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Abstract 

The Defense Advanced Research Projects Agency (DARPA) in the United States (US) funds risky, 
visionary projects that aim to push the boundaries of current technologies. In biotechnology this has 
resulted in critical new medicines and vaccines. DARPA has been instrumental in funding nucleic 
acid-based technologies to fight the COVID-19 pandemic, resulting in the first vaccine and 
therapeutic authorised for COVID-19 (Moderna’s mRNA-1273 and AbCellera/Eli Lilly’s 
bamlanivimab, respectively). DARPA funded these technologies before SARS-CoV-2 even 
emerged. DARPA’s model of innovation could pave the way for more advancements in 
biotechnology in the future. However, DARPA is underleveraged and financialised biopharma 
companies have taken government funding to pocket profits for shareholders and executives. Much 
of this public investment has missed opportunities to be mission-oriented and to co-shape markets 
to design innovation around health programmes in a purpose-oriented approach to focus on 
innovation, and access to medicines and vaccines. For example, Moderna’s share prices have risen 
~500% since 2020. Additionally, Moderna executives have sold over $800 million in shares since 
2020, pocketing record compensation packages. In April 2021, US President Joe Biden called for 
the creation of a DARPA agency for health — what he named ‘ARPA-H’ (Advanced Research 
Projects Agency for Health). ARPA-H was formed in April 2022, but was formed under the National 
Institutes of Health (NIH) and with a fraction of the budget President Biden requested from 
Congress. Here we give recommendations to steer the new agency towards better health 
innovation. To both accelerate innovation while limiting biopharma companies’ profit-taking from 
government funding, ARPA-H should incorporate the following approaches to innovation in health: 
(1) incorporate an extended pipeline model of innovation as DARPA does; (2) take a mission-
oriented approach to fill gaps in biomedical innovation; (3) fund radical innovation; and (4) create 
conditions on technologies to control drug prices and access. It is critical that ARPA-H accelerates 
biomedical innovation and it is an opportunity to place much stronger emphasis on public health 
needs, broaden access to technology, lower pricing, enhance knowledge transfer and connect 
procurement at an international level.  
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1. Introduction 
Biopharma innovation is a highly complex process that requires long-term financial commitment. 
Much of this long-term commitment comes through public investment. This investment not only 
funds early-stage research, but also, as observed with COVID-19 treatments and vaccine R&D, 
directly funds businesses and large corporations to bring new treatments through financing 
clinical trials and manufacturing. However, much of this public investment has missed 
opportunities to be mission-oriented and co-shape markets to design innovation around health 
programmes in a purpose-oriented approach to focus on innovation, and access to medicines and 
vaccines. 

The COVID-19 pandemic has revealed both the promise of accelerated biopharma innovation and 
the importance of governments in the financial support and acceleration of biomedical research 
and development. The Moderna and Pfizer/BioNTech mRNA COVID-19 vaccines demonstrate 
that mission-oriented innovation agencies can enhance the role of the state in coordinating public 
and private sectors. The underlying technology of mRNA has a long history of public funding for 
research; research behind the mRNA in COVID-19 vaccines can be traced back to NIH funding in 
the 1990s. Since then, several governments have invested billions of research funding into mRNA 
vaccines.  

One of the other agencies that supported the underlying technology behind the mRNA vaccines is 
DARPA, which was formed in 1958 during the space race to give the US military a technological 
edge over its enemies (Mervis 2016). While the agency initially focused on space and missile 
defence, DARPA is well known for its role in broad, revolutionary technological innovation in the 
last 60 years: DARPA has paved the way for the modern Internet (initially known as ‘ARPANET’), 
touch-screen technology and miniaturised GPS devices (Mazzucato 2013b). DARPA has a unique 
model for innovation that has distinguished itself from other government agencies to pave the way 
for radical innovation. DARPA has an ‘extended pipeline’ model of innovation that focuses on 
outcomes and development instead of just early research (Bonvillian et al. 2019).  

In 2014, the US Department of Defense (DOD) created the Biology Technology Office (BTO) at 
DARPA, which extended DARPA’s focus on technological innovation to biotechnological 
innovation (Laursen 2014). The BTO has rapidly invested in biotechnology infrastructure, with 
programmes such as the Living Foundries programme that aims to allow versatile, large-scale 
production of molecules. BTO has other initiatives, such as the Battlefield Medicine programme, 
that would provide on-demand manufacturing of therapeutics. 

Although DARPA’s contributions to biotechnology and medicine have already generated 
enormous success, its focus is still defence, and its BTO budget remains vastly low compared to 
DARPA’s and DOD’s budget. A standalone agency with a DARPA-like model and larger 
investment should be created for biotechnology to build an Advanced Research Projects Agency 
for Health (ARPA-H). Mazzucato and others have called for a similar entity; a health version of 
DARPA, i.e. a Health Advanced Research Projects Agency (HARPA) (2018). While the NIH is 
critical in funding basic science research, it inherently lacks DARPA’s boldness and risk appetite 
for innovation. ARPA-H should take a similar approach as DARPA in this innovation model where 
NIH-funded research has gaps. Like DARPA, ARPA-H should have autonomous programme 
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managers that work closely with companies and organisations to monitor progress towards 
project outcomes and ensure success. They can choose to fund radical innovation under the guise 
of a mission-oriented approach.   

An ARPA-H agency was first proposed by Dr Geoffrey Ling, founder and former director of the 
DARPA Biology and Technology Office and was expanded by Mazzucato in The people’s 
prescription (2018). Such an organisation is realistic in the US and has drawn bipartisan support. 
In his address to Congress in April 2021, President Joe Biden called for the creation of a DARPA 
agency for health — ARPA-H (Biden 2021). Biden committed $6.5 billion to this agency in his 
budget proposal. However, in March 2022, Congress authorised $1 billion for the creation of an 
ARPA-H entity. This was a fraction of the budget Biden requested, and the agency will reside 
under the NIH. More details around the creation of this organisation remain unclear, e.g. its 
mission, organisation and execution.  

In this paper, we dive into DARPA’s current innovation model and review how it is unique 
compared to other federal science agencies. We look at how DARPA has shaped biotechnology 
innovation and has played a particularly key role in the tools currently being used against 
pandemics and COVID-19. Then we look at the problems of federally supported, financialised 
biopharma companies that have taken advantage of federal funding to make profits for 
shareholders and executives, using Moderna as a case study. 

We propose steps the novel ARPA-H agency can take, expanding on Biden’s current proposal 
and offering unaddressed key areas to fix certain issues in radical mission-oriented innovation. 
There is a major gap in current federal agencies that an ARPA-H would fill for biotechnology in an 
extended pipeline innovation model. Such an agency, even nested within the NIH, could be 
equipped with a much larger budget than DARPA’s BTO and could be instrumental in building the 
future of biotechnology and medicine. We propose that a new ARPA-H agency should incorporate 
the following approaches to innovation in health: (1) an extended pipeline model of innovation, like 
DARPA’s; (2) a mission-oriented approach to fill gaps in biomedical innovation; (3) funding for 
radical innovation; and (4) conditions on technologies to control drug prices and access. 

The COVID-19 pandemic illustrates the need for regulation of biopharma companies to prevent 
them from prioritising shareholders over patients — especially after receiving significant public 
funding. It is critical that government programmes are designed to meet the public health purpose 
to place much stronger emphasis on public health needs, broaden access to technology, lower 
pricing, enhance knowledge transfer, and connect procurement at an international level. Building 
the future of medicine requires bolder thinking and more appetite for risk, which ARPA-H could 
achieve in contrast to what the NIH could achieve alone. ARPA-H could take emerging science 
and create new biotechnologies and medicines in the same way that DARPA has successfully 
shaped new markets. It also can do so affordably and responsibly to ensure access to novel 
medicines.  
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2. DARPA’s role in biopharmaceutical innovation 

2.1 DARPA’s differentiated innovation model 

One of the keys to DARPA’s success in shaping technical innovation is that it does not fund 
existing technologies but helps to create new technologies. One can view DARPA as having a 
mission-oriented approach in which DARPA not only fixes markets, but it actively creates new 
markets (Mazzucato 2018a). Indeed, DARPA turns new emerging research to create disruptive 
capabilities. DARPA often starts by defining strategic problems, sets a specific concept or 
technical approach, then seeks teams to explore or develop it (Fuchs 2010). The Internet resulted 
from a DARPA initiative that re-imagined the concept of computers and how they could be 
utilised. Later in this paper, we talk about how DARPA re-imagined how mRNA could be used for 
rapid vaccine development. In short, DARPA’s active mission-oriented approach to innovation 
uniquely differs from other federal agencies by helping to create new technologies and new 
markets. 

DARPA’s innovation model is unique in government and industrial innovation. Various models in 
research and development (R&D) innovation systems have been described in the literature 
(Bonvillian 2018, Bonvillian and Weiss 2015), but two contrasting models of innovation 
predominate state-driven innovation in the US specific to scientific and biopharma R&D: (1) the 
innovation pipeline model and (2) the extended pipeline model. These models primarily differ in 
the focus on ‘front-end’ or ‘back-end’ innovation. Front-end innovation — in the context of 
biopharma and scientific R&D — focuses on basic biology, drug discovery, and target discovery 
and validation. In contrast, back-end innovation in biopharma can describe the later stages of drug 
development: drug candidate optimisation and selection, clinical development and 
commercialisation.  

In the innovation pipeline model — a model that is based on work by Vannevar Bush in which he 
proposed increased public funding for basic research conducted at universities and medical 
schools (Bush 1945) — invention and innovation flow into innovation system’s front-end research. 
This focuses on basic science research, drug discovery and drug target discovery. This model of 
innovation has predominated in US federal science agencies such as the NIH, National Science 
Foundation (NSF) and others. In recent decades, the biopharma industry has relied on this type of 
model to find drug candidates and drug targets then licenses them for development.  

Before the 1980s, almost all drug discoveries took place inside traditional pharma companies 
(Shepherd 2018). Leading into the 1980s, NIH-funded universities played a key role in the 
innovation process, but were only key in the diffusion of knowledge — and this knowledge was a 
public repository from which industry freely drew (Gambardella 1995, Nelson 1986). This 
knowledge base included substantial advances in genetics, physiology, biochemistry and cell 
biology, from the 1950s to the 1980s, which led to a much better understanding of diseases and 
drug targets (Gambardella 1995). Universities funded by the NIH played a key role in this shift: 
universities contributed to the knowledge upon which pharma companies innovated. The passage 
of the Bayh-Dole Act of 1980 in the US transformed the monetisation of IP and the innovation 
model in biopharma. The act encouraged universities to patent their IP — funded by front-end 
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innovation from the NIH and other government research agencies — and take steps to 
commercialise it via biopharma companies (Pisano 2006). This set the stage for technology 
transfer from universities to enable federally funded research to be commercialised. This 
accelerated the formation of biotech companies that could license a commercialisable asset from 
a university. However, this model of university- and NIH-driven research focused on the earliest 
stages of drug discovery and biological systems.  

In contrast, DARPA has an ‘extended pipeline’ model of innovation that focuses on both research 
and outcomes (in the case of pharma — development) instead of just early research (Bonvillian et 
al. 2019). This model aims to integrate both front-end and back-end innovation. This allows not 
only support for front-end research, but also its development and implementation. This allows 
support for the ‘valley of death’ phase of funding, which refers to the lack of government or 
venture capital funding between early-stage research or discovery and later-stage drug 
development (Bonvillian 2018).  

One of the biggest distinguishing factors is that it has a large appetite for risk and acceptance of 
failure; DARPA focuses on impact instead of risk. Second, DARPA has a lean structure that 
encourages risk taking. A key driver of success for this model is DARPA’s creation and reliance 
on programme managers through a non-bureaucratic structure. These programme managers 
often have a short tenure and have significant autonomy; they are encouraged to challenge 
existing ideas and focus on delivering results. In summary, DARPA takes a ‘high risk/high payoff’ 
approach that is optimised for managing risk. Figure 1 shows the how the innovation pipeline 
model and extended pipeline model contrast in the innovation process of biopharma development. 

 

Figure 1. Innovation vs. extended pipeline models of innovation in biopharma drug development 

 
Source: Authors’ own illustration 
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One of the keys to DARPA’s success in shaping technical innovation is that it does not fund 
existing technologies, but helps to create new technologies. One can view DARPA as having a 
mission-oriented approach in which DARPA not only fixes markets, but it actively creates new 
markets (Mazzucato 2018a). Indeed, DARPA turns new emerging research to create disruptive 
capabilities. DARPA often starts by defining a strategic problem, sets a specific concept or 
technical approach, then seeks teams to explore or develop it. The Internet resulted from a 
DARPA initiative that re-imagined the concept of computers and how they could be utilised. 

In the next section, we give some examples of DARPA’s projects in biopharma and how they have 
been essential in creating vaccines and other therapeutics for the COVID-19 pandemic. 

2.2 DARPA’s projects in advancing innovation in biopharma 

DARPA’s investment in technology extends far beyond defence projects. DARPA has funded 
myriad projects that are advanced biotechnology and synthetic biology: it is funding projects for 
tissue regeneration (such as the Bioelectronics for Tissue Regeneration (BETR) and Biostasis 
projects), bioengineered mosquito repellents (the Revector programme) and a number of 
advanced neurotechnology initiatives to advance brain-computer interfaces (e.g. the Neural 
Engineering System Design (NESD), Hand Proprioception and Touch Interfaces (HAPTIX), 
Targeted Neuroplasticity Training (TNT) and Next-Generation Nonsurgical Neurotechnology (N3) 
programmes). DARPA also is funding futuristic projects through the Engineered Living Materials 
(ELM) programme, such as bioprintable airplane runways that can be grown in low-resource 
settings in the world.  

While these projects may seem futuristic or impossible with today’s existing technology, they have 
broad applications in biotechnology and medicine, such as faster vaccine development, more 
sensitive and broader diagnostics, rapid manufacturing of drugs, better therapeutics, and improved 
prosthetics and neurotechnology for injuries. Together, these initiatives have the potential to 
advance or even transform many aspects of biotherapeutics. See Table 1 for a summary of 
DARPA’s projects in biotechnology and their applications in biotechnology. 

 

Table 1. A summary of DARPA’s projects in biotechnology and their applications in biotechnology 

Pandemic prevention 

Example 
programmes  

 Pandemic prevention 
 Rapid vaccine and therapeutics manufacturing 
 Zoonotic disease monitoring and pandemic prevention 
 Mitigation of viral pathogen mutations 

Technologies 
involved 

 Nucleic acids as vaccines 
 Nucleic acid manufacturing 
 Genetic surveillance and next-generation sequencing 
 Genetic engineering and advanced computational methods 

Applications  Rapid manufacturing of therapeutics and vaccines 
 Faster vaccine development 
 Rapid response to emerging pathogens and pandemics 
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 Pandemic prevention 

Commercialised 
products 

 A nucleic acid-based vaccine from Moderna for COVID-19, Spikevax 
 First antibody (bamlanivimab from AbCellera/Eli Lilly) authorised for 

COVID-19 in the US 

Pathogen detection, diagnosis or prevention 

Example 
programmes: 

 Rapid pathogen detection 
 Threat exposure detection 
 Environmental control of gene editing 
 Pathogen biosurveillance 

Technologies 
involved 

 Gene editing 
 Epigenomics 
 Engineered living detection and therapy 
 Genetic editing and genome engineering 
 Chemical and biological detection 

Applications  More sensitive and broad diagnostics for diseases  
 Advanced diagnostics  
 Infectious disease diagnostics and therapeutics  
 More precise genome editing tools for medicine 
 Infectious disease diagnostics  

Example products 
in development 

 Mammoth Biosciences: CRISPR-based diagnostics and biosurveillance 
technologies against varied disease threats  

 Kromek: technology to detect and identify pathogens in an urban 
environment 

Manufacturing 

Example 
programmes: 

 Living Foundries 
 Battlefield medicine 
 Biomanufacturing 

Technologies 
involved 

 Cell engineering 
 Genome editing 
 Machine learning 
 Advanced manufacturing 
 Biomanufacturing 

Applications  Manufacture existing molecules with living systems   
 Rapid manufacturing of small molecule drugs and biologic medicines 
 Provide advanced biomaterials for low-resource settings 

Example products 
in development 

 Zymergen: molecules produced from living organisms  

Biotherapeutics 

Example 
programmes: 

 Tissue regeneration 
 Therapeutics for trauma and sepsis 
 Therapeutics for adapting to new environments 
 Mosquito repellents 

Technologies 
involved 

 Polymer chemistry 
 Protein engineering 
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 Engineered living therapy 
 Biochemical or biophysical stimulation of body tissue in combination with AI 

 

Applications  Wound healing and tissue repair 
 Longer shelf-life of temperature-sensitive therapeutics (e.g. blood products, 

enzyme preparations, drugs) 
 Treating aging-related diseases 
 Engineered therapies for circadian rhythm disruption and certain pathogens 
 Better mosquito repellents 

Example products 
in development 

 Ginkgo Bioworks and Azitra Inc: bioengineered mosquito repellants 

Neural engineering 

Example 
programmes: 

 Neural engineering 
 Sensory interfaces with devices 
 Restoring memory 
 Nonsurgical brain-device interface 

Technologies 
involved 

 Neuroscience, photonics and low-power electronics 

Applications  Therapeutics for brain-related injuries or sensory deficits 
 Improved prosthetics 
 Devices for brain-related injuries  
 Better understanding of memory formation in the brain 
 Enhanced human learning 
 Potential for neural interfaces for brain-related injuries or other devices 

Commercialised 
products 

 Blackrock Microsystems and Northwestern University: implantable device to 
restore circadian rhythm (e.g. jetlag) 

Source: https://www.darpa.mil/our-research 

Given the large risk involved in advancing biotechnology innovation, a DARPA-like model is a 
perfect driver for advancing biotechnology. DARPA is able to take on the major risk of the large, 
unknown areas of biology needed to advance innovation. 

2.3 DARPA’s role in the COVID-19 pandemic 

One of DARPA’s critical investments has been pandemic prevention and this has delivered clear, 
successful results. DARPA has been working on innovative rapid pandemic countermeasures 
since 2013. DARPA founded the Pandemic Prevention Platform (P3) in 2017, which focused on 
developing RNA or DNA as a vaccine or antibody against a pathogen. DARPA understood that 
using nucleic acids for vaccines or therapeutics allows for less time between design and clinical 
testing. Figure 2, adapted from DARPA, shows the strategy for rapid pandemic protection under 
the P3 programme (DARPA 2018). 
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Figure 2. DARPA’s pandemic prevention platform (P3) 

Source: DARPA. Pandemic Prevention Platform (P3). https://www.darpa.mil/news-events/2018-02-22 

This work funded Moderna Inc. with $25 million in 2013 to develop RNA-based therapeutics to 
protect against pathogens. DARPA also released a programme in 2019 called the Nucleic acids 
On-demand Worldwide (NOW) programme that sought to provide manufacturing capabilities to be 
able to rapidly produce nucleic acids as vaccines or therapeutics. Moderna received another $56 
million in 2020 under the NOW programme to develop a rapid vaccine manufacturing platform. 
The historical investment in Moderna’s RNA platform directly helped with its development of a 
vaccine for COVID-19 and Moderna has one of the first FDA-authorised vaccines for COVID-19 
with an Emergency Use Authorization (EUA) issued on 18 December 2020. Moderna’s DARPA-
funded technology extends much more broadly than COVID-19, as the company has mRNA-
based therapeutic candidates in development for Cytomegalovirus, Zika, influenza, Chikungunya 
and many other diseases. 

A second example from DARPA’s P3 programme is the investment in AbCellera that resulted in 
the first antibody authorised by the FDA for COVID-19, bamlanivimab (LY-CoV555). DARPA 
funded AbCellera through the P3 programme in January 2020 to develop antibodies against 
emerging pathogens. In May 2020, AbCellera announced an agreement with Eli Lilly to discover 
and develop antibodies for COVID-19 therapeutics. Eli Lilly first received an EUA for 
bamlanivimab for COVID-19 on 9 November 2020 for treating mild to moderate COVID-19 in 
patients ≥12 years of age at risk of progressing to severe COVID-19. Figure 3 shows how 
DARPA’s role has created therapeutics and vaccines against COVID-19.
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Figure 3. DARPA’s programmes that resulted in COVID-19 vaccines and therapeutics 

 
Source: Authors’ own illustration. DARPA logo sourced from: darpa.mil 

Together, these two milestones showcase the successful execution of DARPA’s vision and 
extended pipeline innovation model: to create rapid-response platforms that can design and 
deploy nucleic acid-based vaccines and therapeutics. While originally intended for military 
applications, the results obviously resulted in vaccines and therapeutics relevant for everyone on 
the planet. Once considered technically infeasible with issues of manufacturing and delivery to the 
body, mRNA technology has now demonstrated proof of concept as a novel therapeutic class of 
drugs and vaccines. Investment in risky technologies is a hallmark of DARPA’s investment 
strategy — and was successfully executed in this case. 

 

3. Problems with DARPA’s current model of innovation  
for health 

3.1 DARPA limitations 

By nature, DARPA’s focus is on defence not public health. The organisation was designed to 
provide innovation for military purposes and only recently, with the creation of DARPA’s BTO, has 
it funded biotechnology. The key focuses of DARPA’s activities related to biotechnology are 
military applications and protecting military personnel. Many of the programmes geared to 
defence may have positive spillovers to biotechnology, and many of these will be key as biology 
increasingly becomes integral to advancing medicine and therapeutics. A standalone agency 
devoted to health could be solely devoted to radical, mission-oriented health innovation, as we 
outline in Section 4.  

DARPA’s biotechnology programme is significantly underfunded — based on a review of 
DARPA’s budget, in 2020 its annual budget was $356 million for biotechnology projects a year 
(Figure 4). While the programme has had enormous success for such a small budget, DARPA’s 
BTO budget is a fraction of the NIH’s $36 billion annual budget.
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Figure 4. DARPA biotechnology budget 2018-2020 

 
Source: DARPA: https://www.darpa.mil/about-us/budget 

And finally, DARPA has made very few stipulations about financial gain from the projects it funds. 
In the context of biopharma, it has no conditions on its contributions to developed biotechnology 
when it comes to pricing drugs, governing patents or distributing returns to shareholders 
(Mazzucato 2018b). DARPA is able to, through its ‘other transactions authority’ and the Bayh-Dole 
Act, exercise federal government march-in rights to DARPA-funded technology, but has rarely 
done so (Kuyath 1994). A new agency that is devoted to health innovation could have more 
authority on determining access and price for new medicines created from its funding. 

3.2 Financialisation in government-funded biopharma innovation 

‘Financialisation’ is a relatively new term that emerged in the 1990s to describe the growing 
influence of finance throughout the economy. Financialisation resulted in a split between the real 
and financial economies (Mazzucato 2013b, Mazzucato 2015, Phillips 1994). Empirical studies of 
financialisation have revealed similar macro trends in biopharma to that of other industries: (1) 
increases in debt; (2) rise of intangible assets; and (3) growth of payouts to shareholders. Two 
predominant streams of financialisation at the meso/micro level have been characterised in 
biopharma, both from a corporate governance ideology of maximising shareholder value (MSV) as 
well as from the financial institutions that capitalise the biopharma companies. MSV ideology is 
driven by creating ‘shareholder value’ and is characterised by the prioritisation of share value over 
the general efficiency of the productive system. An MSV-driven firm aims to return capital back to 
shareholders instead of re-investing returns in R&D and productivity.  

The biopharmaceutical industry is a particularly financialised industry with significant share 
repurchases, rises in drug pricing, and a focus on delivering returns to shareholders and venture 
capital, which is driven by short-term returns. These forces create an inevitable tension between 
innovation and return for shareholders, and a financialised biopharma model may have numerous 
negative consequences for society:  
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1. Prioritising shareholders may hinder the innovation process for delivering medicines to 
patients; 

2. Manager-driven capitalism is often at odds to patients’ interests;  

3. Rising drug costs benefit shareholders and may limit access to patients;  

4. Short-termism of capital that dominates biopharma is often at odds with the long-term horizon 
of drug development; and  

5. Many of the medicines developed by biopharma companies originated in government-funded 
research. 

3.2.1 Financialised corporations 

First, prioritising shareholders may hinder the innovation process for delivering medicines to 
patients. An integrated approach to innovation in biopharma would prioritise delivering value to 
patients in the form of medicines, while a financialised approach in biopharma prioritises delivering 
value to shareholders (Gleadle et al. 2014). Instead of reinvesting income into research and 
development (despite the claim that high drug prices are justified to fuel R&D), many larger 
biopharma companies instead invest accumulated capital into buying back their own shares or 
distributing dividends to shareholders (Lazonick 2016, Roy et al. 2016). From 2005 to 2014, for 
example, the 18 pharmaceutical companies in the S&P 500 Index spent $226 billion 
repurchasing their own shares, which is equivalent to 51% of their combined R&D expenditures 
during that period (Lazonick 2016). Moreover, R&D productivity has been declining: there has 
been a steady decline in productivity measured by looking at the number of new NMEs (new 
molecular entities) approved by the FDA as a function of spend on R&D. This is in part due to the 
reorienting of investments toward high-risk/high-premium targets (Pammolli et al. 2011). This is 
indicative of MSV ideology, which prioritises earnings over value to patients. 

Second, a systemic problem across biopharma is that incentives are too closely aligned between 
management and shareholders; by selling shares of the companies and leveraging their own 
compensation packages, many pharma executives are able to buy shares from themselves and 
increase the value of their and other shareholders’ shares. Put another way, pharma executives’ 
incentives are not aligned with those of patients. While MSV-focused strategies benefit 
shareholders, they extract value from the biopharma innovation process (Mazzucato 2018c), and 
benefit venture capitalists and institutional investors over the intended beneficiary of value: 
patients. 

Third, drug prices continue to drastically rise to the detriment of those paying and patients. Many 
pharmaceutical companies have insisted that the dramatic rise in drug prices funds innovation, 
and is necessary for R&D due to the high risks and high rate of drug failures (Lazonick 2016, 
Mossinghoff 1999). However, no empirical research supports this (Lazonick 2016), yet drug 
prices continue to drastically rise: from 2013-2015 drug prices increased annually by 10%, which 
is over six times the rate of general inflation (Hernandez et al. 2019, Schondelmeyer 2016). 
Prices for new types of medicines coming to the market are approaching or exceeding $1 million 
per therapy (e.g. gene therapies). The result of these unregulated increases in drug prices is a 
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large accumulation of capital among biopharma companies. Instead of reinvesting income into 
research and development (despite the claim that high drug prices are justified to fuel R&D), many 
larger biopharma companies instead invest accumulated capital into buying back their own shares 
or distributing dividends to shareholders (Lazonick 2016, Roy et al. 2016). There is a clear burden 
of the costs of medicines on health systems, and even high-income countries are struggling to 
afford high-cost medicines, e.g. particularly in cancer and orphan diseases (Ramsey et al. 2009, 
Brennan and Shrank 2014, 2014, Kmietowicz 2014, Simoens et al. 2013, Michel and Toumi 
2012). As an illustration, the UK’s National Institute for Health and Care Excellence (NICE) 
deemed an effective breast cancer drug, trastuzumab (Kadcyla, Roche), unaffordable at a 
£90,000 price tag in 2014 (Kmietowicz 2014). However, the possibility that some orphan drugs 
do not qualify for full reimbursement is not generally accepted (Simoens et al. 2013, Sheldon 
2012), although this creates political and ethical dilemmas, and a conundrum between affording 
medicines and patients’ access to life-saving medicines. These issues are worsened by conflicts 
of interest and lobbying from the pharmaceutical industry, particularly in the US (Piller 2018, 
Neuman et al. 2011). 

3.2.2 Financialised finance 

There exists inherent tension in the goals of true biopharma innovation, and its sources of finance 
and capital. Smaller biopharma companies are primarily financed through venture capital funds, 
and larger biopharma companies are often financed by public markets and money managers at 
institutional funds. A key problem with both of these sources of capital is their short-termism. 
Given the long-term time horizon of drug development (often ten to 15 years throughout the 
entire process), this is typically at odds with the predominant focus of corporate manager and 
shareholders on short-term results — usually short-term financial gains for a fund (Dallas 2012, 
Rappaport 2005). This is especially true in venture capital, which is driven by goals of returning 
≥10x on the portfolio in ~five years. This leads to VCs and funds seeking companies that go 
through an IPO or an M&A deal (Lazonick and Mazzucato 2013). Gary Pisano sees the US 
biotech industry in need of ‘patient capital’ over the short-termism of venture capital (Pisano 
2006). Venture capitalists — as a generalisation — are more concerned about making a return 
over sustaining innovation.  

Importantly, government-funded innovation has reaped massive benefits for public health, but has 
led to significant profits for companies, shareholders and executives. While public funds are often 
essential for high-risk and early funding (which are characteristic of biopharma, by nature) 
(Mazzucato 2013a, Mazzucato and Semieniuk 2017, Block 2011), their benefit is exploited by 
finance-driven companies. A study by Nayak et al. found that over a ten-year period (2008 to 
2017) 25% of the 248 FDA-approved drugs had origins in publicly funded research or spinouts 
from publicly funded programmes (Nayak et al. 2019). Importantly, the drugs from publicly funded 
research were more innovative than non-publicly funded research (Nayak et al. 2019, Stevens et 
al. 2011). Kesselheim et al. found that half of the most transformative drugs over the last 30 years 
originated in publicly funded labs or labs with federal funding (Kesselheim et al. 2015). 

The mRNA COVID-19 vaccines demonstrate that mission-oriented innovation agencies can 
enhance the role of the state in coordinating the public and private sectors. The underlying 
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technology of mRNA has a long history of public funding for research; research behind the mRNA 
in COVID-19 vaccines can be traced back to NIH funding in the 1990s. Since then, several 
governments have invested billions of research funding into mRNA vaccines. There are decades 
of public research behind Moderna and Pfizer/BioNTech:  

 The underlying mRNA technology for vaccines arose out of NIH funding awarded to Dr 
Barney Graham, Dr Drew Weissman, Dr Katalin Karikó and others, beginning in the 
1990s. 

 Moderna has received $81 million from DARPA for R&D, beginning in 2013, and $955 
million from the US Biomedical Advanced Research and Development Authority (BARDA) 
for R&D. 

 Pfizer/BioNTech received €375 million from Germany for manufacturing and developing 
their vaccine. 

Additionally, the NIH spent nearly $700 million on research funding between 2002 and 2020 
(Rizvi 2020).  

Several governments have invested billions of research funding into mRNA vaccines. However, 
biopharma companies and executives have exploited this investment, as we demonstrate in the 
next section using Moderna as a case study. 

3.2.3 Moderna: a case study in COVID-19 exacerbating financialisation  
in biopharma 

The COVID-19 pandemic has exacerbated financialisation in biopharma and illustrates the need 
for regulation of biopharma companies to prevent them from prioritising shareholders over 
patients — especially after receiving significant public funding. For example, receiving $483 
million from the US government (BARDA) and $65 million in initial funding from DARPA to 
develop a vaccine, Moderna’s share prices have risen ~650% from the beginning of the 
pandemic. 

Although Moderna provided a life-saving vaccine, its shareholders and executives have benefited 
through enormous profits based on Moderna’s vaccine. For example, since January 2020, 
Moderna executives have pocketed over $800 million from selling shares. 

The individual and cumulative insider selling of Moderna shares is highlighted in Figure 5. The 
individual sales include $290 million to Moderna’s chief executive officer (CEO), $66 million to its 
chief financial officer (CFO), and $121 million to its chief medical officer (CMO). Moderna’s CMO 
and CFO sold a whopping $30 million of stock following the company’s May press release in 
2020. The individual-level sales are represented in Table 2.
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Figure 5. Moderna insider selling in 2020-2021 

 
Source: Authors’ own illustration 

 

Table 2. Amount of Moderna shares sold by director or executive January 2020 to September 2021 

Role Total sold 

Chief accounting officer $               9,866.00 

Chief executive officer $   290,662,077.00 

Chief financial officer $    66,934,360.00 

Chief medical officer $  121,124,169.00 

Director $     10,457,964.00 

General counsel and secretary $     41,106,590.00 

President $   157,211,476.00 

Chief technical officer $   119,955,476.00 

Total $   807,561,978.00 

Source: Author’s own. Data sourced from SEC Form 4 filings 

These sales are an enormous amount compared to typical compensation and the normal pace of 
stock-based compensation. The reason why these insiders have sold is obvious: they doubt the 
long-term value of the company and instead are looking at short-term opportunities to profit from 
the company. Moving forward, we need more responsible reporting and transparency from all 
players in the war against COVID-19. Pharma companies need to avoid press releases to pump 
up their stock. Pharma executives with conflicts of interest shouldn’t be heading the government's 
response for vaccine development. And there should be limits on the number of shares executives 
can sell after pumping up a stock with press releases. The public sector is critical to fixing the 
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COVID-19 pandemic, but it needs to do better job at shaping innovation responsibly and making 
sure biopharma companies don’t misuse these funds like they have. 

 

4. A better model for state-led, mission-oriented health 
innovation? 

4.1 The new Advanced Research Projects Agency for Health (ARPA-H) 

Given the success of DARPA-led innovation, other agencies have spun off DARPA’s innovation 
model in areas outside defence. In 2007, for example, the Intelligence Advanced Research 
Projects Agency (IARPA) was formed to bring a DARPA-like model to developing technologies 
for intelligence. Then, in 2009, the Advanced Research Projects Agency-Energy (ARPA-E) was 
formed to approach the challenge of advancing technologies for energy. Although fairly nascent, 
these agencies have already generated a wealth of new innovation: IARPA has generated ground-
breaking quantum computing research that has received a plethora of accolades (Bonvillian 
2018). 

Although DARPA’s contributions to biotechnology and medicine have already generated 
enormous success, its focus is still defence, and its BTO budget remains vastly low compared to 
DARPA’s and DOD’s budget. ARPAH, as a standalone agency with a DARPA-like model, is now a 
reality. Mazzucato and others have called for a similar entity; a health version of DARPA — i.e. a 
Health Advanced Research Projects Agency (HARPA) (2018). 

An ARPA-H agency was first proposed by Dr Geoffrey Ling, founder and former director of the 
DARPA BTO (Wright 2018) and was expanded by Mazzucato in The people’s prescription ( 2018). 
‘[ARPA-H], like DARPA, would be performance-based, milestone-driven, timeline-driven, with the 
efforts determined by the government,’ said Dr Ling. 

ARPA-H has drawn bipartisan support and it began with President Joe Biden acknowledging the 
creation of such an agency early in his administration. In his address to Congress in April 2021, 
Biden called for the creation of a DARPA agency for health — what he named ‘ARPA-H’ 
(Advanced Research Projects Agency for Health): 

The Secretary of Defense can tell you — and those of you on — who work on 
national security issues know — the Defense Department has an agency called 
DARPA — the Defense Advanced Research Project Agency. The people who set 
up before I came here — and that’s been a long time ago — to develop 
breakthroughs that enhance our national security -— that’s their only job. And it’s a 
semi-separate agency; it’s under the Defense Department. It’s led to everything from 
the discovery of the Internet to GPS and so much more that has enhanced our 
security. [The] NIH, I believe, should create a similar Advanced Research Projects 
Agency for Health. [H]ere’s what it would do: it would have a singular purpose: to 



16 
 

develop breakthroughs to prevent, detect, and treat diseases like Alzheimer’s, 
diabetes, and cancer (Biden 2021). 1 

Biden committed $6.5 billion to this agency in his budget proposal. However, little has evolved 
since April 2021 and the actual creation of this organisation remains unclear — much less its 
mission, organisation or execution. NIH director Francis Collins has supported the creation of 
Biden’s ARPA-H proposal and suggests that it be housed within the NIH while retaining a DARPA 
model of innovation (Collins et al. 2021). This is indeed what the secretary of health and human 
services (HHS) Xavier Becerra decided to do — to house ARPA-H under the NIH, although its 
director would report directly to the HHS Secretary instead of the NIH director. 

There is a major gap in federal agencies (namely, the NIH) that ARPA-H would fill for 
biotechnology in an extended pipeline innovation model. Such an agency, even within the NIH, 
could be equipped with a much larger budget than DARPA’s BTO and could be instrumental in 
building the future of biotechnology and medicine. ARPA-H should incorporate the following 
approaches to innovation in health:  

1. An extended pipeline model of innovation, as DARPA does;  
2. A mission-oriented approach to fill gaps in biomedical innovation;  
3. Funding for radical innovation; and  
4. Conditions on technologies to control drug prices and access.  

1. Extended pipeline model. First, ARPA-H should adapt DARPA’s extended pipeline model of 
innovation. This is especially crucial to advancing medical innovation and biotherapeutics, from 
early research to proof-of-concept. This would fill the ‘valley of death’ phase of funding between 
early-stage research or discovery and later stage drug development (Bonvillian 2018). Drug 
development in pharma (and especially in biotech) is a very capital- and risk-intensive process. 
Public funds are often essential for high-risk and early funding (which are characteristic of 
biotech, by nature) (Mazzucato 2013a, Mazzucato and Semieniuk 2017, Block 2011). ARPA-H 
could take on some of this risk by supporting research from research to development. 

2. Mission-orientated approach. Second, ARPA-H should take a mission-oriented approach 
towards market co-shaping (Mazzucato 2018a) as opposed to market-fixing (Mazzucato and Li 
2021). A mission-oriented approach would work as follows: ARPA-H, in consultation with experts, 
other agencies (such as the CDC, NIH, DARPA) and stakeholders (such as patients, pharma 
companies, contract research organisations), would discuss key problems that require innovation 
to target. This health research agenda would be connected to key areas of innovation or target 
products. This approach would allow the APRA-H to set a direction for innovation, while focusing 
on nurturing collaborations with actors in the private and public sectors.  

BARDA is an agency that successfully shows how government can take a mission-oriented 
approach (i.e. towards infectious diseases) and provide funding to support that direction while 

 
1 See: https://www.whitehouse.gov/briefing-room/speeches-remarks/2021/04/29/remarks-by-president-biden-in-
address-to-a-joint-session-of-congress 
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working with the private sector. ARPA-H could take a broader mission-oriented approach for 
market shaping and co-creation with the private sector. 

Risk-taking in ARPA-H should have missions with a clear public purpose, robust but flexible 
implementation, and clear outcomes (Laplane and Mazzucato 2020). Biden mentioned 
Alzheimer’s, diabetes and cancer as major targets as initial missions for an APRA-H entity. 
Alzheimer’s is a good example of a possible mission-oriented approach:  with repeated failures in 
clinical trials of many drugs, many venture capital and other private capital groups have quickly 
exited funding Alzheimer’s drug development due to the high risk of drug development. In 2019, 
Pfizer stopped all research into Alzheimer’s and Parkinson’s disease, and other major pharma 
companies are quickly dropping out of drug development for neurodegenerative diseases (with 
the exception Biogen). This is a prime example of where public funds could take on risk for 
mission-oriented, directional innovation. Figure 6 illustrates this trend, where a matrix of unmet 
need is presented along with private versus NIH funding in Alzheimer’s disease from 2012-2018. 

Figure 6. The risk of investing in drug development for Alzheimer’s disease is shifting from private 
investments to the state 

Source: Data from PitchBook and the NIH Research Portfolio Online Reporting Tools (RePORT) 
(https://report.nih.gov) 

The matrix also illustrates possible disease targets and areas where there are large markets, but 
ineffective therapeutics available: neurodegenerative diseases, rare diseases, fibrosis, renal 
diseases etc. ARPA-H could direct novel technologies towards these areas, funding machine 
learning and other advanced technologies to better understand neurodegenerative diseases that 
could ultimately lead to better therapeutics; funding cheaper, more rapid development of genetic 
medicines against rare diseases; and further developing mRNA-based vaccines and other 
technologies for better influenza vaccines and other infectious diseases etc. The Biden plan left 
out all these high, unmet needs, which could be practical examples of mission-oriented innovation. 

https://report.nih.gov/
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3. Funding for radical innovation. Third, it should fund radical innovation. The NIH is critical in 
funding basic science research, but it inherently lacks the boldness and risk appetite of DARPA 
for innovation. The NIH takes a conservative approach to funding projects due to the high volume 
of grant applications it receives a year and thus operates very differently than DARPA: NIH relies 
on an independent review process and primarily on a score-based system, which leads to a low 
appetite for risk and failure (Cook-Deegan 1996). It also has few specific calls for proposals and 
instead has broad, parent requests for applications (RFAs). DARPA, however, uniquely relies on 
programme managers, who have significant autonomy in selecting funding and are closely 
involved with the awarded contract to monitor progress and ensure success (Durmaz 2016). As 
one metric, DARPA awards lead to a patent at over four times the rate of the NIH (Bonvillian et al. 
2019). DARPA also actively aims to create new technologies. In other words, it is best suited to 
shape scientific progress in critical areas where a new technology is promising, but not yet proven 
(Cook-Deegan 1996). 

BARDA is a successful agency in the US similar to DARPA in that it has autonomous programme 
managers with autonomy and funds an extended pipeline model of innovation. However, BARDA’s 
role in biopharma innovation is limited in scope, confined primarily to infectious diseases. It also 
does not typically fund radical, early-stage innovation like DARPA does. 

ARPA-H should take a similar approach as DARPA in this innovation model, where NIH-funded 
research and BARDA have gaps. Like DARPA, ARPA-H should have autonomous programme 
managers who work closely with companies/organisations to monitor progress towards outcomes 
of the project and ensure success. They can choose to fund radical innovation under the guise of 
a mission-oriented approach.   

4. Conditions on technologies to control drug prices and access. And finally, an ARPA-H could 
place conditionalities on its contractors for public returns on its funded research. This would 
demand affordable prices (Laplane and Mazzucato 2020) — a practice that is rarely done by the 
NIH (Treasure et al. 2015). Taxpayers often pay double taxes — first to fund public investments in 
R&D and again for high drug prices (Alperovitz and Daly 2009, Lazonick and Mazzucato 2013). 
The Bayh-Dole Act could be a mechanism for exercising conditionalities around intellectual 
property generated by ARPA-H funding — it could require the practical application of research 
results around new drugs benefiting from ARPA-H funding, and demand affordable and 
accessible prices (Laplane and Mazzucato 2020, Arno and Davis 2000). Alternatively — or 
additionally — a new ARPA-H agency could create its own mechanism to ensure affordability and 
access to new medicines resulting from its funding.  

In Figure 7 we offer some practical applications and possibilities for a new ARPA-H. While Biden 
mentioned one or two of these areas, thinking more futuristically about next-generation medicines 
is essential when building the mission and practical function of ARPA-H. 
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Figure 7. Practical possibilities of APRA-H

Source: Authors’ own illustration 

4.2 ARPA-H conditionalities for new medicines 

New types of innovative medicines in the last decade have ushered in remarkable progress. While 
it is clear that new therapies are needed to extend life and improve quality of life, the long-term 
affordability of gene therapies and other new classes of drugs remains murky (Ramsey et al. 
2009, Simoens et al. 2013).   

ARPA-H would be funding similar — if not superior — types of novel therapies to gene therapies 
and novel living medicines. It would thus have an opportunity to (1) create technologies to improve 
the cost of manufacturing; (2) limit drug costs based on technologies discovered by ARPA-H-
funded projects; (3) improve access to medicines; and (4) restrict profiting from DARPA-funded 
projects. 

The cost of manufacturing for novel biological medicines can be in the $100,000s; ARPA-H could 
drive programmes to drive the costs down by orders of magnitude (Collins et al. 2021). For 
example, DARPA aims to do this by its NOW programme, which aims to rapidly and cheaply use 
nucleic acids to produce vaccines and therapeutics in response to pathogens. Better 
manufacturing technologies for cell, gene and viral manufacturing could greatly reduce the cost of 
drugs. One of the core objectives (as mentioned in Figure 4) of ARPA-H could be investing in 
better manufacturing. This could be done to curtail the heavy reliance on the contract research 
organisations (CROs), and contract research and development organisations (CMDOs), that are 
used in biopharma and which charge high prices for manufacturing (Moore et al. 2018). A 
practical example is the high cost of manufacturing viral vectors for gene therapy trials. The cost 
of the viral vectors alone is in the millions of dollars for a small clinical trial. ARPA-H could invest 
in technologies to avoid viral vectors or optimise the manufacturing process to reduce the cost of 
this process by orders of magnitude. By reducing the manufacturing burden of complex biological 
therapies, it would also lower the end cost of these therapies. 

In order to ensure affordability and access to medicines, ARPA-H could place conditionalities on 
its contractors for public return from its funded research. Currently, march-in rights are rarely used 
by the government as a mechanism for controlling drug pricing. The Bayh-Dole Act could be one 
mechanism for exercising conditionalities around intellectual property generated by ARPA-H 
funding — it could require affordable and accessible prices from ARPA-H-funded projects 
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(Laplane and Mazzucato 2020, Arno and Davis 2000), and it could create its own mechanism to 
ensure affordability and access to new medicines that results from its funding.  

Additionally, ARPA-H could restrict the egregious financialised practices of companies it funds by 
restricting funds for share buybacks, dividends and insider selling. Earlier, we laid out the 
egregious insider selling from Moderna that resulted in its executives pocketing hundreds of 
millions of dollars after taking in massive government grants and contracts. ARPA-H 
conditionalities could prevent this practice.  

 

5. Conclusions 
In the US, DARPA funds risky, visionary projects that aim to push the boundaries of current 
technologies. DARPA has done this in biotechnology, which has resulted in critical new medicines 
and vaccines. DARPA has been instrumental in funding nucleic acid-based technologies to fight 
the COVID-19 pandemic that resulted in the first vaccine and therapeutic authorised for COVID-
19. DARPA’s model of innovation could pave the way for more advancements in biotechnology in 
the future. Congress recently created the DARPA agency for health — ARPA-H. It was formed in 
April 2022 but under the NIH, with unclear direction or purpose, and with a fraction of the budget 
President Biden requested from Congress. We propose a more mission-oriented ARPA-H agency 
in the US. To both accelerate innovation while limiting biopharma companies’ profit-taking from 
government funding, ARPA-H should incorporate the following approaches to innovation in health: 
(1) an extended pipeline model of innovation, as DARPA does; (2) a mission-oriented approach to 
fill gaps in biomedical innovation; (3) funding for radical innovation; and (4) conditions on 
technologies to control drug prices and access. It is critical that ARPA-H is designed to accelerate 
biomedical innovation and it is an opportunity to place much stronger emphasis on public health 
needs, broaden access to technology, lower pricing, enhance knowledge transfer and connect 
procurement at an international level.  

The COVID-19 pandemic illustrates the need for regulation of biopharma companies to prevent 
them from prioritising shareholders over patients — especially after receiving significant public 
funding. It is critical that government programmes are designed to meet the public health purpose 
to place much stronger emphasis on public health needs, broaden access to technology, lower 
pricing, enhance knowledge transfer and connect procurement at an international level.  

Building the future of medicine requires bolder thinking and more appetite for risk, which ARPA-H 
could achieve in contrast to what the NIH could achieve alone. The ARPA-H model could take 
emerging science and create new biotechnologies and medicines in the same way that DARPA 
has successfully shaped new markets. It also can do so affordably and responsibly to ensure 
access to novel medicines.  
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