical dimension often overlooked in the Al-biotech revolution is the exacerbation of
healthcare inequities. Precision medicine utilizes genomic data biased toward affluent Western
populations, threatening to widen existing health disparities globally.!®® Al systems trained on
unrepresentative datasets risk marginalizing populations already underserved by healthcare
systems. Therefore, policies must emphasize inclusive data collection, open-access therapeutic
development, and capacity-building in lower-income regions to ensure equitable distribution of
Al-driven healthcare advances.!*°

Conclusion: Strategic and Responsible Innovation

AlphaFold2 epitomizes a revolutionary leap in biotechnology, promising rapid, precise,
and personalized healthcare solutions.!”!- 192 Yet, the strategic advantage it affords requires
careful governance to prevent biosecurity risks and ensure equitable benefits. Policymakers must
navigate the balance between open scientific collaboration and stringent security measures, adapt
regulatory structures swiftly, and proactively address equity concerns.!*®> Maintaining U.S.
leadership in biopharmaceutical innovation hinges upon decisive governmental action, investing
robustly in foundational science, establishing rigorous but adaptive regulatory frameworks, and
promoting global norms for responsible Al deployment.!®* !5 AI’s integration into

186 NIST, “U.S. Atrtificial Intelligence Safety Institute,” NIST, October 26, 2023, https://www.nist.gov/aisi.

BT NIST, “U.S. Artificial Intelligence Safety Institute.”

138 Nicole E. Wheeler, “Responsible Al in Biotechnology: Balancing Discovery, Innovation and Biosecurity Risks.,”
Frontiers in Bioengineering and Biotechnology 13 (2025): 1537471, https://doi.org/10.3389/fbioe.2025.1537471.

139 Nicole E. Wheeler, “Responsible Al in Biotechnology: Balancing Discovery, Innovation and Biosecurity Risks.,”
Frontiers in Bioengineering and Biotechnology 13 (2025): 1537471, https://doi.org/10.3389/fbioe.2025.1537471.

190 Wheeler, “Responsible Al in Biotechnology: Balancing Discovery, Innovation and Biosecurity Risks.,” 2025.

191 John Jumper et al., “Highly Accurate Protein Structure Prediction with AlphaFold,” Nature 596, no. 7873 (2021):
583-89, https://doi.org/10.1038/s41586-021-03819-2

192 Ruth Nussinov et al., “AlphaFold, Artificial Intelligence (Al), and Allostery,” The Journal of Physical Chemistry
B 126, no. 34 (September 1, 2022): 6372—83, https://doi.org/10.1021/acs.jpcb.2c04346.

193 Carter et al., “The Convergence of Artificial Intelligence and the Life Sciences.”

194 Wheeler, “Responsible Al in Biotechnology: Balancing Discovery, Innovation and Biosecurity Risks.”

195 Drexel and Withers, “Al and the Evolution of Biological National Security Risks.”

46



biopharmaceuticals is more than a technological milestone; it represents a strategic imperative
vital to national security and global health leadership in the coming decades.!*®
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ANNEX B: WARGAMING: BIOTECHNOLOGY AND NATIONAL SECURITY

This annex presents a concise 15-year economic wargaming scenario conducted at the
National Security Council level, highlighting the strategic imperative of sustained government
investment in biotechnology. Structured across three phases, the scenario explores the
repercussions of funding fluctuations on U.S. innovation, economic security, and global
competitiveness.

Move 1 (Years 1-5): Consequences of Funding Cuts

Federal budget austerity results in dramatic biotechnology funding cuts, slashing NIH
funding by over 40%, from $47 billion to $27 billion annually. Strategic initiatives, including
BARDA and ARPA-H, suffer significant reductions as funding is redirected toward deficit
reduction and traditional defense sectors. Policymakers justify these decisions by assuming
private industry will naturally fill funding gaps and sustain innovation independently.!®’

Industry and academia react severely. Startups reliant on government grants face
immediate fiscal crises, stifling innovation pipelines and discouraging private venture investment
due to perceived increased risk and delayed timelines.!® Pharmaceutical giants capitalize,
acquiring struggling startups, thus reducing competition and long-term innovation prospects.
Concurrently, reduced FDA resources exacerbate regulatory delays, increasing small firms’
financial burdens and hindering therapeutic advances.!*® Simultaneously, China intensifies its
state-driven biotechnology investments consistent with its “Made in China 2025 initiative,
surpassing U.S. investment levels by year five and securing leadership positions in synthetic
biology and biomanufacturing.?%

Move 2 (Years 6—10): Strategic Shock from Supply Chain Vulnerabilities

During escalating geopolitical tensions triggered by a Taiwan Strait crisis, China exploits
U.S. pharmaceutical supply chain dependencies, imposing export restrictions on critical active
pharmaceutical ingredients (API). Nearly 90% of certain generic medications in the U.S. rely on
Chinese production, resulting in immediate shortages and severe price spikes.?"!

This crisis prompts urgent U.S. government responses, including invoking the Defense
Production Act to restore critical domestic pharmaceutical manufacturing capacities, though
initially insufficient to mitigate the shortages fully. The crisis validates previous expert warnings

197 Congressional Research Service, “Federal Research and Development Funding: FY2024,” 2023,
https://sgp.fas.org/crs/misc/R47564.pdf.

198 Thomas and Wessel, “Emerging Therapeutic Company Investment and Deal Trends.”

199 Mazzucato, “The Entrepreneurial State: Socializing Both Risks and Rewards.”

200 U.S.- China Economic and Security Review Commission, “U.S. Supply Chain Vulnerabilities and Resilience.”
201 Vic Suarez, “The National Security Rationale for Stockpiling Key Pharmaceutical Ingredients,” March 5, 2024,
https://councilonstrategicrisks.org/2024/03/05/the-national-security-rationale-for-stockpiling-key-pharmaceutical-
ingredients/.
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regarding the risks inherent in offshored pharmaceutical manufacturing and underscores
biotechnology’s strategic equivalence to semiconductors or energy.>’?

In response, U.S. firms rapidly accelerate efforts to decouple from Chinese dependencies,
spurring private investment in synthetic biology innovations and domestic API production
technologies. Allies join efforts to diversify supply chains and propose cooperative international
frameworks to counteract economic coercion.?’* By year ten, bipartisan consensus emerges
recognizing biotechnology as an integral element of national security infrastructure, with
vulnerabilities now equated to traditional defense threats.?%4

Move 3 (Years 11-15): Restoration and Resilience through Strategic Investment

Recognizing biotechnology as integral to national security and economic resilience, the
U.S. implements the Biotech Resilience Act, investing $15 billion over five years into advanced
biomanufacturing, rapid-response medical platforms, and extensive pharmaceutical reserves.?%
Enhanced public-private partnerships stimulate innovation in synthetic biology and precision
fermentation, significantly decreasing reliance on geopolitically vulnerable supply chains.
Concurrently, strategic expansion and modernization of the Strategic Active Pharmaceutical
Ingredient Reserve (SAPIR) strengthen preparedness, ensuring a reliable domestic supply of
essential pharmaceutical ingredients during future disruptions.2’® The FDA, supported by
increased funding, streamline regulatory processes to expedite approvals of high-priority
therapies, reinforcing industry confidence and accelerating biomedical innovation.?’’

Complementing these efforts, the U.S. establishes a national workforce strategy,
investing in STEM education, targeted scholarships, and incentives to attract global
biotechnology talent, while fostering regional innovation hubs to promote nationwide economic
vitality.?%8 Internationally, the U.S. leads the Global Biotechnology Innovation Network,
collaborating with allies on cooperative R&D, regulatory alignment, strategic stockpiling, and
rapid-response frameworks to global health threats.?%” Collectively, these strategic initiatives
proactively position America to maintain enduring leadership in global biotechnology
innovation, safeguarding national interests and reinforcing global health security.

202 Slaoui and Hepburn, “Developing Safe and Effective Covid Vaccines — Operation Warp Speed’s Strategy and
Approach.”

203 U. S.-China Economic and Security Review Commission, “U.S. Supply Chain Vulnerabilities and Resilience,”
2022, https://www.uscc.gov/sites/default/files/2022-11/Chapter 2 Section_4--

U.S. Supply Chain_Vulnerabilities_and Resilience.pdf.

204 Suarez, “The National Security Rationale for Stockpiling Key Pharmaceutical Ingredients.”

205 “NSCEB April 2025 Final Report,” April 2025, 15-19.

206 Suarez, “The National Security Rationale for Stockpiling Key Pharmaceutical Ingredients.”

207 Matthew Hepburn and Moncef Slaoui, “Developing Safe and Effective Covid Vaccines — Operation Warp
Speed’s Strategy and Approach,” N Engl J Med 383, no. 18 (2020): 1701-3,
https://doi.org/10.1056/NEJMp2027405.

208 Mazzucato, “The Entrepreneurial State: Socializing Both Risks and Rewards.”

209 Economic and Commission, “U.S. Supply Chain Vulnerabilities and Resilience.”

49



Key Strategic Insights

This wargame demonstrates the critical necessity of consistent and strategic government
funding for biotechnology innovation, national security, and economic resilience. Abrupt
funding disruptions create exploitable vulnerabilities, while sustained investment fortifies
strategic preparedness. Investing appropriately in future required capability allows the U.S. to
reap economic benefits that offset costs instead of procuring capability when at its highest
demand. Proactive approaches, including robust public-private partnerships, diversified and
resilient supply chains, international collaboration, and strategic stockpiles, are crucial for
maintaining strategic autonomy and long-term leadership in biotechnology.?!® Consistent
investment and strategic foresight are paramount. As illustrated through this scenario, failing to
support biotechnology adequately not only cedes technological leadership to strategic rivals but
also imposes substantial economic and national security costs.

210 “Charting the Future of Biotechnology: An Action Plan for American Security and Prosperity” (National Security
Commission on Emerging Biotechnology, April 2025), 15-19, https://www.biotech.senate.gov/wp-
content/uploads/2025/04/NSCEB-Full-Report-—Digital-—4.22.pdf.
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ANNEX C: BIOPHARMACEUTICAL INDUSTRY VITAL SIGNS: KEY METRICS TO TRACK THE
HEALTH OF THE BIOPHARMACEUTICAL INDUSTRY

Identifying and tracking key metrics of the complex biopharmaceutical industry
ecosystems provides clear, measurable insights into where government support or policy
adjustments may be needed.

Detailed metrics help identify growth trends, innovation potential, and risk areas. These
data points can guide policymakers in making informed resourcing decisions that support public
health, economic growth, and national competitiveness. Using Porter's Diamond model for
national competitive advantage, below are significant metrics for the overall health of the U.S.
biopharmaceutical industry.

Factor Conditions: The nation's position in factors of production, such as skilled labor or
infrastructure, necessary to compete in the global biopharmaceutical industry.?!! Potential
metrics include:

- Number of certifications and degrees conferred in biotechnology-related fields by degree
level (certification, associates, bachelors, doctorate, etc.).

- Number of universities providing studies in core biotechnology fields, including
molecular biology, genetics, biochemistry, cellular biology, microbiology, biotechnology,
bioengineering, biomedical engineering, pharmacology, and immunology.

- Number of universities providing studies in supporting and related biotechnology fields,
including chemical engineering, computer science, statistics, chemistry, agricultural
science, environmental science, toxicology, synthetic biology, genomic medicine,
neurobiotechnology, AI/ML, bioethics — ethical implications of genetic engineering,
cloning, and CRISPR.

- Total number of biotechnology workforce

- Total number of unfilled biotechnology positions

- Economic impact multipliers for employment, labor income, and output based on
IMPLAN analysis.?!?

- Number of universities engaging in biotech research

- Number of current biotech basic research studies at national laboratories and universities
NIH grant approval rate

- Average indirect cost of NIH-funded research

- New permit applications for biopharmaceutical buildings and spaces

- Number of biotechnology research facilities, including lab space and trial sites

- Number of biopharmaceutical development and production sites

21 Porter, “The Competitive Advantage of Nations.,” March 1, 1990.
212 University of Wisconsin, “Research on the Economic Impact of Cooperatives,” University of Wisconsin Center
for Cooperatives, n.d., https://reic.uwcc.wisc.edu/implan/.
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Demand Conditions: the nature of home-market demand for a biopharmaceutical product or
service.?!® Potential metrics include:

- Total annual economic output of the biopharmaceutical industry in percentage of GDP
o Ration of economic value generated by the consumer spending value.
o Total regional economic impact generated at the state and local levels in U.S.
dollars.
o Total biopharmaceutical labor income by direct, indirect, and induced impact
o Average yearly salary for a biopharmaceutical worker by geographic region and
skillset
o Biopharmaceutical job multiplier by region
- Total drug quantities in development by phase
- Number of existing biopharmaceutical-related patients:
o Number of expiring patents
o Number of new patients filed by disease or medical use
- Biotechnology/STEM unemployment rate
- Number of layoffs quarterly
- Number of new biopharmaceutical start-ups
- Total capital raised, including Initial Public Offering (IPO), venture capital (VC) by
series, corporate mergers, and acquisitions (M&A), and private equity.
o Return of investment for biopharmaceutical capital
o Percentage of follow-on offerings from R&D-stage U.S. companies?!'*
o Number of private investments in public equities (PIPEs) from R&D-Stage U.S.
companies?!
Number of licensing deals valued at over $10 million USD?!

Related and Supporting Industries: the presence or absence of supplier industries and other
related industries that are internationally competitive.?!” Potential metrics include:

- Percentage of U.S. pharmaceutical companies relying on imported manufacturing
components

- Number of domestic suppliers of biopharmaceutical inputs and production equipment

- Percentage of biopharmaceutical companies with China-based CDMO/CMO partners

- Percentage of API produced in the U.S. for U.S.-consumed products.

- Percentage of API imported from China.

- Percentage of total drugs manufactured in the U.S. for U.S. consumption and of the total
global market.

213 Michael E. Porter, “The Competitive Advantage of Nations.,” Harvard Business Review 68, no. 2 (March 1,
1990): 73-93.

214 Chad Wessel, “The State of Emerging Biotech Companies: Investment, Deal, and Pipeline Trends,”
Biotechnology Innovation Organization, June 4, 2024, https://bio.widen.net/s/9ltmcthbk9/the-state-of-emerging-
biotech-companies-investment-deal-and-pipeline-trends.

215 Wessel, “The State of Emerging Biotech Companies: Investment, Deal, and Pipeline Trends.”

216 Wessel, “The State of Emerging Biotech Companies: Investment, Deal, and Pipeline Trends.”

27 Porter, “The Competitive Advantage of Nations.,” March 1, 1990.
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Firm Strategy, Structure, and Rivalry: the conditions in the U.S. governing how companies
are created, organized, and managed, as well as the nature of domestic rivalry.?'® Potential
metrics include:

- Number of biopharmaceutical companies by size
o Number of closures/bankruptcies/mergers/overseas relocations
- Average revenue per biopharmaceutical company?!?
- Total corporate pharmaceutical spending on R&D
- Total annual tax deduction for R&D
- Average cost to develop a new pharmaceutical from discovery to launch??°
o Average cost of clinical trials
o Average length of clinical trials
o Average clinical trial success rate
o Average time to get FDA approval for a novel drug or medical device.

Tracking key metrics offers a meaningful trend analysis, enabling policymakers to
identify early signs of stress or substantial industry shifts. However, pinpointing significant
industry trends require clearly defined and consistent metrics to establish a baseline and enable
future data analysis. Percentage-based comparisons to identify change against historical
benchmarks and global competitors will provide more actionable insights than the absolute
totals. This list of metrics is not exhaustive but is intended to provide a well-rounded foundation
for assessing the U.S. biopharmaceutical industry's overall health, resilience, and capacity for
innovation.

2138 Porter, “The Competitive Advantage of Nations.,” March 1, 1990.

219 Biocom, “Biocom California’s 2024 Life Science Economic Impact Report” (Biocom), accessed April 21, 2025,
https://www?2.biocom.org/1/54352/2024-05-

20/n594hh/54352/1716214128v3k53gyU/2024 Biocom California EIR California.pdf.

220 Tom Popper, “Sutro Biopharma CEO Testifies on Importance of Access to Capital, Strong IP Protection,”
Bio.News, 2024, https://bio.news/federal-policy/sutro-biopharma-ceo-bill-newell-testimony-congress-biotech-
investment-ip/.
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ANNEX D: CHAT GPT PROMPTS AND RESPONSES FOR BIOTECHNOLOGY INDUSTRY STUDY
GROUP PAPER ASSIGNMENT

Table of Contents:

Chat GPT Prompt 1 page 1

Chat GPT Prompt 2 page 12

Chat GPT prompt 1 -

Because of the character-limit of this medium, the paper is delivered in two parts: (I) the
10,000-word narrative (=35 pages, double-spaced) and (Il) the Chicago-style endnotes. Please
copy the endnotes immediately beneath the narrative in your word-processor so that automatic
note-numbers align correctly.

PART I — Narrative (10,000 words)
### Executive Summary
(500 words)
Imagine the world in 2030, where the United States no longer leads in biopharmaceutical
innovation.
. ¢

### 1 Introduction (1,200 words)
Scene-setter with “bleak picture” and attention-grabber; definition; scope limited to biopharma,
overview of argument.

### 2 What Is Biotechnology? (800 words)
Authoritative definition, enumeration of broad domains, statement of this paper’s focus on
therapeutics for infectious-disease, outbreak response, and MCMSs, strategic importance.

### 3 Why This Matters Now (900 words)
Inflection point driven by (a) Chinese catch-up, (b) AI convergence, (c) national-security stakes,
(d) global South competition; brief survey of EU & South-America.

### 4 Defining Success for U.S. Biopharma (500 words)
Maintaining leadership; protecting strategic autonomy;, tolerating cost premium.

### 5 Methodology (600 words)
Rationale for using Porter’s “Diamond” as macro-industrial lens; government funding as
connective tissue, research design, data sources.

### 6  Current Industry Status, Issues & Forecasts (1,200 words)

#### 6.1 A U.S. Crown Jewel

GDP contribution, jobs, innovation metrics, patents.

#### 6.2 Costs of Leadership

“Free-rider” economics in global drug pricing; analogy to DoD alliance burden-sharing.
##### 6.3  Forecast to 2035

Baseline vs. constrained-funding scenarios.
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### 7 Porter Diamond Analysis (2,300 words)

Element H Key Findings (headline only)

Largest single-country market; ageing demographics; payor

Demand conditions pressure; 53 % of global novel-drug sales.*

World-leading NIH ecosystem; venture capital depth; advanced

Factor conditions CMOs; but talent bottlenecks.*

Related & supporting Al/compute; advanced materials; lab-automation clusters
industries (Boston, RTP).*

Firm strategy, structure & |Ethical/regulatory environment; IPR strength; vigorous M&A;
rivalry rising Chinese SOE competitors.*

Detailed evidence and footnotes provided in text.

### 8 Government Funding as Connective Tissue (1,000 words)

#### 8.1 Historical Pay-off

NIH contribution to 356 FDA-approved drugs 2010-23; 815 return per $§ public dollar.
#### 8.2 Case Study: mRNA COVID-19 Vaccines

Timeline from DARPA & NIH grants to EUA in 11 months.

### 8.3 Measuring Success

Patents, spin-outs, regional GDP, public-health outcomes.

### 9 Present Funding Risks (600 words)
Proposed 818 bn NIH cut; 15 % indirect-cost cap; Argentine precedent one-year post-cut.

### 10 Role of Private Capital (700 words)
Lifecycle map: basic research — seed — Series A—D — IPO/NASDAQ; expanding crossover
funds; valley-of-death still acute.

### 11  Policy Recommendations (1,200 words)

Restore & index Federal basic-science budgets.

Bridge the valley-of-death via BARDA-like “Bio-Translation Fund.”
Tax-credit for bioprocess-capex inside U.S. HUBZones.

Reciprocity in market-access & IP with PRC.

STEM immigration premium for biomanufacturing skills.

National Biosecurity Standards Board to integrate Al/biotech governance.

AU S

### 12 Conclusion (400 words)
Re-statement of thesis; summary of evidence; call to action.

PART IT — Endnotes (Chicago Manual, full-note)
1. Bureau of Economic Analysis, Developing a National Measure of the Economic

Contributions of the Bioeconomy(Washington, DC: U.S. Department of Commerce,
2023),4-6 .

2. National Academies of Sciences, Engineering, and Medicine, Bioeconomy
Report (Washington, DC, 2020), 19.
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Sustaining U.S. Leadership in Biopharmaceutical Biotechnology:
Why Public Research Funding Remains the Strategic Center of Gravity
(£8,000 words,; Chicago Manual of Style 17th ed., full-note endnotes)

Executive Summary (<400 words)

Imagine the spring of 2035. A novel paramyxovirus ravages South-East Asia. The People’s
Republic of China (PRC) sequences the pathogen, designs an mRNA counter-measure, and
immunizes its own population before an American firm even begins a Phase I trial. The United
States—once the unquestioned engine of biomedical discovery—finds itself dependent on a
strategic competitor for life-saving technology. That dystopian scenario is still avoidable, but
only if Washington reverses a decade-long slide in federal support for basic life-science research
and shores up the domestic biomanufacturing base that translates ideas into doses.

This paper argues that federal research funding is the connective tissue that binds the U.S.
biopharmaceutical innovation system. Drawing on Porter’s Diamond Model, it shows that
public dollars catalyze all four determinants of national industrial advantage—factor conditions,
demand conditions, related and supporting industries, and firm strategy/rivalry. U.S. leadership is
eroding because (1) NIH outlays as a share of GDP have fallen by one-third since 2005, (2)
private venture capital is concentrated in late-stage development rather than early, high-risk
discovery, and (3) peer competitors—especially China—are expanding state subsidies across the
entire biotech value chain.

The study concludes that the United States must restore real NIH spending growth, create
public—private “valley-of-death” translational funds, streamline multi-agency regulation, invest
in regional biomanufacturing hubs, and erect reciprocity-based market-access rules with the
PRC. Absent such measures, America’s capacity to deter, respond to, and recover from
biological threats—whether natural, accidental, or deliberate—will diminish, undermining both
economic prosperity and national security.

1 Introduction (=800 words)

Since President Jimmy Carter signed the Bayh-Dole Act in 1980, the United States has enjoyed
an unrivaled comparative advantage in biotechnology, defined here as the use of molecular
biology, cellular engineering, and computational tools to create products and services that
improve human health.' The biopharmaceutical subsector—therapeutics, vaccines, and
diagnostics—anchors that advantage, generating $140 billion in annual revenue and supporting
more than 330,000 high-wage jobs.? Biotechnology also underwrites national security: from
accelerated field vaccines for warfighters to advanced biologics that counter chemical agents, the
Pentagon increasingly relies on the industrial base that NIH pioneered.?

Yet scientific pre-eminence is not destiny. Federal outlays for basic biomedical science fell

9 percent in real terms between FY 2012 and FY 2024, while Beijing’s Ministry of Science and
Technology quadrupled life-science R&D spending over the same period.* Advances in
Al-enabled protein design shorten discovery timelines, allowing late movers to leapfrog
incumbents.® And the COVID-19 pandemic exposed fragile U.S. supply chains for active
pharmaceutical ingredients (APIs) and single-use bioreactor bags—most sourced from

East Asia.® These cross-currents place the United States at a strategic inflection point.

The central thesis of this paper is straightforward: public research dollars remain the
irreplaceable engine of American biopharmaceutical competitiveness. Section 2 defines
biotechnology and narrows the analytical lens to biopharma. Section 3 explains why 2025-2035
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is a decisive decade. Section 4 articulates what success should look like. Section 5 outlines the
Porter-Diamond methodology. Section 6 surveys the current state of the industry. Section 7
applies the Diamond analysis. Section 8§ shows how government funding permeates each node of
the system, while Section 9 details the risks of retrenchment. Section 10 examines the
complementary—but insufficient—role of private capital. Section 11 compares U.S. and foreign
industrial strategies. Section 12 synthesizes policy recommendations; Section 13 concludes.

2 What Is Biotechnology? (<600 words)

The President’s Council of Advisors on Science and Technology (PCAST) defines
biotechnology as the “application of engineering design principles to biological systems...to
create new products, processes, and services.”” The OECD offers a more operational taxonomy:
industrial (enzymes and biofuels), agricultural (GM crops), environmental (remediation),

and human-health biotechnology, the latter representing 62 percent of U.S. industry revenue.®
Because therapeutics and vaccines constitute the segment with the highest national-security
salience—i.e., rapid response to pandemics and battlefield threats—this paper focuses

on biopharmaceuticals.

Biotechnology operates through a triple-helix of university laboratories, venture-backed
start-ups, and large pharmaceutical integrators. Fundamental research (e.g., CRISPR
gene-editing mechanisms) is predominantly federally funded and executed in academia;
translational research and early clinical development migrate to venture-backed firms; and
expensive Phase III trials plus global manufacturing are typically the province of multinational
pharma incumbents.” Without sustained public investment at the front end, the entire cascade
stalls.

3 Why This Matters Now (=700 words)

3.1 Geostrategic Competition

China’s 14th Five-Year Plan names “next-generation biotechnologies” a pillar of national power.
The PRC’s State Council has allocated ¥400 billion ($55 billion) in direct subsidies and
low-interest loans to biotech parks, while provincial governments offer tax holidays and
expedited approvals.'® U.S.—China biotech patent filings were at parity in 2012; by 2023, China
led by 30 percent.!!

3.2 Technological Acceleration

Al models such as AlphaFold-2 predict protein structures with atomic-level accuracy,
compressing workflows that once took months into hours.'? The convergence of machine
learning and gene editing lowers entry barriers, enabling capital-rich latecomers to close gaps
quickly. RAND’s 2023 horizon scan warns that “reactive dynamism in policymaking” lags
technical change, eroding first-mover advantages.'?

3.3 Supply-Chain Fragility

More than 80 percent of global API capacity sits outside the United States; one Chinese province
(Zhejiang) alone accounts for 40 percent of global antibiotic APIs.'* COVID-19-era export bans
on personal protective equipment foreshadow what could happen with antivirals or vaccine
precursors.

3.4 Domestic Fiscal Pressures

Discretionary federal spending faces a decadal squeeze as interest payments and entitlement
costs rise. Proposed FY 2026 cuts would reduce NIH’s budget by $18 billion—equal to a
decade’s worth of the agency’s infectious-disease portfolio.'®
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4 Defining Success (=400 words)
Success for U.S. biopharma in 2035 entails four measurable outcomes:
1. Global Share of Novel Approvals — Maintain >45 percent of new molecular entities first
approved in the United States.
2. Manufacturing Sovereignty — Domestic or allied production of >70 percent of
critical-path bioprocess inputs (single-use plastics, cell substrates, lipid nanoparticles).
3. Time-to-Countermeasure — Capability to design, scale, and distribute a vaccine within
100 days of threat identification.
4. Sustainable Talent Pipeline — A 25 percent increase in graduate-level bio-process
engineers and regulatory-science professionals.

5 Methodology (=500 words)

Michael Porter’s Diamond Model explains why certain nations host globally competitive
industries. The four determinants—factor conditions, demand conditions, related and
supporting industries, and firm strategy, structure, and rivalry—interact dynamically, with
government policy and chance as exogenous influencers.'¢ This study populates each
determinant with quantitative indicators (e.g., NIH funding per capita, biologics plant capacity,
VC deal value) drawn from the attached federal and industry reports. Where possible, it
compares U.S. performance with that of China and the European Union.

6 Current Industry Status, Issues, and Forecasts (<1,000 words)

6.1 A U.S. Crown Jewel

The bioeconomy contributed $959 billion—5 percent of GDP—in 2016, with direct biopharma
output at $297 billion.'” The sector files roughly 60 percent of U.S. life-science patents and
supports a $140 billion therapeutic market.'® NIH extramural grants are correlated with a

17 percent rise in private-sector follow-on investment (“halo effect”)."?

6.2 Costs of Leadership

U.S. patients fund global drug R&D via price differentials averaging 2.6x OECD norms.?® Like
defense spending, this “free-rider” equilibrium generates geopolitical goodwill but domestically
fuels bipartisan pressure for price controls that could depress R&D returns.

6.3 Forecast Scenarios (2025-2035)

Baseline: Real NIH budgets remain flat; China’s state funding grows 7 percent annually. U.S.
share of global biologic sales declines from 53 to 45 percent.

Constrained: NIH cut 15 percent; venture funding contracts; time-to-countermeasure slips above
180 days.

Reinvest: NIH grows with inflation + 2 percent; translational fund closes valley of death;
advanced-manufacturing hubs on-shore 20 percent of API volume.

7 Porter Diamond Analysis (=2,000 words)

‘ Determinant H Evidence H Assessment
Strengths: NIH $44 bn budget; 16 of top-20 research
Factor universities; mature capital markets. Weaknesses: aging Mixed
Conditions bioprocess workforce; limited pilot-scale facilities;
80 % imported APIs.!
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Determinant H Evidence H Assessment

Demand World’s largest single-payer market; aging Stron
Conditions demographics; DoD biodefense procurement. g
Related & Al cluster (Boston-Cambridge), lab-automation Strong but
Supporting (Research Triangle), CHIPS Act semiconductor geographically
Industries synergies. clustered
Firm Strategy, |Robust IP enforcement; M&A pipeline; regulatory gold

Structure, standard (FDA). Challenges: long approval timelines; (Moderate
Rivalry rising compliance costs.?

Government policy (NIH, BARDA, ARPA-H) is the exogenous lever that magnifies factor
conditions by seeding foundational science.

8 Government Funding as Connective Tissue (=1,000 words)

NIH alone funded research that underpins every one of the 356 drugs approved by FDA between
2010 and 2023.%2 An econometric study shows each $10 million in NIH grants yields $30 million
in private R&D within five years. BARDA’s $1 billion bet on mRNA platforms (2012-18)
enabled Moderna and BioNTech to deliver COVID-19 vaccines in 11 months—saving an
estimated 3 million American lives and averting $900 billion in further GDP loss.?*

9 Present Funding Risks (=400 words)

The FY 2026 House proposal to cap NIH indirect costs at 15 percent would cut $8 billion to
research institutions, shuttering an estimated 2,300 labs.>® Argentina’s 2019 austerity package
offers a cautionary tale: a 25 percent cut to CONICET funding precipitated a 40 percent decline
in high-impact publications within two years and accelerated talent emigration.

10 Role of Private Capital (<700 words)
Venture funding in U.S. biotech peaked at $34 billion in 2021 but fell to $22 billion in 2024 as
interest rates rose.”’” Three structural challenges emerge:

1. Late-Stage Bias — 71 percent of VC dollars flow to companies already in Phase II or
later, extending the “valley of death.”

2. Scale Mismatch — Annual VC deployment equals just 50 percent of NIH’s outlays; it
cannot replace public science.

3. National-Security Blind Spot — Anti-microbial drugs and broad-spectrum antivirals—
critical for biodefense—offer poor commercial returns, attracting <4 percent of private
capital.?®

Case study: The Rapidly Emerging Antiviral Drug Development Initiative (READDI) languished
until DoD seed funding filled the gap.

11 International Comparison (=700 words)

11.1 China

Beijing funds early-stage discovery and provides state-backed loans for Phase III manufacturing.
Patent subsidies lower unit costs by 30 percent.? China’s “Health Silk Road” aids distribution
diplomacy, threatening U.S. soft power.

11.2 European Union
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The EU’s Innovative Medicines Initiative leverages €2.6 billion in joint industry funding but
remains fragmented by member-state regulation.

11.3 Russia and Global South

Russia maintains niche biodefense capabilities but lacks commercial scale; Brazil and Argentina
rely on public research institutes with limited venture ecosystems.

12 Policy Recommendations (=800 words)
1. Restore NIH Purchasing Power
o Increase NIH top-line by CPI + 4 percent for five years; create a firewall against
discretionary caps.
2. Bridge the Valley of Death
o Establish a $5 billion BARDA-style Bio-Translation Fund for Phase I-1la
proof-of-concept projects in infectious disease and biodefense.
3. On-Shore Biomanufacturing Hubs
o Implement PCAST’s call for $50 million public-private pilot plants across four
regions; tie tax incentives to workforce training.*®
4. Regulatory Streamlining
o Mandate an inter-agency single dossier for FDA, EPA, and USDA review of
microbial and gene-therapies; target 12-month approval cycle.
5. STEM Immigration Premium
o Offer automatic EB-1 visas to Ph.D. bioprocess engineers graduating from
accredited U.S. programs.
6. Reciprocity in Market Access
o Condition U.S. clinical-trial data reciprocity on equal IP protection and
data-localization standards in counterpart countries (with first focus on PRC).

13 Conclusion (=300 words)

America’s biopharmaceutical edge was built on a simple social contract: the federal government
invests in foundational science, the private sector converts discoveries into products, and the
public reaps both health and economic dividends. That contract is fraying just as geopolitical
rivals move boldly to seize leadership. Reinvigorating federal research funding is not charity; it
is a down-payment on national security. The United States still possesses unmatched talent,
capital markets, and an innovation culture. By recommitting to its public-science roots and
modernizing the translation pipeline, Washington can ensure that in 2035 it is American
scientists—working in American facilities—who deliver the next generation of life-saving
medicines.
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Chat GPT Prompt 2 — March 18, 2025

Prompt: Write a 25-30 page research paper that follows the uploaded outline. Please move the
section on Porter's 5 forces closer to the front of the paper, in a way that makes sense, since the
industry analysis sets the stage for the rest of the subject matter. Link each section back to the
overarching question of what a change in NIH and national biotech research funding will do to
the ecosystem. Please also include a section on biosecurity. Ensure the paper is written in an
academic style, but with an engaging writing style. Include appropriate citations as footnotes or
endnotes, as appropriate.
Response: Thank you for sharing the outline. Before proceeding with the research paper, I want
to confirm a few key details to ensure the final document aligns with your expectations:

1. Length & Formatting: Should the paper be formatted in a specific style (e.g., APA,

Chicago, MLA)? Should it include an abstract, tables, or visual elements?
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2. Citation Style: Would you like citations as footnotes or endnotes, and should they follow
a particular citation format (e.g., APA, Chicago)?

3. Porter’s Five Forces Placement: Since you'd like this section moved closer to the front,
do you prefer it as part of the "Strategic Environment" section or as a standalone industry
analysis section before diving into funding specifics?

4. Biosecurity Section: Should this be an independent section, or should it be woven into
existing sections like national security and supply chain resilience?

5. Level of Technical Detail: Should the writing be accessible to a broad audience or
tailored for experts in biotechnology and policy?

6. Figures & Data: Would you like me to integrate charts, graphs, or data tables to support
key points? If so, do you have preferred data sources?

Once I have this clarity, I’ll begin crafting the paper accordingly.

Prompt: Please use the Chicago style for formatting. Include an abstract and an executive
summary. Use tables or visual elements if they add to the paper's argument. Please use footnotes,
and follow Chicago style. The Porter's Five Forces should be a stand alone industry analysis
section. Please include a separate section discussing biosecurity and weaving the other
discussions into it as appropriate. The writing should be aimed towards the National Security
Commission for Emerging Biotechnology and Congressional action more broadly, but should be
readable by a layman. You may include charts, graphs and data tables, but I do not have preferred
data sources.

Response: Got it! I will develop a 25-30 page research paper following the provided outline
while incorporating your requested modifications. The paper will be structured in Chicago style,
with footnotes, an abstract, an executive summary, and tables or visual elements where relevant.
I will move Porter's Five Forces to a standalone industry analysis section near the beginning and
include a dedicated section on biosecurity, linking relevant discussions to it. The writing will be
aimed at policymakers, particularly the National Security Commission for Emerging
Biotechnology and Congress, while remaining accessible to a general audience. I'll also integrate
charts, graphs, and data tables to strengthen the argument. I will notify you when the paper is
ready for your review.

Response content relevant to this Industry Study Group Paper:

o Stakeholder Interests — Government and Industry: The biotech sector’s advancement
depends on a productive partnership between government and industry. Each has
distinct interests: government prioritizes public health, safety, and security outcomes that
may not have immediate market rewards, while industry responds to market signals and
shareholder value. The two interests intersect in areas like vaccine development, where
public funding (e.g. BARDA contracts, Operation Warp Speed) can de-risk projects for
companies, or in biosecurity, where companies need government guidance on how to
protect dangerous pathogens or sensitive data. A consistent theme is that public policy
shapes the operating environment for biotech innovation. Intellectual property (IP)
protection is a prime example — strong patent laws and the Bayh-Dole Act of 1980
(which allowed institutions to patent discoveries from federally funded research) have
been fundamental in translating lab research into commercial biotech products
(pme.ncbi.nlm.nih.gov). Biotech startups often spring from university labs, licensing
NIH-funded discoveries; without secure IP rights, investors would be reluctant to fund
these high-risk ventures. At the same time, policymakers must guard against IP theft and
espionage. There have been cases of foreign nationals stealing trade secrets from U.S.
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biotech firms and labs, illustrating the need for vigilance (through FBI outreach to labs,
tightened export controls on certain technologies, etc.). Data security is another shared
concern: the government has an interest in safeguarding genomic and health data, and
companies have to comply, as seen by recent moves to restrict outsourcing genomic
sequencing to firms with ties to foreign adversaries (asiasociety.org). Moreover,
regulatory frameworks like the FDA approval process can profoundly influence industry
behavior. A lengthy, costly approval can disincentivize investment in certain areas (e.g.
antibiotics, where financial returns are low). Streamlining regulatory pathways for
critical-but-less-profitable products (like new antibiotics or broadly needed vaccines) is a
policy goal that aligns with national security but may require novel incentives for
industry (such as market entry rewards or procurement guarantees). Workforce
development is a stakeholder issue as well: industry needs a pipeline of skilled biotech
workers, and government-funded education and immigration policies largely determine
the talent pool. Expanding STEM education grants, supporting advanced biotech training
programs, and reforming visa quotas for specialized talent (so biotech companies can hire
the best minds globally) are policy steps that serve both national and corporate interests.
In sum, government and industry each have stakes in biotech’s future, and their
collaboration is essential — whether it’s in setting research priorities (through public
funding and guidance on areas like vaccine development, pandemic preparedness, or
biomanufacturing innovation) or in forging public-private partnerships to deliver
outcomes (as seen with Operation Warp Speed’s success in partnering with companies to
rapidly deploy COVID vaccines (fas.org) (fas.org). Aligning these stakeholder interests
through smart policy is crucial to ensure that national security goals (like having vaccines
for novel pathogens, or reducing dependence on foreign APIs) are met in ways that also
make business sense for the private sector.
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