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1 Introduction 

1.1 Background 

New pharmaceutical products are getting increasingly more expensive [1]. As a result 

of this trend accessibility of pharmaceuticals may decrease. Novel treatments 

especially for orphan diseases (EU definition: below 1 out of every 2000 EU citizens 

affected [5]) are ever more often unaffordable - even for high income countries in the 

European Union and their public healthcare systems [1, 2] sometimes without showing 

either none or modest clinical benefits or improvements of life [3, 4]. Many orphan 

drugs and ATMPs (Advanced Therapy Medicinal Products) are currently under 

development that will likely have a high estimated price. Public health care systems in 

Europe are faced with increased costs and increased expenditure [1, 2]. 

Pharmaceutical companies used to mainly justify the high prices with their 

expenditures for research and development (R&D). A shift towards pricing according 

to the added value novel treatments bring (value-based pricing) occurred. Greater 

transparency around R&D costs is essential for analysts and policymakers to check the 

veracity of claims by companies that the steep price increase of new drugs is driven 

by high development costs [5]. Policymakers throughout the world are calling for more 

transparency on actual costs and expenditures for R&D. Most notably in the European 

Commission’s newly proposed revision of the pharmaceutical legislation [6] and the 

World Health Assembly's (WHA) 2019 resolution WHA72.8 on "Improving the 

transparency of markets for medicines, vaccines, and other health products" [7]. The 

EC has funded this research project as part of the Horizon Europe project “Health 

Innovation Next Generation Payment and Pricing Models” (HI-PRIX, Grant Number 

101095593, 2023-2025). A part of the HI-PRIX project aims to increase the transparency 

of direct and indirect public contributions as well as the unbundling of the value chain 

of pharmaceutical R&D to understand how expensive pharmaceutical R&D actually 

is. 

There are voices not attributing all innovation to pharmaceutical companies [8]. 

Subsequently, the role of public institutions like universities, university spin-offs, and 

publicly funded biotech start-ups is largely being disregarded at the price negotiations 

[8]. Public measures in form of research grants, tax incentives, use of clinical 

infrastructure or regulatory measures such as scientific assistance or fast-track-

approvals have a large impact: in the US, the Food and Drug Administration (FDA) 

approved 248 drugs between 2009 and 2017 containing one or more new molecular 

entities (NME) of which 19% had origins in publicly supported institutes, and 6% 

originated in spin-offs of publicly supported programs [9]. From 1970 to 2009 153 FDA 

approved medicines entered the market that originated in public sector research 

institutes [10]. For the European counterpart, the European Medicines Agency (EMA), 

no such numbers are available due to a lack of transparency on reporting of public 

contributions. A study - sponsored by Pfizer and conducted by the Tufts Center for the 
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Study of Drug Development - analysed pharmaceutical R&D and emphasized the 

importance of academia and public contributions to basic research [11].  

The costs of clinical trials are rarely publicly available, or if they are, the validity of data 

being published might be suboptimal [12]. Publicly accessible data from not-for-profit 

organisations such as the Drugs for Neglected Diseases Initiative (DNDi) or the Global 

Alliance for TB Drug Development [13] show that their R&D costs are far lower than 

what studies on average costs of pharmaceutical R&D estimate [14]. Not-for-profit 

pharmaceutical companies are mostly focusing on neglected diseases of the Global 

South [14] where developed products are unlikely competing with great alternatives 

and therefore, development of new drugs may be far cheaper than what for-profit 

pharmaceutical company are developing. Despite that key difference, due to 

transparency we know the development cost of DNDi’s products, but we do not know 

the actual R&D costs of for-profit-pharmaceutical companies.  

There is little evidence whether transparency of private R&D would necessarily lead to 

lower consumer prices since, currently, there are no “transparency policies” in place 

[8, 15]. Even in the case that transparency will not lower prices, Riccaboni et al. (2020) 

[16] state “It is agreed upon that transparency in decision-making is beneficial to the 

functioning of the innovative pharmaceutical market as it supports good governance, 

enhanced decision-making and efficiency” [16]. Transparency is needed for 

policymakers to work towards improving public health and accomplishing the goals 

defined in Sustainable Development Goal (SDG) 3 – good health and well-being. If 

implemented, the newly proposed pharmaceutical legislation of the EC would 

increase transparency [6] and would work towards affordability, accessibility and 

availability (triple A strategy) [6]. 

There is a substantial lack of knowledge of public institutions and governments on their 

contributions to the R&D process. Funds are given without binding conditions on 

access and affordability of the final products. After funding (pharmaceutical 

products, vaccines, medical devices and diagnostics) R&D, there is no mandatory 

periodic review of the status of development that the receiving party has to submit to 

the funding one  [17]. Public funds are most often given unconditionally and with a 

severe lack of transparency. In the US and in Europe alike [18]. 

Ever more often the allegation is raised that the public “pays twice” [15]. Despite the 

fundamental role public institutions play in the R&D process of innovative medicines, 

when it comes to paying for the final product those investments are being overlooked 

by pharmaceutical companies and public social welfare programs alike [19]. After a 

product is developed successfully and received EMA approval, the pharmaceutical 

company enters into negotiations with public healthcare programs. At those 

confidential negotiations, public contributions do not play a role in determining the 

price the public pays for products they help to development, but the “value” does. 

Cost-effectiveness studies as well as Health Technology Assessment (HTA) aid the 

public in decision making. 
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There is an information asymmetry in the negotiations: Private pharmaceutical 

companies know how much they spent to develop the product, how high the 

production costs are as well as detailed estimates on their expectations on Return on 

Investment (RoI) of the value-based pricing and associated profits then are 

communicated to the investors. Public negotiators lack this information and have no 

reliable, unbiased sources of cost estimates. Furthermore, they lack the knowledge of 

the extent of public contributions and therefore, are unable to use this information in 

price negotiations. In neoclassical economics information asymmetry is a leading 

cause for market failure. Simplified: by increasing transparency the risk of market failure 

would decrease. The intention of this paper is to bring transparency into 

pharmaceutical R&D by firstly analysing the actual costs of pharmaceutical R&D. 

Secondly, to analyse the extent of public contribution to it. Public contributions will 

then be put in relation to the findings from the first part on estimating the costs of 

pharmaceutical R&D. Thirdly, to analyse the importance of mergers & acquisitions and 

the patent system. 

1.2 Definitions and concepts 

Pharmaceutical research and development (R&D) is a complex and lengthy process 

aimed at discovering, developing, and bringing new pharmaceutical products to the 

market to cure diseases, increase the efficacy of existing products and reduce side 

effects of drugs. It involves various stages, including preclinical research, clinical 

development, regulatory approval, and post-marketing surveillance/ collection of 

Real-World Data (RWD). Here's a step-by-step overview of the process of 

pharmaceutical R&D as the EMA classifies and defines different stages [20]: 

Discovery and Target Identification: Scientists and researchers identify potential 

disease targets, such as specific proteins or molecular pathways involved in a disease. 

They explore various sources like scientific literature, genetic studies, and molecular 

biology to find potential drug targets. 

Drug Discovery: In this stage, researchers work to identify or design molecules that can 

interact with the target and modulate its activity. They use techniques like high-

throughput screening, computer modeling, and medicinal chemistry to identify 

potential drug candidates. 

Preclinical Research: Once potential drug candidates are identified, they undergo 

extensive preclinical testing. This involves in vitro (cell-based) and in vivo (animal) 

studies to assess the drug's efficacy, toxicity, pharmacokinetics (how the body absorbs, 

distributes, metabolizes, and excretes the drug), and potential side effects. Preclinical 

studies provide initial data to support the decision of advancing a candidate (new 

molecule or therapy) to clinical trials. 

Investigational New Drug (IND) Application: If the preclinical data is promising, the 

drug developer submits an IND application to the regulatory authorities, such as the 
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U.S. Food and Drug Administration (FDA). The IND includes preclinical data, proposed 

clinical trial plans, and information on the drug's manufacturing, formulation, and 

safety. 

Clinical development - Phase I: Phase I trials involve a small number of healthy 

volunteers to assess the drug's safety, dosage range, and potential side effects. These 

trials also evaluate how the drug is metabolized and excreted in the body. 

Clinical development - Phase II: Phase II trials include a larger group of patients to 

assess the drug's effectiveness and further evaluate its safety. These trials provide 

preliminary evidence of efficacy and help refine dosage regimens. 

Clinical development - Phase III: Phase III trials involve many patients and compare 

the investigational drug to existing standard treatments or placebos. These trials 

provide critical data on the drug's safety, efficacy, and potential adverse reactions. 

Positive results from Phase III trials are crucial for regulatory approval. 

Attrition rate: The entire process, from discovery to market, takes several years and 

involves significant investments in research, scientific infrastructure, clinical trials, and 

regulatory agencies. Not all drug candidates are developed successfully and make it 

through each stage due to various reasons like safety concerns, lack of efficacy, or 

commercial viability. When many drug development projects are suspended 

(scientific attrition for efficacy and commercial attrition for financial reason) the 

success rate is low, while the attrition rate is high. 

New Drug Application (NDA) Submission: If the Phase III trial results are positive, the 

drug developer submits an NDA to the regulatory authorities (FDA in US/ EMA in the 

EU), providing comprehensive data on the drug's safety, efficacy, manufacturing 

process, and proposed labeling. 

Regulatory Review: Regulatory agencies review the submitted data and evaluate 

whether the drug's benefits outweigh its risks. They assess the drug's safety, efficacy, 

quality, and labeling information. This stage can involve multiple rounds of questions, 

clarifications, and negotiations between the drug developer and regulatory 

authorities. 

Approval and Post-Marketing: If the regulatory agency is satisfied with the data and 

the drug's benefits outweigh the risks, it grants marketing approval. Once approved, 

the drug can be marketed and distributed to healthcare providers and patients. Post-

marketing surveillance continues to monitor the drug's safety, identify rare side effects, 

and gather additional data on its long-term effects. 

Collection of Real World Evidence (RWE): RWE is gathered to gain insights into a 

product's performance in real-world settings. This data can be collected from diverse 

sources such as patient registries or observational studies. The objective is to gather a 

comprehensive understanding of a pharmaceutical product's effectiveness, safety 

profile, and patient outcomes beyond the controlled environment of clinical trials. 
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From funding basic research to providing the clinical infrastructure for conducting the 

pivotal trials   public resources are involved at every stage of pharmaceutical R&D. As 

guidance for our research on transparency, we developed a scheme (see Figure 

1.4-1) to provide a more detailed overview of the elements along the value chain of 

the development of medicines and to structure our approach to search for relevant 

information. 

Before examining why, the public should be interested in increasing transparency in 

R&D, we must first define R&D. Depending on who you ask, the definitions can vary 

greatly. The definition matters because in various European countries there is 

legislation incentivizing high R&D activity by granting tax benefits in accordance to 

R&D spending [21-23]. The lack of a precise agreed definition of R&D lead to 

inefficiencies emerging from the use of a variety self-defined concepts for what R&D 

is and which activities can fall under this concept. Acquisitions of SMEs or patents, 

opportunity cost of capital as well as Phase IV studies aiming at increasing market 

shares ("Seeding trials") could be included in R&D expenditure reporting of for-profit 

pharmaceutical companies but may not fall under the public’s understanding of R&D. 

There is no binding definition or framework that companies must use to disclose their 

R&D definitions and costs. In 1963, the Organization for Economic Co-operation and 

Development (OECD) published the “The Proposed Standard Practice for Surveys of 

Research and Experimental Development” commonly known as the Frascati Manual 

[24]. It defines what R&D is and what it is not for most sectors but leaves room for 

interpretation. The most recent edition of 2015 includes a specific definition of R&D in 

the context of pharmaceuticals. It is the most commonly used framework to assess 

whether an expenditure is R&D or not and is regarded as the gold standard to assess 

expenditures for R&D. In assessing R&D, the European Union refers to the Frascati 

Manual and we therefore will use the Frascati definition as it is the most well-known 

and developed definition for R&D. 

According to the Frascati Manual, R&D in pharmaceuticals refers to "creative work 

undertaken systematically to increase the stock of knowledge about substances 

intended for use in the prevention, diagnosis, or treatment of disease and to develop 

new applications of this knowledge for practical purposes." [24]. The definition 

encompasses the scientific and technological activities aimed at discovering, 

developing, and improving pharmaceutical products, including drugs, vaccines, and 

therapeutic agents. 

The definition recognizes that R&D in pharmaceuticals involves both basic research 

(fundamental scientific exploration) and applied research (targeted at specific 

practical objectives) [24]. It emphasizes the goal of expanding knowledge related to 

substances used in disease prevention, diagnosis, and treatment, as well as the 

application of this knowledge to develop practical solutions. 
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1.3 The Problem: Decline of productivity (“patent cliff”) and 

strategies to tackle the decline 

A pharmaceutical product can have varied forms of protection from copying at 

various stages of the development process. Pre-clinical knowledge about a molecule 

is protected by a patent. Development knowledge can be protected by a patent or 

by trade secret. Once a drug received approval from the responsible approval 

agencies, is protected by market exclusivity rights and data protection rights. The term 

“patent cliff” refers to the phenomenon of patent expiry and a subsequent abrupt 

decline in sales for a group of products, while no further products are in the research 

pipeline to fill in. The pharmaceutical industry had to face such patent cliffs based on 

a decline of productivity from 2005 and 2011, which was reflected in a lower number 

of novel drugs (new molecular entities/ NMEs) approved by the FDA or EMA in these 

years[18, 19, 25, 26] (see Figure 1.3-1). The problems of the pharmaceutical industry 

were described by Scannel et al. (2012) [27] in detail: In their analysis, evergreening (a 

term describing the strategy to marginally modify a drug to prolong its patent 

protection) is not counted as a novel medicine and several factors are used as an 

explanation for the problems in the pharmaceutical industry.  Scannel et al. (2012) [27] 

identified three phenomena:  The ‘Better than the Beatles’ problem, the ‘Low hanging 

fruit’ problem and the ‘Throw money at it’ tendency. 

• The “Better than the Beatles” problem describes the perceived problem for the 

pharmaceutical industry where new medicines have to be better than the 

current standard of care to be successful. While the back catalogue of generic 

options - with only small profit margins - is growing, the research pipeline for 

patent-protected medicines is small. This problem deters R&D activity in certain 

therapeutic fields and crowds R&D activity in others. Emblematic of this trend is 

the field of oncology, which has seen an increase of investment like no other 

field has [28] (regardless of the evidence on the benefit on survival or quality of 

life [3]). In addition, orphan diseases are interesting to pharmaceutical 

companies, since there are no treatment options on the market and less post-

launch competition expected [25]. If there is an excellent standard of care for 

a disease in place, pharmaceutical companies are less likely to invest in R&D in 

that field since they want to avoid competing against the ‘Beatles’.  

• The “Low Hanging fruit” problem is an explanation used by the pharmaceutical 

industry to justify high costs of novel treatments due to high R&D costs [27]. The 

understanding here being that all the easy-to-cure diseases have been cured 

and ‘fruits higher up on the tree need more effort to pick’. According to Scannel 

et al. [27], between 1950 and 2010, the average cost of bringing a new drug to 

the market doubled every 7 years. This increase cannot be simply explained by 

inflation alone and, therefore, would support the existence of the ‘low hanging 

fruit’ problem.  
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• The ‘Throw money at it’ tendency” [27] describes a habit by companies to 

continue business as usual if a business strategy is working. Imagine a 

pharmaceutical company spending 1 billion Euros for one new pharmaceutical 

product that is a true innovation and incredibly successful in monetary terms. 

The logic of the company is that by doubling their R&D expenditures, they will 

generate double the revenue of the first pharmaceutical novelty. In real-world 

settings, this tendency exists to a lesser degree, but it follows that logic. 

Investment in pharmaceutical R&D can take decades for a new product 

regardless of how much money you ‘throw at it’.  

A study that analysed the top 12 innovation-driven pharmaceutical companies 

defined the quintessential “blockbuster” era of the pharmaceutical sector from 1995-

2015 [29]. The pharmaceutical industry reacted with various strategies to its problems: 

A shift from 2005 onwards towards speciality drugs and biologics (often with orphan 

designation) targeting medical indications with little or no therapies (also called 

“unmet medical needs” by the pharmaceutical industry) can be observed as a direct 

result of legislation incentivising research in these fields [29, 30]. Also “evergreening” (a 

term describing the strategy to marginally modify a drug to prolong its patent 

protection) is a persisting trend [31] and public-private-partnerships with academia 

and in-licensing as well as acquisitions of smaller companies with promising drug 

candidates became ever more common [32, 33]. 

 

Figure 1.3-1: Patent Cliff and Decline of Productivity – NME approvals 2001 to 2020 by FDA (Graph by Schuhmacher 

et al. [26]) 

The concept of rare or orphan diseases gained prominence in the 1980s and the 

associated orphan drug regulation (launched in 2000), but also the decoding of the 
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genome (2001) leading to biomarker discoveries and improved stratification of 

patients (also called “personalized or precision medicine”) contributed to the 

structural changes in the pharmaceutical industry. In response to the challenges faced 

by pharmaceutical companies in developing new treatments for broad chronic 

diseases, the orphan drug regulation (ODR) incentivizing drug development for rare 

diseases was welcomed. Additionally, governments around the world implemented 

policies providing financial incentives, such as tax credits and grants, and granting 

market exclusivity. Data requirements for orphan drugs were also lowered with FDA/ 

EMA approval possible after completed phase II studies [34]. Now, 20 years later 

already two thirds of all drugs approved in the US are orphan designated products 

[35] many of them in oncology. This development induced by now possible biomarker-

based dissection of diseases is often called “orphanisation” referring to the 

exploitation of the orphan drugs legislation by drug developers [36].Orphan drugs are 

associated with high costs leading to issues on affordability and challenges in 

healthcare reimbursement systems [30]. 

Though the increased attention and investment in rare diseases has led to 

advancements in understanding of those diseases and in improved diagnostic 

capabilities [30], an evaluation of the impact of the orphan drug legislation brought 

disillusion on actual new drugs [37]. Between 2007 and 2017, 131 medicines were 

approved by EMA as orphan drugs for 107 rare diseases:  22 drugs were approved for 

two or more indications and for different periods of market exclusivity - and with 

significant return on investment (RoI) over very long periods [37]. 28% of the orphan 

drugs were oncology drugs [37] (e.g. for Acute Myeloid Leukaemia/AML or gliomas), 

i.e. indication areas where other therapeutic options were already available. Different 

voices on this either portray the existing orphan drug legislation as working effectively 

[38, 39] and others that critique it [36]. 

Scientific progress in general, changes in the market and in public R&D incentive 

systems have contributed to the development of these new orphan drugs. In addition 

to the general trend of "orphanisation" of drugs and indications, there is a noted trend 

for large pharmaceutical companies not to conduct research themselves, but to buy 

up late-stage developments from small biomedical companies (often spin-offs from 

universities) - also known as the strategy of "search and development" (rather than 

R&D [40]). According to a study by Pammolli et al. [41] this trend speeds-up 

development time and increases productivity. 

The productivity crisis in the pharmaceutical sector is over and shows – since 2013 - an 

upward trend on multiple frontiers according to Pammolli et al. [41]. The number of 

newly approved drugs has increased and attrition rates for most large pharmaceutical 

companies have decreased. The reduction of attrition rates was a driving factor for 

productivity [41]. However, in a recent study, the 16 largest pharmaceutical 

companies (by revenue) were analysed on their productivity with the result that 

between 2011 and 2020, 57% of all new drug launches were unprofitable [26]. To offset 

the loss, mergers and acquisitions are being used as a cost containing and risk 
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mitigating strategy [25] to increase productivity and revenue [26]: from big 

pharmaceutical companies that used to conduct research themselves to leaner and 

more specialized companies [29]. Cooperations between academia and 

pharmaceutical companies are also partly responsible for reducing risks for 

pharmaceutical companies (especially for ATMPs [42]). The flexibility of academic 

inquiry across a wide range of biological disciplines holds great promise for developing 

new products [43]. Public Private Partnerships (PPPs) have increased in numbers and 

became a more common practise [44]. 

1.4 Methodology 

1.4.1 Overall methodology  

This paper aims to put a spotlight on the costs of pharmaceutical R&D and public 

contributions to it. For achieving this aim, R&D elements along the value chain (see 

Figure 1.4-1) will be scrutinized for detailed information on contributors and 

beneficiaries, expenditures, and costs. The approach to the analysis on cost of 

developing pharmaceuticals and the public contributions to product development 

follows the following general methodology that will be described in more detail in this 

chapter below: 

• First, the R&D process is considered along the value chain from private 

expenditure to identify the key items of R&D funding (Chapter 2) and then those 

items were adapted to the kinds of contributions public entities typically make 

to R&D (Chapter 3) (see Figure 1.4-1). 

• Then a mixed-methods approach is applied using an iterative procedure for 

identifying relevant information and data sources by conducting qualitative 

interviews with experts in their respective fields (Table 1.4-1), followed by 

targeted literature searches on the topics identified and a systematic analysis 

and synthesis of the literature and data found. 

• Interviews, literature, and data analyses complement each other and are not 

reported separately. 
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Figure 1.4-1:  R&D Process of a drug in development  

1.4.2 Research questions (RQ) 

The following research questions (RQ) led our research: 

• RQ1: What is the R&D cost of bringing a new drug to the market? 

• RQ2: Which factors influence these costs of R&D for pharmaceuticals? 

• RQ3: Which public contributions to R&D of (medicinal and other) products are 

reported in the literature? 

• RQ4: Which categories of (direct and indirect) public contributions to R&D of 

(medicinal and other) products can be identified and supported by data? 

1.4.3 Details on the methodologies to answer the RQ 

To answer the four research questions the following methodologies were applied in an 

iterative manner. Figure 1.4-2 presents the overarching methodology: a mixed-

methods approach was applied using an iterative procedure for identifying relevant 

data and information.  
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Figure 1.4-2: Methodological approach in chapter 2 and chapter 3 

1.4.3.1  Interviews with stakeholder groups 

Identification of experts: As a first step the stakeholder groups essential for giving input 

and insights were identified by the authoring team (DF and CW) and additional 

researchers from AIHTA (Ingrid Zechmeister-Koss, Christoph Strohmaier) 

complemented by topics to discuss. Further on snowball sampling for key stakeholders 

was used to identify additional interviewees on more specific topics.  

Semi-Structured interviews - questions and documentation: The interviews were 

prepared based on a preliminary orientation in the literature: for cost estimations the 

review of Schlander et al. (2021) [45] (chapter 2) and for public contributions a book 

from Mazzucato “Public vs Private Sector Myth’s” [46] (chapter 3) were used. The 

interviews were conducted in a semi-structured manner with academic experts, 

pharmaceutical industry representatives and not-for-profit pharmaceutical 

developers (see Table 1.4-1) intending to cover and include many different 

stakeholder-groups. Semi-structured interviews as a method was chosen to allow the 

interviewer to adapt the questions to the interviewee’s knowledge as well as to allow 

follow up questions. The interviews were conducted between February 2023 and 

September 2023 (and are still ongoing) by two researchers (DF, CW) either online via 

Zoom or in person. All of the 17 interviews but six were conducted by two researchers 

together and minutes were taken by both interviewers, combined, and documenting 

the interviews in a joint document. However, no recordings were taken, and the 

interviews were not processed further (e.g., in a content analysis) due to their 

heterogeneity in topics and contents and the only informative character: The 

interviews held were intended to support in identifying variables that influence R&D 

costs and to gain insights in the spectrum of public contributions to the development 

of products. . 

Inputs from the interviews (see Figure 1.4-1) were taken to identify: 

• Relevant aspects and key words for targeted literature searches 
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• Relevant authors in the field of interest (using ‘snowballing’) 

• Unpublished materials and grey sources 

• Defining the variables for the extraction tables 

• Defining the spectrum of public contributions and data sources 

• Assessing factors that might influence the differences in the reported data 

The questions asked are listed in Appendix B Chapter 2. 

Table 1.4-1: Identification of Interviewees according to stakeholder groups 
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DNDi – Drug for Negelected Diseases Initiative, EC DG – European Commission Directorate General, ECRIN- European Clinical 

Research Infrastructure Network, EFPIA- European Federation of Pharmaceutical Industries and Associations, EIC - European 

Innovation Council; EIE - European Innovation Ecosystems,  FFG –  Forschungsförderungsgesellschaft (Austrian Research 

Promotion Agency), IMI/ IHI – Innovative Medicines Initiative/ Innovative Health Initiative, KEI - Knowledge Ecology 

International, KKS -  Kompetenzzentrum für Klinische Studien (Compenetnce Centre for Clinical Studies), MUW – Medizinische 

Universität Wien (Medical University of Vienna), PDP- Public Private Development Programs.; PPP-Private-Public-Partnerships, 

RWD -real world data  

1.4.3.2  Targeted Literature Search  

For answering RQ1 and RQ2 the systematic review of pharmaceutical R&D cost 

estimates conducted by Schlander et al. (2021) [45] was updated with articles 

published since 2021. The same search strategy – as used in Schlander et al. was used.  

• First a hand-search for published articles and reports was carried out, followed 

by screening of the reference lists of relevant articles to update the Schlander 

et al. (2021) publication [45]. 

• Then, for each of the subchapters (domains) that were identified in the 

interviews as factors influencing the costs additional targeted literature 

searches were conducted (reported as subchapters of chapter 2). 

The details can be found in Table 1.4-2.  
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Table 1.4-2: Targeted literature search on costs of R&D for pharmaceuticals (Update of [45]) for RQ1 and on factors 

influencing costs of R&D for pharmaceuticals for RQ2 

  

Due to the targeted hand search, no PRISMA reporting is presented. 

Risk of Bias (RoB): No risk of Bias assessment was conducted due to the heterogeneity 

of the studies and the reporting of information. However, we analysed the information 

according to the data transparency and the comprehensibility of the calculations. 

Data extraction: Of the 22 publications reported in Schlander et al. (2021) [45], 14 

analyse mixed therapeutic fields and 8 examine specific therapeutic fields. 2 

additional publications were identified; one from an interview with DNDi and one from 

a literature review on google scholar and PubMed. Three additional publications were 

identified for attrition rates specifically [47-49]. We extracted – as a first step - the 

following information for publications on mixed therapeutic fields and specific 

therapeutic fields: 

• Drug inclusion period 

• Sample of drugs included 

• Reported success rates in percentage 

• Average out-of-pocket and capitalized cost estimate to bring one new drug to 

the market 
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• Origin of the data the cost estimates are based 

• Methodology of the studies:  accounting for failed trials 

• Stage of start of cost estimates: whether basic research is included in the cost 

estimates or not;  

In a second step, the same 24 publications were disaggregated in sub-tables and 

further information was extracted on: 

• Self-originating vs licensed 

• Costs of clinical trials 

• Compound screening 

• Average development time 

• Per clinical development stage attrition rates 

• Per clinical development stage cost estimations 

For answering RQ3 on public contributions to R&D of product development a targeted 

search for published articles and reports was conducted: 

• First a hand-search was carried out, followed by screening of the reference lists 

and of key researcher in the field. 

The details can be found in Table 1.4-3. 

Table 1.4-3: Targeted literature search on public contributions to R&D for pharmaceuticals for RQ3  

 

Due to the targeted hand search, no PRISMA reporting is presented. 

Risk of Bias (RoB) and Data extraction (of literature): No risk of bias assessment was 

conducted due to the heterogeneity of the studies and the reporting of information.  

Data extraction: Of the 25 publications identified, the following information was 

extracted: 
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• Authors and year of publication 

• Data basis of analysis: number of compounds or product 

• Results: effects of public contributions 

• Sources and methodology 

• Categories of public contributions considered 

1.4.3.2  Data collections and sources 

For answering RQ4 the value chain (see figure 2-1) was for reasons of practicality   

• First subdivided in four phases of research and development from basic 

research to post-launch evidence generation and  

• Subsequently, several data sources (databases, websites, etc.) were screened 

and exploited for direct and indirect public contributions identified in interviews 

and publications.  The data collections are meant to be exemplary (not 

exhaustive). 

• Lastly the categories of direct and indirect public contributions were 

accordingly classified into eight categories. The categories are eventually  – at 

this stage of the research - not exhaustive. 

The details can be found in Table 1.4-4. 

Table 1.4-4: Data collections and exemplary data sources for RQ4 

https://eic.ec.europa.eu/index_en 

https://eismea.ec.europa.eu/programmes/european-

innovation-ecosystems_en 

https://eit.europa.eu/

https://cordis.europa.eu/de 

https://www.ema.europa.eu/en  

https://www.eunethta.eu/ 

https:// www.imi.europa.eu/projects-

results/project-factsheets; https://darwin-eu.org/

  

https://cordis.europa.eu/de
https://eic.ec.europa.eu/index_en
https://cordis.europa.eu/de
https://www.ema.europa.eu/en
https://www.eunethta.eu/
http://www.imi.europa.eu/projects-results/project-factsheets
http://www.imi.europa.eu/projects-results/project-factsheets
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2 R&D costs and on factors influencing the costs 

2.1 Results: Overview of R&D costs 

This section intends to answer RQ1 on the costs of R&D for drugs. Several research 

groups conducted studies on the costs of R&D to bring one new drug to the market. 

The novelty of our approach is the disaggregation of R&D cost estimates. Starting from 

basic research to the discovery phase, to preclinical and onwards to Phase 1-3 of 

clinical trials, this paper aims to present cost estimates with a specific focus on factors, 

influencing the differences between the reporting of researchers with industry/ 

governmental/ not-for-profit or academic affiliations (origin of data, methodologies, 

bias). As an overarching theme, attrition rate plays a pivotal part, specifically the 

differentiation between the medical and financial reasons for abandonment of further 

activities (scientific and commercial attrition rates).  

Three main elements that make up R&D cost estimates are identified by Sussex et al. 

[50]. Firstly, ‘Out-of-pocket (OOP)’ costs of R&D. OOP costs entail the actual costs of 

bringing one new drug to the market. Secondly, the aspect of financing R&D. Namely, 

cost of capital, opportunity costs and costs of acquiring patents or licenses. Thirdly, 

attrition rates in % that describe how many projects succeeded and how many failed. 

Capitalized cost estimates are the accumulation of all costs accrued along the value 

chain which includes the OOP costs, the costs associated with financing and the 

development time, as well as the attrition rates. Each of these will be analysed in the 

following sections (See Figure 2.1-1 on the elements that make up the total R&D costs 

for pharmaceuticals). 
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Figure 2.1-1: Calculations for pharmaceutical R&D cost estimations (inspired by Mestre-Ferrandiz et al. [1]) 

Based on the most recent systematic review on cost estimations for pharmaceutical 

R&D by Schlander et al. [45] and an updated search, we identified in total 24 studies 

on costs for R&D of medicines between 1979 and 2020. In recent years, several 

research institutes, scholars and governments have been interested in estimating the 

costs to bring a new medicine to the market. Already in 2011, a systematic review on 

this topic was conducted by Morgan et al. in 2011 [51], and updated in 2021 by 

Schlander et al. [45]. We identified two further publications, summing up to 24 included 

studies. 

17 studies included (see Table C 1 in Appendices Chapter 2) give estimates for mixed 

therapeutic fields.  
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2.1.1 R&D costs on mixed therapeutic fields 

Study characteristics of publications 

The earliest publication (1979) analysed a selected sample of  medicines  from 1963 to 

1975 [52], and the most recent one (2022) analysed costs of drugs with aggregate 

data from 2001 to 2020 [26]. We visualized the drug inclusion periods in Figure 2.1 1 to 

investigate whether there are relevant gaps in the timeline of cost estimations.  We 

found no relevant gaps from 1963-2020. The sample size (number of drugs analysed) is 

reported in all but three studies (see Table C 1 in Appendices Chapter 2), ranging 

between 8 (Gilbert 2003) [53] and 3,181 (Adams 2006) [54] drugs included in the 

analyses. 

We classified the studies in four categories: 

1 Academic research (no external funding, no interest groups): Wouters [5] 

2 Industry financed research (research that received either partly or full funding from 

pharmaceutical companies or pharmaceutical interest groups): Hansen & Chien 

[52], Wiggins [55], DiMasi (Tufts Center for the Study of Drug Development's 

(CSDD)1: [28, 56-59]), Gilbert et al. (Windhover PharmaIntelligence2:[53]), Paul et al. 

(Lilly Research Laboratories (LRL)3: [60]), Mestre-Ferrandiz et al. ( Office of Health 

Economics (OHE)4: [61]), Jayasundara et al. [39], Schuhmacher et al. [26] 

3 Governmental research (funding received from governmental agencies): Adams 

& Brantner [54, 62],  

4 Not-for-profit research (research that was conducted in a not-for-profit 

pharmaceutical development organization): DNDi [14], Young and Surrusco [63] 

 

 
1 Tufts Center for the Study of Drug Development's (CSDD) is funded in part by unrestricted grants from pharmaceutical and 

biotechnology.  
2 Windhover PharmaIntelligence is a consultancy providing business intelligence data to Pharma companies.  

3 Lilly Research Laboratories (LRL) is fully funded by Eli Lilly. 
4 This Office of Health Economics (OHE) project was partly funded by Astra Zeneca. 
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Figure 2.1-2: Analysed time-periods of the included studies (graph inspired by Mestre Ferrandiz et al. [48]) 
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Approaches for cost estimation in the selected studies  

Methodologies to estimate average costs to bring one new drug to the market that 

start with total R&D spending of a company are faced with the challenge to attribute 

a specific amount of the firm’s expenditures to preclinical spending [64]. The large 

ranges of cost estimates is the result of various data sources, data samples, and 

methodologies [64]. 

The studies included use different methodologies (see Table 2.1-2) To estimate cost 

estimates for mixed therapeutic areas (as seen in Figure 2.1-2). Cost estimates are 

either based on project-level data [14, 39, 52, 56, 58-61], on aggregate data [5, 26, 53] 

or on a combination of both [54, 62]. Project-level data is data on specific products 

under development gathered by surveying pharmaceutical firms. The reporting of 

project-level data can be either all associated costs accrued along the development 

of a product as many sums, or one total amount of costs associated with the 

development of one specific product. Aggregate data makes use of company-level 

data and reports on their R&D expenditure. When using aggregate data, the available 

data depends on the methodology used. When using data for the entire sector, per 

product R&D spending is estimated by examining the economic correlation between 

historical total research expenditure available in a database and new drug approval 

rates. When a database is used to calculate average costs, both failed and successful 

projects need to be included since not including failed projects would lower average 

costs. 

When using project-level data selection bias may be an issue. This implies that the 

selection of which drugs that were developed may influence the reported average 

cost to bring one drug to the market. Selection bias refers to a distortion of data 

analyses where the chosen sample does not accurately represent the entire 

population of interest. This bias occurs when certain individuals or groups are either 

overrepresented or underrepresented in the sample, leading to skewed or misleading 

results. It can arise due to various factors such as non-random sampling, self-selection, 

or exclusion criteria. Detecting selection bias requires careful examination of the 

sampling methods employed and an understanding of the potential impact on the 

results. To control for selection bias DiMasi et al. [58, 59, 65] use random sampling of 

the data provided in their analysis. Mestre-Ferrandiz  [61] use all data on drugs 

provided to them by industry and therefore, do not control for selection bias. 

Origin of the data 

The origin of the databases varies greatly (see Table 2.1-1). Data from confidential 

industry surveys were used most often [28, 52-54, 56, 58-62]. Publicly available 

databases such as clinicaltrials.gov [26, 39, 54, 62], industry-wide R&D cost reporting or 

periodic Securities and Exchange Commission (SEC)-reports [5] are alternative sources 

to confidential industry surveys to estimate costs of pharmaceutical R&D. TrialTrove 

and PharmaProjects [54, 62] was used to gather information on clinical trials, their 

duration and sample sizes. The most recent publication about costs of bringing one 
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new drug to the market by Schuhmacher et al. [26] uses aggregate data of 16 big 

pharmaceutical companies. We asked the European Federation of Pharmaceutical 

Industries and Associations (EFPIA) if they provide their members with a standardized 

definition for their reporting on R&D, however they shared with us, that they do not 

provide a standardized method of reporting R&D expenditure which is in line with 

DiMasi et al.’s finding [59].
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Table 2.1-1: Methodology and origin of data for R&D cost estimations (mixed therapeutic fields) 
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Stage of start of cost estimates 

As seen in the Appendix C most of the studies start the cost estimation at the discovery 

stage. Discovery costs are most often based on estimates only. Reasons given for the 

estimation instead of basing the costs on empirical data are the difficulty to estimate, 

not product specific expenses and a lack of data. In only seven of the included 

studies, the costs are reported distinct by stage [5, 56, 58-62]. Additionally, the 

complexity of drug discovery and clinical trials is not sufficiently reflected in most R&D 

cost estimates  [45]. These issues arise where to account for compound-nonspecific or 

basic research that was used to create multiple drugs. It is unclear from the 

publications how compound-nonspecific research was accounted for.  

Reported success rates (and attrition rates) in percentage 

The success rates are reported in 13 of 17 studies and range from 7% [61] to 33% [39] 

or analogously attrition rates range from 93% to 67%. To understand the wide range, 

one must analyse the origin of the data of the studies as well as the methodologies 

used to calculate attrition rates. All of the studies use either aggregated or project-

specific data. The calculation for attrition rates is the same for both aggregate and 

project-specific data, only the implications vary. Attrition rates per stage of 

development are calculated by dividing the number the projects that made it to the 

next stage of development by the total number of projects that entered that stage of 

development. Attrition rates for the entire process are calculated by dividing the drugs 

that received FDA/EMA approval by the total amounts of drugs included in the 

database of drugs in development. 

None of the included studies differentiate between commercial or scientific attrition 

in their reporting. 

Average capitalized cost estimate to bring one new drug to the market 

Capitalized cost approximations encompass a broad range of expenditures, including 

direct costs like research staff, clinical trial expenses, and manufacturing costs, as well 

as indirect costs such as unsuccessful projects, overheads, and the opportunity cost of 

capital. The choice of cost of capital (COC) is a critical factor in cost estimation as it 

affects the final calculations and interpretations. Pharmaceutical companies weigh 

investment opportunities and evaluate the risks associated with drug development by 

considering the discount rate, which signifies their preferred rate of return or the cost 

of capital. [64]. 

A trend can be observed when looking at the capitalized cost estimates that analyze 

mixed therapeutic fields in Figure 2.1-2: Except for DNDi, the costs for pharmaceutical 

R&D have increased over time, despite controlling for inflation. The earliest publication 

reports the lowest cost estimates [52], while the most recent reports the highest [26]. 

The three most cited studies of the 17 studies of mixed therapeutic fields have Joseph 

A. DiMasi as the leading author, a researcher at the Tufts Center for the Study of Drug 

Development (funded by pharmaceutical companies). Those three studies were 
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published in 1991 [56], one over a decade later in 2003 [58] and another in 2016 [59]. 

Each study builds upon the previous, and presents new, even higher average costs of 

R&D that cannot simply be explained by inflation alone. In the study of 1991, DiMasi 

estimates the capitalized out-of-pocket cost to the point of marketing approval at a 

9% discount rate of a new chemical entity (NCE) being 594 million USD (in 2022 USD). 

In 2003, at a real discount rate of 11%, the estimation is 1368 million USD (in 2022 USD). 

The most recent study presents another cost jump to 3295 million USD (in 2022 USD) at 

a discount rate of 10.5%. When controlling for inflation, the estimates by DiMasi et al. 

from 1991 to 2003 increased by roughly 130% and from 2003 to 2016 again by roughly 

141%. As seen in Table 2.1-2 estimates on average capitalized costs to bring one new 

drug to the market range from 594.11 million USD [56] to 3295.92 million USD [59] even 

though a similar methodology was used in each of the three studies. 

Table 2.1-2: DiMasi' estimates of pharmaceutical R&D capitalized costs 

* Figures converted using the US Gross Domestic Product deflator (Bureau of Economic Analysis). 

Relation between capitalized costs and out-of-pocket costs 

Table 2.1-3 presents the 11 studies included that report both the out-of-pocket (OOP) 

as well as the capitalized costs and the respective costs of capital that were used to 

calculate the capitalized costs. As can be seen, there is no outlier in % of cost of 

capital. From 8% to 9% to 11% and then, most recent studies used 10.5%. However, the 

increase from the OOP costs to the capitalized costs has a large margin, ranging from 

41.58% [39] to 180% [54] increase. It can be concluded that cost of capital is not the 

determining factor to explain the price jump from OOP costs to capitalized costs. 

When taking the reported average clinical development time in consideration no 

trend can be observed either. A problem arises when including the time of the R&D 

process: Included studies only analyse clinical development time and exclude basic 

research which can take decades. 

To conclude, estimates to bring one new drug to the market range from 214.38 mil. 

USD (Hansen & Chien, 1979 [39]) to 6.160 billion USD (Schuhmacher et al., 2023 [18]). 

To understand why the results, have such a wide range, one must analyse where the 

data of the analysis comes from, the methodologies to estimate costs, as well as with 

what attrition rates are being calculated. All the analysed studies include attrition rates 

to calculate costs to bring one new drug to the market. The reported success rates 

range from 7 to 33%. 
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Table 2.1-3: Studies that include out-of-pocket (OOP), cost of capital (COC) and capitalized costs for R&D for drug 

development (mixed therapeutic fields) 

*2022 prices adjusted for inflation using the U.S. Bureau of Labor Statistics inflation calculator  

 

2.1.2 R&D costs on specific therapeutic fields 

Study characteristics of publications 

Further 10 studies analyse costs for specific therapeutic fields (see also Table C 1 in 

Appendices Chapter 2), with an overlap of three studies [5, 65, 66] reporting on both 

mixed and specific therapeutic areas. 

Methodology of the studies and Origin of the data 

Eight studies [13, 28, 65-70] use project-level data while 2 use aggregate [5, 71] data 

(see Table 2.1-4). The methods used are the same as in the analyses on mixed 

therapeutic fields.  

Stage of start of cost estimates 

The stage of start of cost estimates are the same as in the analyses on mixed 

therapeutic fields: most of the studies start the cost estimation at the discovery stage. 
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Table 2.1-4: Methodology and origin of data for R&D cost estimations (specific therapeutic fields) 

• 

• 

• 

*Not-for-profit product development partnerships
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Reported success rates (and attrition rates) in percentage 

Success rates for specific therapeutic fields range from 97% [5] to 61% [71] (attrition rate 

3% to 39%). The lowest success rate is oncology, while the highest success rate is for 

vaccines. 

Average capitalized cost estimate to bring one new drug to the market 

Average capitalized cost estimates for specific therapeutic fields range from 183.75 [65] 

to 5,195.79 [5]. Cardiovascular therapeutic field has the lowest costs, while oncology 

the highest.  

Relation between capitalized costs and out-of-pocket costs 

Increases from the OOP to the capitalized cost estimates range from 25.8% to 247.5% 

(see Table 2.1-5), revealing a larger margin than the analysed studies for mixed 

therapeutic fields (41.58% and the highest is 180%). 

Table 2.1-5: Studies that include out-of-pocket (OOP), cost of capital (COC) and capitalized costs for R&D for drug 

development (specific therapeutic fields) 
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2.2 Results: Factors influencing differences in R&D Costs 

In the following section, the RQ2 on the factors influencing the costs of R&D for 

pharmaceutical products is investigated. In addition to the findings from the literature 

review in the previous section, input from interviews was used to identify these factors 

that explain differences in pharmaceutical R&D cost estimates. We conducted 

additional hand searches, identifying 49 studies in total reporting on the following six 

factors. 

Six factors were identified that will be elaborated on in the following chapter: type of 

drugs, self-originating vs licensed/ acquired drugs, compound screening, stage of 

clinical development, attrition rates, study design/ size of clinical trials, reported costs of 

clinical development phase I-III of pharmaceutical R&D. 

2.2.1 Type of Drug: costs for orphan vs non-orphan 

This chapter intends to analyse reasons why there is a difference in costs of orphan and 

non-orphan pharmaceutical R&D, as reported in Jayasundara et al. [39]. Clinical trials 

of orphan drugs can be smaller in-patient size in comparison to non-orphan. The 

development of orphan drugs intending to treat rare diseases or conditions, is often 

perceived to be less costly compared to the development of drugs for more common 

ailments. There are several reasons that contribute to this difference in cost: 

Firstly, developing orphan drugs may require fewer and shorter clinical trials compared 

to drugs targeting more common conditions [39]. Since the patient population is smaller 

and regulatory data requirements are lower (many orphan drugs are approved based 

on Phase 2 studies [38]), it may be easier to recruit participants for clinical trials (due to 

the rarity of the disease many different sites may have to be coordinated which may 

be supported by public contribution like the coordination of European Reference 

Centres (ERN) for faster patient recruitment [72], leading to shorter enrolment periods 
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and reduced costs associated with patient recruitment. The regulatory data 

requirement for orphan diseases is lower than for non-orphan diseases. Furthermore, the 

research and development of orphan drugs can benefit from existing scientific 

knowledge and advancements in related fields. In some cases, repurposing existing 

drugs or leveraging existing research can help expedite the development process and 

reduce associated costs. 

Secondly, regulatory agencies such as the EMA often provide incentives and 

streamlined processes for the development and approval of orphan drugs [73]. 

Incentives, such as research grants, extended market exclusivity or tax credits aim to 

encourage pharmaceutical companies to invest in rare disease treatments. 

Furthermore, the EMA incentivises orphan drug R&D by reducing the regulatory fees [73, 

74]. The availability of these incentives helps offset some of the costs associated with 

research, development, and clinical trials. 

Additionally, the smaller patient population for orphan diseases means that the target 

market for these drugs is significantly smaller [38]. In many cases for non-orphan drugs 

to prove a better outcome over the standard of care huge patient populations in 

clinical trials are necessary. In a study by Moore et al. [75] the authors found that the 

highest-cost trials were those in which a new product was being developed that would 

compete with a well-established product. In those cases to prove superior benefits over 

the competitor a high number of patients in clinical trials is needed to achieve statistical 

power to document marginal benefits [75]. Developing drugs for larger patient 

populations involves extensive marketing efforts to reach a broad consumer base or to 

increase the market share, which incurs substantial expenses. In contrast, the target 

market for orphan drugs is smaller, reducing the need for extensive marketing and 

advertising campaigns (since there is less competition) [39]. 

However, it is important to note that while orphan drug development may generally be 

perceived as less costly, this is not always the case for every orphan drug. The cost of 

developing a drug depends on various factors, including the complexity of the disease, 

the required research and development activities, and the regulatory requirements. 

2.2.2 Self-originating vs licensed/ acquired drugs 

Self-originated drugs account for a decreasing share of novel drug R&D over time: from 

2000 to 2011, one-third of drugs were licensed-in, and half had their development 

timelines cut short by a licensing agreement, a merger with a larger company, or a co-

development agreement [76]. However, if earlier stages of research were funded by 

private companies, it may be difficult to follow expenditures after a product is bought 

by a new company, leading to studies for in-licensed pharmaceuticals to miss some 

costs [64]. 
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Studies by DiMasi et al. [56, 58, 59, 65] and Mestre-Ferrandiz [61] concentrate on the 

costs of pharmaceutical R&D only related to self-originating drugs, defining them as 

those developed entirely by a single company. Included in the definition are 

companies that were acquired by bigger companies during the development process 

of a drug but kept developing the drugs. Excluded are projects that were licensed in or 

where a company acquired a patent earlier than approval and subsequently 

developed till approval. The frequent practice of acquiring licenses or patents later in 

the R&D process challenges cost estimates for self-originating drugs as a definitive 

benchmark for all drugs. From 2000 to 2011, one-third of drugs were licensed-in, with half 

experiencing truncated development timelines due to licensing agreements, mergers, 

or co-development agreements [76]. This has prompted some to coin the term "Search 

& Development" for major pharmaceutical companies [40], emphasizing the evolving 

nature of industry practices. 

Overall, available data indicates that compounds acquired through licensing 

demonstrate heightened rates of clinical success, attributed partly to pre-licensing 

screening processes [77]. Notably, during the pre-clinical phase, externally sourced 

projects exhibit a substantially higher likelihood of progressing to clinical testing 

compared to internal projects [49, 78, 79]. This trend aligns with the increasing 

prevalence of mergers and acquisitions involving Small and Medium-sized Enterprises 

(SMEs) and more streamlined parent companies [29] 

For earlier time periods than DiMasi et al. [56], Gilbert et al. [53] examine disparities 

between self-originated and licensed-in pharmaceuticals. They state that although 

licensing-in has grown more popular, pricing rivalry for the licensing-in of compounds 

has intensified as a result. This led to higher prices for patents and licenses. They assert 

that from 1995 to 2000, the acquirer's estimated average return on investment for Phase 

III licensing-in fell from 12% to just under 6% [56]. According to DiMasi et al. [56], revenues 

from licensed-in drugs have been driven down in part by declining Phase III trial success 

rates. Contradictory, Nayak et al. [80] found that most licensed-in drugs have a lower 

failure rate and become “blockbuster” drugs that generate a large amount of the total 

revenue of pharmaceutical companies. 

In general, the available data confirms that compounds obtained through licensing 

demonstrate elevated rates of clinical success. This can be attributed, at least in part, 

to a screening process that occurs prior to licensing as well as companies unlikely to 

license compounds that have a high chance of failing during clinical development [77]. 

Moreover, concerning the pre-clinical phase, the evidence suggests that projects 

obtained from external sources have a notably higher likelihood of progressing to 

clinical testing compared to internal projects [49, 78, 79]. This trend further exacerbates 

the trend towards mergers and acquisitions of SMEs and leaner parent companies [29]. 
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2.2.3 Compound screening 

Potential strategies to reduce attrition by learning from molecule characteristics are 

analysed and discussed in Waring et al. [78]. By analysing successes and failures of 

AstraZeneca, GlaxoSmithKline, Pfizer, and Eli Lilly the authors conclude that properties 

of molecules can give an insight into whether or not a molecule will progress to the next 

phase in development. For example, the difference in lipophilicity between compounds 

failing or successfully progressing from phase I to II. In addition, the authors state that 

analysing the properties thoroughly can be a beneficial field of research that can 

support to reduce pharmaceutical attrition rates [78]. The number of small-molecule 

drug candidates failing due to poor pharmacokinetic profile can be reduced 

substantially [78].  Screening failures as the main cost drivers were also identified in a 

study on driving factors of clinical trials for “Hospital-Acquired Bacterial Pneumonia and 

Ventilator-Associated Bacterial Pneumonia” conducted by the Tufts Center for the 

Study of Drug Development [81]. 

2.2.4 Stage of clinical development (Phase I, Phase II, /III) 

Most studies identified reporting costs on clinical trials in more detail did not include 

discovery/ preclinical costs: out of nine studies that published cost data on phase I-III 

studies, six did not cover discovery/ preclinical costs but rather estimated costs for 

discovery/ preclinical and included the estimated costs with Phase I costs. The range 

for discovery/preclinical costs (all in mil. USD) is 12.45 [14] – 513.39 [59]. The range for 

phase I trials is 3.35 [39] to 282.12 [61], for phase II trials 8.36 [39] to 378.35 [61] and for 

phase III trials 26.03 [71] to 304.93 [59] (see Table 2.2-1).  We can see that the largest 

margin, both in total numbers as well as in relation to one another is in the 

discovery/preclinical stage. 

Table 2.2-1:  Out-of-pocket (OOP) mean development costs (in mil. 2022 USD) 

*DNDi published their numbers in 2019 Euro- Firstly inflation adjusted to 2022 using the ECB’s inflation adjustment and then 

adjusted to USD 

**The total sum may differ due to rounding  
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2.2.5 Attrition rates  

Several factors contribute to the pharmaceutical industry's high attrition rates (failure). 

These include inadequate efficacy, safety concerns, lack of target validation, poor 

pharmacokinetic properties, and commercial considerations. Additionally, the 

complexity and costs of clinical trials, stringent regulatory requirements, and evolving 

scientific understanding of diseases and drug mechanisms further contribute to attrition. 

Understanding and reducing attrition rates are of top importance for pharmaceutical 

companies, as it can help minimize the financial risks associated with drug 

development. Efforts are being made to improve the drug discovery and development 

process through the use of advanced technologies, such as high-throughput screening, 

predictive modelling, and biomarkers, to enhance target identification, compound 

selection, and clinical trial design. 

Many experts from industry and academia share the belief that the success rate of 

clinical drug development projects has declined in the past decade [49, 53]. In a study 

on success rates of clinical trials Wong et al. found in accordance to those reports, that 

the overall success rate for all drug development programs showed a decline from 

11.2% in 2005 to 5.2% in 2013 [49] (see Figure 2.2-1). However, it is worth noting that this 

downward trend reversed after 2013. Numerous scholarly articles delve into the factors 

behind project failure and discontinuation. Table 2.2-2 shows attrition rates of 15 

identified studies published between 1991 and 2018. None of the studies included 

differentiate between scientific attrition and commercial attrition in reporting. Earlier 

studies by DiMasi [57, 65]) categorize reasons for failure into three main groups: safety 

(e.g., "human toxicity" or "animal toxicity"), efficacy (e.g., "activity too weak" or "lack of 

efficacy"), and economics (e.g., "commercial market too limited", "insufficient return on 

investment" or “parallel development of a competitor’s medicine”). These studies reveal 

a trend where economic factors progressively outweigh other reasons, and compounds 

failing due to economic, or efficacy concerns are more frequently terminated during 

later stages of clinical testing. In fact, economic considerations emerged as the primary 

cause for termination in advanced clinical research phases. A study by Kola & Landis 

[79] supports the finding that there is a trend towards commercial reasons for failure. 

They analysed pharmaceutical R&D from 1991-2000 and in that time period commercial 

reasons for attrition where below 10% in 1991 and roughly 20% in 2000 [79]. 

  



 

44 

 

This project has received funding from the European Union's Horizon Europe research 

and innovation programme under Grant Agreement number 101095593 

Table 2.2-2: Reported attrition rates: phase I-III and cumulative probability 

 

 
5 Data only includes drugs that passed Phase 1 
6 Not one average given but averages for different years between 1990 and 2004 
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Figure 2.2-1: Graph on Attrition rates from Wong et al. [49] 

2.2.6 Study designs and size of clinical trials 

Per-patient costs are rarely reported, however costing tools before starting clinical trials 

include estimates for per patient costs for various activities (as seen in Appendices 

Chapter 2). We identified five publications on per- patient cost estimates for 

pharmaceutical R&D and received additional input from the interviews with 

representatives of Clinical Trial Coordination Centres and from DNDi, leading to seven 

per patient clinical trial costs. DNDi reported that they have compared their  costs per-

patient and found comparable7 (similar) to the costs per-patient of for-profit 

companies. The literature search found a lack of reporting on per-patient costs.  

Clinical trials for pharmaceuticals involve a range of expenses linked to different phases 

of the trial, necessary for ensuring the safety and efficacy of drugs before public release. 

Common costs associated with pharmaceutical clinical trials are listed below [84, 85]: 

Site Selection and Management: Identifying and setting up clinical trial sites, covering 

investigator site fees, staff training, and monitoring expenditures. 

Patient Recruitment and Compensation: This includes expenses for advertising and other 

strategies to enrol eligible participants, as well as compensating them for their time and 

travel. 

 
7 No concrete data were shared in the interview. 
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Clinical Trial Supplies: The costs of manufacturing or procuring the investigational drug 

and placebo, as well as expenses related to packaging, labelling, and distribution to 

trial sites. 

Data Collection and Monitoring: Expenditures associated with data collection tools, 

electronic data capture systems, data management, and monitoring activities to 

ensure data quality and adherence to the trial protocol. 

Clinical Personnel and Expertise: Salaries and fees for medical professionals, 

investigators, study coordinators, and other personnel involved in conducting the trial. 

Safety Monitoring and Adverse Event Reporting: Costs related to monitoring participant 

safety during the trial and reporting any adverse events to regulatory authorities. 

Quality Control and Quality Assurance: Expenses related to ensuring the integrity and 

reliability of trial data through rigorous quality control and assurance processes. 

Statistical Analysis and Data Interpretation: The cost of statistical analysis of trial data 

and expert interpretation to draw meaningful conclusions. 

Insurance and Indemnity: Insurance to protect against potential liabilities and indemnify 

participating sites must be acquired. 

Overhead and Administrative Costs: General administrative expenses, office space, 

utilities, and other overhead costs related to running the clinical trial. 

Monitoring Committee Costs: In case of a data monitoring committee overseeing the 

trial's progress and safety, their compensation and expenses are included. 

Regulatory Costs: These charges are incurred during interactions with regulatory 

authorities, such as the FDA or EMA, for trial protocol review and approval. 

The expenses associated with clinical trials have increased over time due to a surge in 

per-patient expenditures, an increase in the number of patients participating in these 

trials, and the growing complexity of the trials [81]. To manage these costs effectively, 

two potential strategies are emerging. First, there is a trend towards outsourcing trial 

management to specialized Clinical Research Organizations (CROs). Additionally, 

conducting certain clinical trials in developing countries but also emerging markets is 

also seen as a cost-containing measure [86]. A strategy that has been employed to 

reduce costs for clinical trials is the outsourcing of clinical trials, especially Phase II and 

onwards to developing countries [87, 88].  A shift towards India, China and Brazil for 

clinical trials can be observed [88]. The latter two are also seen as potential new 

markets, whereas India, due to its weaker patent protection laws and lower possible 

spending on pharmaceuticals not to the same extent.  In 2007, for pivotal trials 11% of 

the patients came from Asia [89]. In a study from 2022 the authors found that 29% of 

clinical trials from 2014 to 2017 enrolled patients in lower middle income countries [90] 
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In a study by Scannell et al. [27], the authors highlight an increase in the average 

number of patients per trial, partially driven by regulatory demands for more extensive 

data and an increased risk-averse approach by regulators. However, averages can be 

misleading since fewer patients are involved in clinical trials for orphan [75]. In an 

analysis of all drug approvals by the FDA from 2015-2016, the average patient enrolment 

was 488 [75]. However, three orphan drugs had fewer than 15 patients, whereas 16 non-

orphan drugs had over 1000 patients in clinical trials each [91]. 

The complexity of clinical trials has grown due to both regulatory requirements and 

market demands. There is a shift towards more frequent testing of active compounds 

against placebos. Moreover, many public and private third-party payers now demand 

the inclusion of pharmacoeconomic and market-oriented variables in clinical studies to 

demonstrate cost-effectiveness. Based on a survey of pharmaceutical companies 

conducted by Mattison (Office of Health Economics) [92], development costs have 

increased due to these additional  Health Technology Assessment (HTA) requirements. 

Roughly half of the surveyed companies believe that costs have risen by up to 10%, 

while others estimate increases of 10–25% or 25–50%. 

Table 2.2-3: Costs per patient in clinical trials 

Average: €

€ 43,000

From € 5000 – 10,000 

* 2022 prices adjusted for inflation using the U.S. Bureau of Labor Statistics inflation calculator 

In a study by Moore et al. [75] the authors found that the highest-cost trials were those 

in which a new product was being developed that would compete with a well-

established product. In those cases to prove superior benefits over the competitor a 

high number of patients in clinical trials is needed to achieve statistical power to 

document small effects [75]. In a study by Emanuel et al. [93] comparing costs of clinical 

trials of government-sponsored and pharmaceutical industry-sponsored, the authors 

found that governmental-sponsored clinical trial take slightly more time on average 

(4012 to 3998 hours). Per patient costs for an industry-sponsored trial excluding overhead 

expenses were on average 9692.61 USD [93]. Costs per patient in clinical trials have a 

 
8 No information available on year for USD 
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large range from 9692.61 [93] to 110.764 (for phase III) [81] as seen in Table 2.2-3. From 

the lowest to the highest costs per patient over an 11-fold increase can be observed. 

2.3 Discussion 

Determining the expenses involved in introducing a new medication to the market can 

differ substantially, depending on various elements such as the specific therapeutic 

indication, drug complexity, number of required clinical trials, their lengths of follow-up 

and duration of the development process. Due to the diverse nature of drug 

development programs and the confidential information held by pharmaceutical 

companies, it is a challenge to provide an exact assessment of the average capitalized 

costs. 

2.3.1 Summary of findings and their interpretation 

Capitalized cost approximations encompass a broad range of expenditures, including 

direct costs like research staff, clinical trial expenses, and manufacturing costs, as well 

as indirect costs such as unsuccessful projects, overheads, and the opportunity cost of 

capital. While all the 24 included studies analysed costs of bringing one new drug to the 

market, none of them reported public contributions at different stages of the drug 

development. 

The discount rate reflects the preferred rate of return, or the cost of capital considered 

by pharmaceutical companies when evaluating investing and assessing the risks 

associated with drug development. It is worth noting that the selection of an 

appropriate discount rate involves subjective judgment and can vary among different 

organizations and analysts. The chosen discount rate significantly influences the 

estimated capitalized cost of pharmaceutical R&D, with higher COC leading to higher 

capitalized costs. When interpreting cost approximations, it is vital to consider the 

reasoning behind the selected discount rate, potential sensitivity analyses using 

different rates, and the assumptions and uncertainties associated with projecting future 

cash flows and outcomes in drug development [64]. 

Mainstream economic theories regard government funding as unproductive since it 

does not generate an expected return on investment [96]. The recommended discount 

rates of 3% and 7% by the US Office of Management and Budget for (unproductive) 

government spending are based on distinct theoretical principles [97, 98]: The 3% 

discount rate for federal spending approximates the historical cost of government 

borrowing, representing the full expense of government expenditure as written in OMB 

Circular No. A-94, “Guidelines and Discount Rates for Benefit-Cost Analysis of Federal 

Programs”, or short: A-94 [98]. On the other hand, the 7% discount rate reflects the 

average productivity of private-sector investments and serves as a measure of the 

opportunity cost to the economy when public-sector spending crowds-out private-
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sector investment [98]. Given evidence that funding from the National Institutes of 

Health (NIH) stimulates, rather than crowd-out private sector investment, it may be most 

in line with prevailing economic principles to estimate NIH investment using the 3% 

discount rate. Cooperations and knowledge exchange between the public and 

private are an ingredient factor of private sector productivity [99]. Public spending 

saves private companies millions in basic research. When comparing cost savings with 

the findings of DiMasi et al. [59] or Wouters et al. [5] on industry investment, it is suggested 

that the industry's R&D expenditures would more than double without the contributions 

from the public sector. Furthermore, this research acknowledges that economic 

efficiencies can arise through the transfer of knowledge or capabilities acquired from 

public-funded basic research to be utilized by multiple companies or products (see 

chapter 3 on public contribution). Such knowledge spillovers would decrease the 

estimated cost per approval attributed to the public sponsor.  

Overall, both the use of aggregate data and the use of project-specific data brings 

challenges. The studies that use project-level data are faced with the challenge of how 

to account for compound-non-specific research that influenced the development of 

projects [64]. By selectively including or excluding certain compounds/ medicines, 

selection bias can unintentionally introduce systematic errors that compromise the 

validity and generalizability of the findings. As discussed in the section on the origin of 

data the studies used, many of the studies use confidential data of pharmaceutical 

companies. It stayed unclear if the participating pharmaceutical companies randomly 

picked R&D projects and shared data on them with the researchers or if specific 

projects were selected. The pharmaceutical companies could have shared data for 

the least expensive as well as for the most expensive drugs in development. Light and 

Lexchin [100] critique studies that try to estimate drug costs for using confidential data. 

The problem with confidential data is the lack of trust in the data as well as its 

replicability.  

Only investigating the costs for self-originating compounds increases the variables that 

can be controlled for, but pharmaceutical companies often purchase licenses and buy 

patents. As a result of this trend, by only investigating self-originating compounds, a 

large number of drugs in development are being overlooked such as drugs that are the 

result of Public Private Development Partnerships. As a last point of concern in many 

different legislations, R&D expenses are deductible to incentivise high pharmaceutical 

activity [100]. Since the estimates in the analysed studies are pre-tax, the companies 

are incentivized to declare high R&D expenditures and a significant amount of 

resources “saved” by pharmaceutical companies is being neglected. 

When analysing aggregate data of R&D spending of pharmaceutical companies, the 

issue may arise, to pinpoint when the development of a drug started. For example, U.S. 
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Securities and Exchange Commission (SEC) reports9 include R&D spending as a whole 

for the last 3 years, however, drug development, as discussed by Wouters et al. [5] takes 

on average 8.3 years with large variance depending on the therapeutic field [45]. 

Consequently, in addition to aggregate data, researchers must analyse when the 

company first mentioned the generic name of the compound under development. 

Using this methodology excludes all early discovery (target-hit) or compound-

nonspecific research, and these associated costs - originated in academic institutions -  

are neglected. Whether acquisition costs are included in the R&D calculations is 

opaque and can only be analysed case-by-case. 

The issue of unaccounted costs of using scientific infrastructure that was paid for by the 

public is multifaceted: 

• Scientific infrastructure often generates positive externalities, which are benefits 

that extend beyond the direct users and have broader societal impacts. These 

can include knowledge spillovers, advancements in technology or healthcare, 

and economic development. Quantifying and capturing the full value of these 

externalities can be challenging, resulting in unaccounted costs that are not fully 

reflected in the user fees or funding models [101]. 

• Publicly funded clinical infrastructure requires ongoing maintenance, upgrades, 

and operational costs to ensure its continued functioning and relevance. 

However, these costs may not always be adequately accounted for or covered 

by user fees (charges for the use of public infrastructure) or government subsidies. 

Insufficient funding for maintenance can lead to deteriorating infrastructure 

quality, reduced efficiency, and higher long-term costs. 

• The opportunity cost of using publicly funded scientific and clinical infrastructure 

may not be explicitly considered. Opportunity cost refers to the potential 

alternative uses of resources, such as time, personnel, or equipment, if they were 

not dedicated to the (research and clinical) infrastructure. These costs can 

include missed research opportunities, delays in projects, or limited availability for 

other users or research purposes [101]. 

• There can be concerns regarding equitable access to publicly funded scientific 

infrastructure. Charges for the use of public infrastructure may be in place that 

can pose financial barriers for individuals or organizations, limiting their ability to 

benefit from the infrastructure. Therefore, unequal access can result in 

unaccounted costs and potential disparities in scientific advancement and 

innovation. Addressing the problem of unaccounted costs requires careful 

consideration and evaluation of the broader impacts and value generated by 

the scientific infrastructure. It may involve comprehensive cost-benefit analyses, 

assessing externalities, exploring alternative funding models, and ensuring 

 
9 The Securities and Exchange Commission (SEC) requires publicly traded companies to file periodic financial statements and 

sector specific data. 



 

51 

 

This project has received funding from the European Union's Horizon Europe research 

and innovation programme under Grant Agreement number 101095593 

adequate funding for maintenance and upgrades. Additionally, promoting 

transparency, accountability, and equitable access can help mitigate some of 

the challenges associated with unaccounted costs. 

2.3.2 Limitations 

This research has several limitations: 

None of the calculations for the cost estimations of the analysed studies were 

reproduced to check the validity of the results. Many of the data sources that the 

researchers used, used either proprietary data sources or confidential data which 

made it impossible to validate the results. Therefore, we cannot guarantee that the 

presented results were calculated correctly. 

Additionally, no critical appraisal and risk of bias assessment was conducted due to 

the heterogeneity of the studies. 

The literature searches conducted were not systematic searches, but targeted hand-

searches and screening of reference lists of authoring teams. Therefore, we could have 

missed additional information. Ideally, systematic review for each of the section and 

topics should have been conducted, esp. on the issues of influencing factors such as 

clinical trials costs, study design, compound screening and per phase costs. 

The majority of information is available for the US-American context, not only because 

of regulatory requirements but also due to the language. In Europe, research often is 

conducted in native languages, which makes including these papers exceedingly 

difficult. We made the choice to only include research in English and German to avoid 

issues that may arise with translation. 

However, we do not believe that any of the above limitations alter the general 

messages of the research results. 

2.3.3 Conclusion 

Measuring R&D activity of the pharmaceutical sector is challenging. Most detailed data 

on projects is confidential and aggregate data can be difficult to measure, considering 

there are no binding definitions for R&D. Therefore, many researchers have tried 

estimating R&D costs using either confidential data from companies directly or publicly 

accessible data or alternatively, a mixture of both. However, those methods pose 

challenges. Publicly accessible data might not be all encompassing while the use of 

proprietary databases and confidential data supplied by industry makes research to be 

non-replicable. The huge margins of the included studies prove that the lack of 

transparency leads to researchers working with different databases on the same topic 

come to vastly different cost estimates. One of the reasons being that even when the 
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project related cost is specified there will be many cost components that are cross 

cutting along all projects and difficult to apportion to individual projects (overlapping 

or crosscutting). This shows the need of generating a standardised method of R&D cost 

reporting. 

Out of 14 studies that analysed mixed therapeutic fields the top 5 highest cost estimates 

all had affiliations to industry or received funding from pharmaceutical companies. 

Because high R&D activity is rewarded with tax incentives it is in the interest of 

pharmaceutical companies to have researchers report high-cost estimates of bringing 

one new drug/medicine on the market. Non-affiliated researchers are unable to 

reproduce studies that use confidential data and therefore, cannot check the validity 

of the results.  

We identified attrition rates, type of therapeutic field, clinical trial design, cost 

differences between acquired/ licensed drugs and self-originating, origin of data, 

affiliation of the researchers and compound screening to be the determining factors for 

differences in R&D cost estimates. 

In conclusion, what the research shows is that for most of the R&D cost estimations in 

the literature the data used is not transparent and therefore the estimates cannot be 

replicated which reduces the quality and credibility of the figures provided. There is no 

standardized reporting of R&D activity, not even a standardized definition of R&D. 

Companies report annual R&D expenses but the money spent cannot be attributed to 

specific projects, neither can the expenses be disaggregated due to confidentiality. 

The public is forced to navigate through a labyrinth of research on the topic of cost 

estimates for drugs only to conclude that the research on the matter is very 

inconclusive. The estimates vary greatly and too many different interests are reflected 

in the cost estimates.  Ultimately, without policies that force companies to be 

transparent about their R&D expenditures the public will not know if their contribution 

was large enough to play a relevant role in price negotiations.  
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3 Public contributions to R&D of medical innovations   

In contrast to chapter 2 dealing with R&D costs for the development of 

pharmaceuticals only, chapter 3 is covering the public contributions to all kind 

of medical innovations, pharmaceuticals as well as medical devices, in-vitro-

diagnostics (IVD) and other health technologies. 

The public contributions to the development of medical innovations (drugs, 

devices, in-vitro-diagnostics, digital technologies) have been discussed since 

several years inspired by M. Mazzucato´s book on “Public vs Private Sector Myth”s 

[1] and strongly supported by several detailed analyses [2-7]. The evidence for 

public and philanthropic contributions to the development of medical products 

(medicines and devices) is sufficiently solid, even if most evidence was 

generated in the US. Media debate took up the increasingly strong data and 

accumulated on “the public pays twice” and, “risks are socialised and rewards 

are privatised“ [1]. However, even with increasing evidence, corresponding 

public policies (such as conditionalities for approval and for price setting) are 

lacking. The World Health Assembly stressed the need for transparency in their 

Resolution on “Improving the transparency of markets for medicines, vaccines, 

and other health products” in 2019 [8]. In April 2023 a proposal for a revision of 

the “Pharmaceutical Legislation”10was published and will be negotiated in the 

coming years. The draft pharmaceutical legislation contains a transparency 

requirement regarding public financial support received for research and 

development (R&D) activities for a medicinal product. Article 57 of the proposed 

medicines Directive [9] will require market authorization (MA) applicants and MA 

holders (MAH) to publicly declare any “direct financial support received from 

any public authority or publicly funded body” in relation to “any activities for the 

research and development of the medical product” covered by a national or 

centralised MA, irrespective of which legal entity has received the support. 

The obligation is not restricted to only EU financial support, so MAHs will also need 

to consider any funding received from public authorities and publicly funded 

bodies located outside of the EU.  The scope of the provision is very broad and 

covers direct funding for any R&D activities that relate to the development of the 

medicinal product.  This reporting obligation could therefore include funding 

received during pre-clinical as well as clinical stages. However, the recitals to the 

Directive recognise that it will be difficult to identify indirect funding, such as tax 

 
10 consisting of a new Directive [9] (repealing and replacing Directive 2001/83/EC and Directive 2009/35/EC) and a 

new Regulation [10] (repealing and replacing Regulation (EC) No 726/2004 on the authorization and supervision of 

medicinal products for human and veterinary use and establishing a European Medicines Agency and No. 141/2000 

on “orphan” medicinal products and incorporating relevant parts of the Paediatric Regulation (Regulation (EC) No 

1901/2006)).  
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advantages [11].  The “the reporting obligation should only concern the direct 

public financial support such as direct grants or contracts.” Within 30 days from 

the grant of the MA, the MAH must prepare an electronic report, which includes 

the amount of financial support received and the date of receipt, indicating the 

public authority or publicly funded body that provided the financial support and 

the legal entity that received it.  The report must be (i) audited by an external 

auditor; (ii) accessible to the public via a dedicated webpage; and (iii) be 

updated annually [11]. However, no such obligations have been formulated yet 

for medical devices, digital technologies or in-vitro-diagnostics (IVD). 

 “R&D” comprises a wide range of activities and different aims starting with basic 

research aiming at mechanistic understanding of diseases, pre-clinical research 

aiming at the investigation to create a new molecule, medical device or 

therapy, development is about refining manufacturing techniques and clinical 

research is mainly about generating the evidence about the efficacy and safety 

of that therapy that will support regulatory approval and health technology 

assessment (HTA). Securing intellectual property (IP) is quite different at each 

phase: pre-clinical knowledge (about the molecule or device) is protected by 

patent. Knowledge on the development (e.g. about manufacturing techniques) 

is protected sometimes by patent and sometimes by trade secrets. Clinical 

knowledge (after approval) is protected by market exclusivity and data 

protection rights.  

It is the intention of the following paper to capture the categories one might 

need to think of, be it direct or indirect public contributions to R&D and to provide 

a framework for standardized reporting of public contributions to R&D and to 

reduce ambiguity in the interpretation of “direct” and “indirect” public 

contributions. However, a comprehensive compendium of all public 

contributions is neither intended nor seems realistic, but a comprehensive system 

of categories is nevertheless aimed for – applicable to medicines, medical 

devices and other health technologies.  

3.1 Results: Public contributions to R&D of (medicinal and 

other) products reported in the literature 

To answer the research question (RQ3) which public contributions to R&D of 

medicines (and other products such as medical devices) a targeted hand 

search has been conducted. The research area of analysing public contributions 

to medicinal and medical product development has started to evolve about a 

bit more than a decade ago by several researchers and public institutions, and 

has gained speed in recent years, so far lacking a stringent methodology. They 

are based on either crude estimations across groups of products (mostly drugs) 
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or on detailed analyses of on singular case studies of products (see details in 

Table A- 1 in the Appendices Chapter 3).   

Study characteristics 

Several data-analyses of large cohorts of FDA approved drugs reported in ten 

publications (two of them updated earlier analyses at different points in time 

(Stevens et al. 2011 [12] and 2023 [13] and Cleary et al. 2018 [14] and 2021 

[15],[7]) or analysed subsamples (Nayak et al 2021 [16] of a larger dataset [6]) 

could be identified. Sampat et al. reported as early as 2011 on public 

contributions to 379 new molecular entities (NME) (approved 1988-2005)  [17] and 

Nayak et al. 2021 on 248 (approved 2008-2017) [16]. Additional to these broad 

analyses across many different drug approvals and indications detailed 

investigations into single drug (and one in-vitro-diagnostic device) development 

histories could be found in the literature. 

All analyses originate in a few authoring-teams at the Harvard Medical School 

(Division of Pharmacoepidemiology and Pharmacoeconomics) [6, 16],[2, 18-23], 

the (US-) Institute for New Economic Thinking [7, 14, 15], authors from Columbia 

University [17, 24], US-authoring teams [12, 13] or Japan-based [25] from 

Technology Development, IP and Science Policy or from Advocacy Groups such 

as Treatment Action Group [26, 27] or UK-based Global Justice Now [28]. In 

Europe, only the Austrian Institute for Health Technology Assessment (AIHTA) [3, 

4, 29] authored a few publications. None of the authoring researcher or teams 

declared to have a conflict of interest. All the research was financed by science 

grants of diverse public or charitable funds. 

Results on public contributions to R&D reported in publications 

Based on the datasets (some started as early as 1973 [12], [13] until  2019 [7]) 

across FDA approved drugs (NMEs) the  analyses find that between 42% of all 

biologicals [16], half of all drugs approved [17, 25] or even >90% of drug target 

research [14] are associated with public sector institutions and/or their spin-offs. 

The association is even higher with drugs rewarded with “priority” or “expedited 

review”: 64.5% [17] to 68% [6] indicating therapeutic importance. Between 9% of 

FDA- approved drugs hold public sector patent, even 17.4% for “priority” review 

candidates [17]. Global Justice Now estimated in 2017 that the public pays for 

two-thirds of all “upfront” (before approval) R&D expenditures for the 

development of drugs and that around one-third of all medicines originate in 

research institutions in the public sector [28] (see Table A- 1 in Appendices 

Chapter 3). Virtually all the important, innovative vaccines that have been 

introduced during the past 25 years have been created by public institutions [12]. 

Additional to the dominance of the indirect public sector effect over the direct 

effect (patents), the sales for these “priority review” drugs based on publicly 
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funded R&D were far higher than for “standard review” drugs [17]. Most analyses 

focused on public contributions to basic research, however public contributions 

were found in at least one in four new drugs also in late stage development [6]. 

In Europe, 12.3% of all EC FP7-Health awards were related to the funding of late-

stage clinical research, totaling € 686,871 million (mil). Pharmaceutical products 

and vaccines together accounted for 84% of these late-stage clinical 

development research awards and 70% of its funding [4].  

Public funding amounts to $839 million (mil) (2018) [14] to $1.44 billion (bil) [7] per 

first-in-class drug approval on basic or applied research for products with novel 

targets or $599 mil [7] per approval considering applications of basic research to 

multiple products.  2/3 of drugs and vaccines are discovered in the US and 

Canada, 1/3 in Europe (Germany, UK, Belgium, etc.), in the Asia-Pacific region 

(Australia, Japan) and Middle East (Israel) with on average $0.77 bil (Belgium), 

$0.55 bil (USA), $0.23 bil (UK), $0.14 bil (Germany) or $1.06 bil (Israel) academic 

expenditures per drug [13]. The top discovering public sector institutions were 

among other the NIH, Univ. of California, Emory University (USA), KU Leuven 

(Belgium), Hans Knöll Institute (Germany) and the Weizmann Institute of Science 

(Israel) [13]. 

One author concludes [7, 15] that spending from the NIH was not less than 

industry spending, with full costs of these investments calculated with 

comparable accounting. 

Detailed analyses of development histories of products based on singular case 

studies strengthen the overall picture:  Vokinger et al. focused on three highly 

expensive gene-therapies (Luxturna®, Zolgensma®, Carvykti®) [23] and CAR-T 

cell therapy [22]. The study showed the paths of development from basic 

research in academic settings to spin-offs or small biotech companies to late-

stage acquisitions by large pharma companies. Roy described the drug history 

of Sofosbuvir (Sovaldi®) for patients with hepatitis C, indicating that public 

funding had a key role in developing and showcased the economic process 

(financialization) of buying academic knowledge and developing it with private 

equity resources to a profitable drug  [30]. Barenie et al. identified 29 direct grants 

(US $7.7 mil) and 110 indirectly related awards (US $53.2 mil) granted to major 

academic institutions and companies engaged in the development of Sovaldi®. 

Schmidt et al. focused on paediatric orphan drugs (Spinraza®, Brineura® [29], 

Orfadin® [4]).  The public/philanthropic contributions to funding of product-

related research ranged between approximately €20 mil (Spinraza®) and €31 mil 

(Brineura®), however, the basic and translational research for Spinal Muscle 

Atrophy (SMA) totalled €165 mil and showed the role of philanthropic funding in 

the development of SMA-therapies [29]. Barenie et al. trace the history of the 

widely sold drugs Pregabalin (Lyrica®) [20] and Buprenorphine (Subutex®) in 

opioid use disorder, acute pain, and chronic pain [18]. They found numerous NIH 
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awards related to pregabalin's development summing up to $13.8 mil and an 

estimated $62.3 mil in NIH awards for the development of Buprenorphine.  

Others researched on the role of public R&D in the PARP-Inhibitor Olaparib 

(Lynparza®) in breast cancer [3],  on Abiraterone (Zytiga®) in prostate cancer 

[31], Alemtuzumab (Lemtrada®) in Leukaemia, later Multiple Sclerosis, the tumor 

necrosis element (TNF) blocker Adalimumab (Humira®) in rheumatoid 

arthritis and other diseases, Infliximab (Remicade®) to treat a number of 

autoimmune diseases [28], Bedaquinile (Sirturo®) in tuberculosis [26] and many 

others  compounds [5, 16]. Tessema investigated the HIV pre-expositions 

prophylaxis (PrEP) therapy Tenofovirdisoproxil (Truvada®) and counted a $143 mil 

public funding (inflation adjusted to 2022) [21]. Most recently, the public 

contributions to the development of mRNA vaccines have been discussed 

openly [2, 32, 33]: 34 NIH funded research grants that were directly related to 

mRNA covid-19 vaccines. These grants combined with other identified US 

government grants and contracts totaled $31.9 bil (€29.7 bil), of which $ 337 mil 

was invested pre-pandemic. Pre-pandemic, the NIH invested $116 mil (35%) in 

basic and translational science related to mRNA vaccine technology, and the 

Biomedical Advanced Research and Development Authority (BARDA) ($148 mil; 

44%) and the Department of Defense ($72 mil; 21%) invested in vaccine 

development. After the pandemic started, $29.2 bil (92%) of US public funds 

purchased vaccines in risky Advanced Purchasing contracts (APC) including the 

acceptance of liability clauses, $2.2 bil (7%) supported clinical trials, and $108 mil 

(<1%) supported manufacturing plus basic and translational science [2]. 

However very few have researched yet on other technologies than drugs, such 

as biomarker and molecular diagnostic technologies as well as gene-panels [27]. 

Additionally, most research is based on approved medicines and on following 

their development backwards rather than analysing public R&D and the 

licenced and patented outputs to also capture the public risk-investments: The 

hepatitis C vaccine received total European Community (FP7 and its 

predecessor, FP6) funding of  €13,183,813 mil; total public and charitable 

research funding for this product development was estimated at €77,060,102 

mil). The industry sponsor did not consider further development of this product 

viable; this now represents a public risk investment [4].  

Sources used in published analyses 

As sources for searches for public contributions, most authors searched in a key 

set of sources such as the FDA Database for information on approvals and 

information on type of review (priority, standard, etc.) and designation (orphan, 

etc.), the FDA´s Orange Book for patents, patent citation data, citation analyses 

on acknowledged funding and grants and employment information of authors 

and the NIH RePORTER for NIH funds per drug and per target. Most analyses so 
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far have been conducted on US-sources, only very few on European information 

and even less on failed development with public funds (public risk investments) 

[4] (see Table 3.1-2).  

Only a few authors (see Table 3.2-1) used additional sources on pharmacological 

and historical information on chemicals, drugs and biologicals (Merck Index or 

Therapeutic Target Db (TTD)) on drug development, clinical trials, safety, 

commercial deals and patents (AdisInsight) or on change of ownership 

(Technology Transfer Websites from universities on spin-out/offs, SEC-filings for 

royalty, mode of agreements such as licensing agreements or acquisitions and 

payments  in FiercePharma, FierceBiotech, STAT Health). For public support to 

SME a range of sources, though mostly national, were searched, for information 

of public sponsorship of clinical trials two databases (ICTRP and 

ClinicalTrials.gov), but also requests to market authorization holder (MAH) as well 

as to investigating institutions were used. The least often a spotlight was put on 

the public contributions to market authorization and post-market launch, ev. 

because source are rare: National tax incentives, orphan drug incentives, tax 

deduction policies for donation programmes and post-launch data collections 

were either estimated or only mentioned. 

Table 3.1-1: Sources to search for public contributions used in published analyses 

https://www.fda.gov/drugs/development-approval-process-drugs/drug-approvals-and-databases
https://www.fda.gov/drugs/development-approval-process-drugs/drug-approvals-and-databases
https://merckindex.rsc.org/
https://adisinsight.springer.com/
https://db.idrblab.net/ttd/
https://www.fda.gov/drugs/drug-approvals-and-databases/orange-book-data-files
https://www.fda.gov/drugs/drug-approvals-and-databases/orange-book-data-files
https://reporter.nih.gov/
https://cordis.europa.eu/
https://pubmed.ncbi.nlm.nih.gov/
https://autm.net/surveys-and-tools/surveys/licensing-survey
https://www.sec.gov/edgar/searchedgar/companysearch
https://www.ama-assn.org/practice-management/medicare-medicaid/physician-financial-transparency-reports-sunshine-act
https://www.ama-assn.org/practice-management/medicare-medicaid/physician-financial-transparency-reports-sunshine-act
https://www.clinicaltrials.gov/
https://www.who.int/clinical-trials-registry-platform
https://www.who.int/clinical-trials-registry-platform
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Public contributions considered in published analyses 

The categories of public contributions (see Table 3.2-2) to drug (and other 

technologies) development considered in all identified analyses are 

supranational and national funds and grants for basic, pre-clinical and applied 

(or translational) research up to the point of institutional support for filing a patent 

and for technology transfer. (Legal, technical and financial) support to spin-

outs/offs from universities or start-up small or medium enterprises (SME) were 

mentioned, but less often considered in the actual data-analyses, since these 

grants to companies, but also provision of facilities/ infrastructure (often national 

or even regional data sources or lack of transparency) are not as easily available 

and accessible as research funds [34]. Ownership changes from academic 

institutions to SME and later multinational corporates were considered by Roy 

[30], Vokinger [23], Newham/ Vokinger [22].  Late stage development in form of 

public support for clinical research was considered in Nayak [6, 16] broadly and 

in Schipper et al. [34] in much detail, showcasing the multitude of  sub-categories 

of funding and sources. Finally regulatory support in form of technical assistance 

for registration, methodological guidelines, but also the provision of priority 

reviews or vouchers are considered as a form of public investment due to their 

opportunity costs in Gotham [26, 27] only, as tax credits and deductions due to 

donations and post-launch data collections, often called real-world data for 

generating additional evidence, are considered. 

Table 3.1-2: Categories of public contributions considered in published analyses 

 

To conclude, the research area of public contributions to health product is still in 

its infancy. However, it has gained increasingly interest and more analyses can 

be expected. For the next chapter we used the identified categories and 

searched in European sources for public information on contributions in these 

categories. 
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3.2 Results: Categories of (direct and indirect) public 

contributions to R&D of (medicinal and other) products 

To answer RQ4 the categories of public contributions to R&D of medicinal as well 

as medical devices and other health technologies – identified in the literature 

and in interviews - will be explored in the following sections of this chapter (see 

Table 3.3-1). 

Table 3.2-1: Overview of categories of public contributions addressed in data collections 

PLEG-Post Launch evidence generation, RWE – real-world-evidence, SME – small and medium enterprise 

3.2.1 Public contributions to basic, applied and translational 

research 

According to OECD data, the OECD countries were spending 2.7 % of their gross 

domestic product (GDP) on R&D, with EU-27 spending only 2.2 %  [35]. In absolute 

numbers R&D spendings sum-up to $470.73 bil  (in EU-27), resp. $1,821.34 bil all 

OECD countries, of which two-thirds of expenditures is financed by business 

enterprises and one-third by the public/governmental institutions and from 

private not-for profit institutions (data from 2020: [36]).   

In 2022, the total government budget allocations for R&D (GBARD11) across the 

EU stood at €117.4 bil, equivalent to 0.74% of GDP. This was a 5.4% increase 

compared with 2021 (€111.4 bil) and a 49.2% increase compared with 2012 (€78.7 

bil) [38]: the biggest share of the GBARD, namely 35.5%, was directed to the 

general advancement of knowledge financed in a large majority by a public 

block grant known as public general university funds (GUF), 16.5% of the GBARD 

was earmarked for the general advancement of knowledge from other sources 

than GUF, followed by 10.2% to industrial production and technology, 8.3% to 

 
11 GBARD covers not only government-financed R&D performed in government establishments but also government-

financed R&D in the other three national sectors: business enterprise (BES), private non-profit (PNP), higher 

education (HES) as well as the rest of the world, including international organisations (§ 12.16, Frascati Manual, 

[37]). 
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health and 5.9% to exploration and exploitation of space [38]. Health receives 

the fourth largest share of government R&D budget allocations.  

Figure 3.2-1 Public contribution to basic and translational research (inspired by [39]) 

To contrast: business enterprises expenditures on R&D (BERD) performed in the 

pharmaceutical industry is not reported cumulatively in OECD sources, but in 

EFPIA reports. For 2020: €39.66 bil expenditures on R&D in the region of Europe is 

reported [40]. However, due to a lack of a clear definition what is covered in 

Pharma R&D – one might assume that companies count as R&D all expenditures 

on activities for their products (direct such as clinical trials or indirect such as, 

manufacturing and distribution of the investigational drug) –, it is not possible to 

compare the public and private expenditures. Not surprisingly, most spendings 

(76%) of pharma-R&D happen in only a few countries: Germany (€7.8 bil), 

Switzerland (€7.4), UK (€5.65), Belgium (€4.96) and France (€4.5) [40]. 

MedTechEurope [41] does not report cumulative R&D spendings in Europe, 

publicly. 

National expenditures on R&D for health research, life science and 

biotechnology are highly intransparent and not reported in a standardized and 

detailed manner (see Table A- 2 in Appendices Chapter 3). A review on public 

and philanthropic health research funding institutions, listing the 55 major funders, 

found that although large funding sums are provided (in 2010-2013, $37.1 bil of 

10 top funders) there was neither a standardized classification system to report 
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on funding (areas of funding, specificity on details, on outputs) nor a format of 

reporting [42].  However, the EC-grants (see also Table A- 6 in Appendices 

Chapter 3) are not only reported transparently, but also evaluated – even 

though with a certain delay of several years. Table 3.3-2 displays the funding of 

health projects within the last three research frameworks since 2007. 

Table 3.2-2: EC R&D funding in health  

 
Even if, overall data does not provide enough granularity to account for or 

estimate the public R&D contributions to medicinal or medical product discovery 

and development, this information helps to contextualize specific projects in a 

broader picture.  

• Framework 7 (FP7, 2007-2013) had an overall budget of €55 bil, within the 

theme health FP7contributed with €5.6 bil to 1 008 projects in four areas 

(so-called pillars): 1. Biotechnology, generic tools and medical 

technologies for human health  (174 projects, impact: 107 patents, 15 spin-

off companies), 2. Translating research for human health (553 projects, 

impact: 126 patents, 19 spin-off companies), 3. Optimising delivery of 

health care to European citizens (139 projects, impact: publications only, 

2 spin-off companies) 4. Other actions across the Health theme (121 

projects, impact: 1 patent, 1 spin-off company) and Innovative Health 

Initiative (IMI1) (49 projects, impact: 1 patent, 16 spin-off companies [43]. 

(see in more detail: Table A- 4 to Table A- 5 in the Appendices Chapter 3). 

Patent filed derived virtually all from projects funded under pillar 1 and 2. 

Of all participants (n=12 599), 438 (3.5%) represented the European 

Federation of Pharmaceutical Industries and Associations (EFPIA), 505 

other industries (4%) and 1 944 participants were SMEs (15.4%) [44].   

• Horizon 2020 (2014-2020) was resourced with: €75 bil (€28.6 bil for societal 

challenges  including health, demographic change and well-being with 

€7.3 bil [45], 6 571 projects (CORDIS) in health sciences with €9.8 bil  EU 

contributions, areas of intervention: personalised medicine, innovative 

health and care industry, infectious diseases and improving global health, 

innovative health and care systems - integration of care, decoding the 

role of the environment, digital transformation in health and care and 

trusted digital solutions and cybersecurity in health and care [46]. Only in 

IMI2 (126 projects with an impact of 11 patents, spin-off companies not 

reported) were conducted. An evaluation will be published - according 

to the evaluator Prognos - in Q1/2024 [47].  
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• Horizon Europe (2021 – 2027) is resourced with: €97 bil (€53.516 bil for global 

challenges and European industrial competitiveness including health with 

€8.246 bil [48], 988 projects so far (CORDIS) in health sciences with €2.367 

bil EU contributions, areas of intervention: health throughout the life 

course, environmental and social health determinants, non-

communicable and rare diseases, infectious diseases including poverty-

related and neglected diseases, tools, technologies and digital solutions 

for health and care including personalised medicine, health care systems 

[49].  

The attribution of public resources to the development of individual products can 

only be done on a case-by-case basis. This will be piloted in later stages of the 

project HI PRIX.  

Two examples for disease-specific basic, applied and translational research  

Most research on public contributions focus on NIH-support and very little is 

researched on EC R&D funds contributing to product development. While 

national expenditures are highly intransparent on details for expenditures for 

health (see Table A- 2 in Appendices Chapter 3), the EC RTD provides detailed 

reports on investments in R&D in Health and Biomedical Research. However, the 

attribution of these investments to the development of individual products can 

only be done for specific groups of products and will be explored in the 

exemplary case studies of orphan drugs and antibiotics. The following subsection 

will explore some of the project categories in more detail and will provide 

examples to illustrate the content of public contributions. 

Example 1: Rare diseases and R&D for orphan drugs development  

Despite the progress in quantity of rare disease drug development, the burden 

of rare diseases remains high. Treatment options are available only for around 5% 

[50]. According to a report from Technopolis (2019) [51], between 2007 and 2017, 

131 medicines were approved as orphan medicinal drugs (OMP) for 107 rare 

diseases (actually 142, but 11 were withdrawn). 22 drugs were approved for two 

or more indications and for different periods of market exclusivity [51]. The 

proportion of supplemental indications rated as having high therapeutic value 

was substantially lower than for first indications [52].  28% of all OMPs are 

oncology drugs (e.g. for Acute Myeloid Leukaemia/AML or gliomas), i.e. in 

indication areas where other therapeutic options were already available. The 

report found that the development of new OMPs had increasingly clustered 

around a limited number of therapeutic areas and indications, calling into 

question the incentives for the development of OMPs, since for the vast majority 

of rare diseases, no products have been developed [53]. 
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Due to the failure of the legislation to incentivize the needs-based development 

of OMPs, funding institutions in the US as well as in Europe have initiated extensive 

research programmes for rare diseases and granted clinical research grants for 

funding research on rare diseases:  

• USA: The Office of Orphan Products Development (OOPD) of Food and 

Drug Administration (FDA) has awarded over 700 grants to conduct 

clinical trials of medical products for rare diseases since 1983, leading to 

over 70 marketing approvals. Many of those studies are for children, as 

young as newborns.  Between fiscal years 2007—2011, OOPD funded 85 

clinical trial grants. These grants spanned 18 therapeutic areas, including 

all pre-approval phases (Phases 1–3), and approximately 75% of the grants 

studied small molecule drugs. Nine (11%) product approvals (seven drugs 

and two devices) were at least partially supported by grants funded within 

this (narrow) 5-year timeframe. Four of the seven drugs approved were 

new molecular entities (NMEs) [54]. The FDA lists (2021) another 11 grants 

awarded to new clinical trial research, equalling more than $25 mil of 

funding for the next 2-4 years (see Table B- 1 and Table B- 2 in Appendices 

Chapter 3) [55]. Even though only snapshots on the public contributions to 

late-stage development of medicines for rare diseases are available, it is 

an additional proof of direct public spending. 

• Looking at Europe, the EC RTD has launched a large “European Joint 

Programme on Rare Diseases (EJP RD, https://www.ejprarediseases.org/)” 

since 2007 with annual calls (14 calls 2007-2022, 194 funded projects) (see 

Table B- 3 and  

• Table B- 4 in the Appendices Chapter 3).   According to CORDIS 

(https://cordis.europa.eu/project/id/825575/reporting) the EJP RD 

consortia received  €100.36 mil (only in 2019-2023) (of which the EU 

contribution was €55.07 mil; the rest is financed by national public R&D 

partners such as the Austrian Research Fund (FWF) or the German 

Research Fund (DFG). 

Example 2: Antimicrobial resistance (AMR) and R&D for new antibiotics 

Antimicrobial resistance is an urgent and growing global threat [56]. In 2017, the 

EC adopted the EU “One Health Action Plan against AMR” [57]  as a framework 

to boost R&D on AMR, including research calls for the clinical management of 

AMR, new diagnostic and intervention tools, early signalling and assessing 

zoonotic threats and preventive vaccines [53]. A preceding review in 2016 [58] 

and several overviews of ongoing preclinical [59] and clinical developments [60] 

[61] [62] [63] found that there are 17 compounds in phase 3 trials (see Table B- 5 

in Appendices Chapter 3) and further 82 in phase 1 or 2. Multilateral initiatives, 

such as … 

https://www.ejprarediseases.org/
https://www.ejprarediseases.org/
https://www.ejprarediseases.org/
https://cordis.europa.eu/project/id/825575/reporting
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• the Joint Programming Initiative on Antimicrobial Resistance (JPIAMR, 

https://www.jpiamr.eu/): The JPIAMR is comprised of 29 countries with the 

purpose of coordinating the national funding of its members towards 

specific AMR research projects. To date (2023), the initiative has funded 

projects for €141 mil. The funding is push-based12 and is almost exclusively 

directed towards academic research of basic and preclinical science 

[58].  

• the Global Antibiotic Research and Development Partnership (GARDP, 

https://gardp.org/): GARDP is a non-profit initiative that is jointly managed 

by the Drugs for Neglected Diseases Initiative (DNDi) and the WHO. The 

GARDP aims at accelerating antibiotic development and has four 

antibiotic treatments in its pipeline, in development with industrial partners. 

From 2016 to 2022, the total funding commitments and pledges to GARDP 

were €178 mil.  

• the Combating Antibiotic Resistant Bacteria Biopharmaceutical 

Accelerator (CARB-X, https://carb-x.org/): CARB-X is a transatlantic 

public–private partnership that aims to accelerate basic science and 

preclinical R&D for a large portfolio of antibiotics, rapid diagnostic tools, 

and other antimicrobial products. CARB-X has a $398.2 mil invested until 

2023 in 92 projects with funding support from BARDA, the US National 

Institute of Allergy and Infectious Diseases (NIAID), the UK’s Wellcome Trust, 

GAMRIF, and the Bill & Melinda Gates Foundation. To date, 12 clinical trials 

have been conducted. 

• the European and Developing Countries Clinical Trial Partnership (EDCTP): 

The EDCTP is a public–private partnership that brings together European 

countries, sub-Saharan African countries, and the pharmaceutical 

industry to facilitate clinical trials on new drugs for priority pathogens in 

antimicrobial resistance treating poverty-related communicable diseases 

in sub-Saharan Africa. 

• In the EU DG-RTD has been a leader in initiating policy action to revitalize 

the antibiotic market [58] with the Innovative Medicine’s Initiative (IMI, 

https://www.imi.europa.eu/), and the InnovFin Infectious Diseases Facility 

(InnovFin13; EU finance for innovators). Beyond these specific 

programmes, the EC provides funding support to numerous smaller R&D 

projects (see Table B- 7 in Appendices Chapter 3). Between 2007 and 

2013, the DG-RTD gave €235.6 mil in direct funding for European antibiotics 

and diagnostics R&D projects, which were separate from the IMI and 

 
12 Push incentives aim to support innovation, R&D of new antibiotics from the early stages of basic science 

to clinical trials. 
13 H2020 Initiative of European Investment Fund (EIF) and European Investment Bank (EIB) to finance innovators. 

https://www.jpiamr.eu/
https://gardp.org/
https://carb-x.org/
https://www.imi.europa.eu/
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EDCTP. The IMI-New Drugs for Bad Bugs (ND4BB) programme is dedicated 

to the discovery and development of novel antibiotics for humans. 

Funding for the ND4BB programme is split between the EU and EFPIA and 

totals €700 mil (of which €427 mil are public contributions). There are seven 

core projects, which offer push-based support to most aspects of the 

antibiotic value chain: TRANSLOCATION and ENABLE assist early drug 

discovery, COMBACTE supports clinical development of antibiotics for 

Gram-positive bacteria, COMBACTE-CARE, COMBACTE-MAGNET and 

iABC facilitate clinical development of antibiotics for Gram-negative 

bacteria, and DRIVE-AB explores economic solutions to stimulating 

antibiotic R&D in a sustainable manner. DRIVE-AB’s final report with 

recommendations was published in early 2018.  

… have been formed to tackle the challenge of antimicrobial resistance [58]. 

The antibacterial drug discovery is mainly driven by academic research in 

cooperation with SME [64]. In 2015 60 SMEs were engaging in anti-bacterial drug 

R&D, of which more than half is concentrating entirely on antibiotics. The SMEs 

are more often engaged in the discovery and early research stages, larger 

companies step in later clinical development stages [64] (see Table B- 6 in 

Appendices Chapter 3).  

3.2.2 Public contributions to horizontal (pre-competitive) research  

Horizontal cooperation agreements between competitors to collaborate in 

certain areas, such as R&D, can be pre-competitive allowing companies to 

respond to increasing competitive pressure and changing market dynamics. 

They are used as a EC-policy tool to share risk, save costs, increase investments, 

pool know-how, and speed up innovation in Europe [65].  Horizontal “pre-

competitive”14 public contributions to product development are not at all or 

only rarely mentioned as public contributions to product development. In Europe 

the Innovative Medicines Initiative (IMI) is the most prominent example for 

extensive public contributions to drug development: IMI is intended as an 

initiative to increase the competitiveness of pharmaceutical research institutions 

in the European Union. IMI is the world's biggest Public-Private-Partnership (PPP) 

between the European Commission (EC) and pharma companies coordinated 

by the European Federation of Pharmaceutical Industries and Associations 

(EFPIA) aiming to speed up the development of medicines in Europe. The origins 

of the Innovative Medicines Initiative (IMI) lie in the European Technology 

Platform (ETP) on Innovative Medicines: ETPs were industry-led for a made up of 

private and public stakeholders. The Innovative Medicines Initiative (IMI, ….) and 

 
14 Pre-competitive is defined by conducting research jointly by usually competing companies for the purpose of 

developing new commercially applicable technologies. 

http://cordis.europa.eu/project/rcn/78755_en.html
http://cordis.europa.eu/project/rcn/78755_en.html
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its successor Innovative Health Initiative (IHI) was founded as PPP between 

pharma-companies (IMI) and the EC, now encompassing also MedTech 

Companies to strengthen the respective industries in Europe (see Table 3.2-3).  

Large companies that are members of the IHI industry partners contribute to the 

programme, primarily through ‘in-kind’ contributions (e.g. their researchers’ time, 

laboratories, data, compounds), though they can also make cash contributions. 

At least 45% of each project’s budget has to come from industry partner / 

contributing partner contributions, meaning that out of that 45%, for instance, 

30% could correspond to the salaries of industry staff working on the project, 10% 

to trials, and 5% could be cash. 

Table 3.2-3: Funding of public-private partnership (PPP) programmes 

 

• ETP-INNOMED (Innovative medicines for Europe, 2005-2009) was part of 

the 6th Research Framework Programme (FP6) on LifeSciences and had 

an overall budget of €18.5 mil, of which the public contribution by the EU 

was € 12 mil  (https://cordis.europa.eu/project/rcn/78755/en). The 

individual projects targeted the four bottlenecks in the drug development 

process: Safety, Efficacy, Knowledge Management, Training and 

Education. 

• IMI1 (Innovative Medicines Initiative, 2008-2013) was part of the 7th 

Research Framework Programme (FP7) with an overall budget of  €2 bil: 

€1 bil came from the Health theme of the EU- FP7, €1 bil came from in-kind 

contributions of EFPIA companies (https://www.imi.europa.eu/about-

imi/imi-funding-model). 

• In IMI2 (2014-2020), the total budget was €3.276 bil, of which €1.638 bil 

came from the Health, Demographic Change and Wellbeing Societal 

Challenge of Horizon 2020, the EU's framework programme for research 

and innovation and €1.425 bil was committed to the programme by EFPIA 

companies (https://www.imi.europa.eu/about-imi/imi-funding-model). 

• After extensive evaluation of the IMI-programmes [66] and criticism from 

several Public Health advocacy institutions such as Global Health 

Advocates and Corporate Europe Observatory [67], Prescrire [68] AIM 

https://cordis.europa.eu/project/rcn/78755/en
https://www.imi.europa.eu/about-imi/imi-funding-model
https://www.imi.europa.eu/about-imi/imi-funding-model
http://ec.europa.eu/programmes/horizon2020/en/h2020-section/health-demographic-change-and-wellbeing
http://ec.europa.eu/programmes/horizon2020/
https://www.imi.europa.eu/about-imi/imi-funding-model
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(Healthcare and Social Benefits for all) and MN (Istituto de Ricerche 

Farmacologiche Mario Negri) [69] in 2021 the programme was revised and 

opened to a broader range of sectors from the medical technology, 

biotechnology, digital health and vaccine industries 

( COCIR, EFPIA (including Vaccines Europe), EuropaBio and MedTech 

Europe, https://www.ihi.europa.eu/about-ihi/imi-ihi).  Criticism focused on 

the sole “agenda setting” and “governance” of the research 

programmes by industry and – accordingly – public investments in areas 

in which industry would have the need to invest anyhow [67]. 

• IHI (2021 – 2027) has a total budget of €2.4 bil, €1.2 bil comes from Horizon 

Europe, the EU’s framework programme for research and innovation, €1 

bil will come from the IHI industry partners, €200 mil will come from other 

life science industries or associations that decide to contribute to IHI as 

contributing partners. 

IMI’s Strategic Research Agenda (SRA), adopted in 2008 [70] for IMI1 and 2014 

[71] for IMI2 is meant to be closely aligned with the World Health Organization’s 

2013 report on priority medicines for Europe [57], however poverty-related and 

neglected diseases are sparsely covered while cancer was and is still a major 

focus. The IMI1 and IMI2 programmes resulted in almost 200 projects covering a 

wide range of disease areas and addressing challenges across all areas of 

medical research and drug development (https://www.ihi.europa.eu/about-

ihi/imi-ihi).  

Table 3.2-4: IMI 1+2 and IHI categories for projects (2008-2022) and public contributions per category* 

*all projects in the IMI/ IHI database were extracted, but – in case of multiple assignments to categories 

– were calculated only once. 

The six categories15 of projects are described shortly in the following paragraphs: 

1.) Public Contributions to Target Identification, Drug Discovery and Drug 

Delivery16 : Target identification is the first step in drug discovery. It is the 

 
15All projects in the IMI/ IHI database were extracted, but – in case of multiple assignments to categories by the 

respective researchers – the funding sums were calculated only once. 
16 Examples for the individual categories can be found in Appendix section B 

https://www.cocir.org/
https://www.efpia.eu/
https://www.vaccineseurope.eu/
https://www.europabio.org/
https://www.medtecheurope.org/
https://www.medtecheurope.org/
https://www.ihi.europa.eu/about-ihi/imi-ihi
https://www.ihi.europa.eu/about-ihi/imi-ihi
https://www.ihi.europa.eu/about-ihi/imi-ihi
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process of identifying the direct molecular targets involved in the 

pathogenesis of the disease. Target identification can be approached by 

computational methods, direct biochemical methods, and genetic 

interactions. The screening of as many candidates as possible is essential.  

For better understanding disease mechanisms, many research projects 

are studying the causes of diseases, such as genes that are mutated or 

molecular pathways involved in the disease´s biology (e.g. cancer). Once 

a new disease mechanism has been identified, the research focuses on  

the gene(s) or molecular pathways involved and identifies points where a 

drug could potentially stop the disease in its tracks by stopping the activity 

of a molecule in the body [72].  These drug targets can then be used to 

identify ‘hits’ – molecules that could interact with the drug targets. These 

‘hits’ are then further studied and refined to create ‘leads’, molecules 

which could eventually become drugs [72] (see Table C -  1 in the 

Appendices Chapter 3).  

A prominent (cross-indications) example is the “The European Lead Factory” 

(ELF) (funded 2013-2018 with €196 mil, of which nearly €80 Mil EUR are public 

contributions), which has created a collection of some 550,000 compounds 

(small molecules) from private and public sources (of which 200,000 were 

designed and synthesized de novo) [73]. A screening centre comparable to 

a library has been set up. First user reports show that drug discovery processes 

in the areas of cancer, metabolic disorders, neurodegenerative diseases or 

antimicrobial resistance etc. have been accelerated and delivered around 

200 hit lists as starting point for new drug discovery programmes. Around 50 

academic organisations and biotech companies have started to process 

from target identification to drug discovery programmes and lead 

optimization, with 2 actual drug candidates [73]. 

A follow-up project ESCulab (European Screening Centre: unique library for 

attractive biology) (funded 2018-2023 with €36.8 mil, of which €18.2 mil are 

public contributions) plans to run 185 new drug discovery projects during its 

lifetime. In the long term, the screening centre should become self-sustaining 

so that it can continue to provide these valuable services after the project 

has finished (https://www.imi.europa.eu/projects-results/project-

factsheets/esculab). 

2.) Public Contributions to the Development of Tools for Predicting and 

Monitoring Efficacy and/or Safety, and for Identifying Biomarkers for Disease 

Stratification: Throughout the earlier stages of drug development, a range of 

tests and tools to determine whether a potential drug will actually be 

effective and safe in humans are deployed. As testing humans is not feasible 

 
 

https://www.imi.europa.eu/projects-results/project-factsheets/esculab
https://www.imi.europa.eu/projects-results/project-factsheets/esculab
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at this stage, research is relying on ‘models’ of the disease. These models can 

be samples of cells or tissues (these are known as ‘in vitro’ models), animals 

with the disease (‘in vivo’ models), or computer-based virtual models of the 

disease (‘in silico’ models) [72].  

Several IMI-projects have developed such tools to ease the studying of 

diseases while reducing the use of animal research. In 2018, around 30 in vitro 

models, 300 in silico (computer-based) models, over 70 animal models and 

around 300 biomarkers are in development of which 130 have been 

validated in the meanwhile [74]. There is recognition that the way diseases 

are classified now needs to change [75]: the stratification of patients based 

on genetic and molecular causes of their disease increases the chance of 

treatments to be beneficial (see Table C -  2 in the Appendices Chapter 3). 

3.) Public contributions to Clinical Trial Design, Real World Data and Evidence, 

Methods for Benefit-Risk Assessment and for the Regulatory and HTA process: 

During clinical trials, medicines are tested for the first time in humans (FIH), in 

healthy volunteers (to monitor whether the drug is safe, Phase 1 trials) and 

then in patients (to determine the dosage and according efficacy, Phase 2 

trials) and finally in larger cohorts (to proof efficacy, Phase 3 trials). In recent 

years, “real world evidence (RWE)” is increasingly being used to evaluate 

drugs in the wider patient community: some IMI projects are investigating 

ways of improving the way clinical trials are run, so that they can generate 

reliable results in a faster mode. They are also setting up clinical networks that 

are already making it easier for trialists to rapidly identifying patients. A 

number of tools and processes developed by IMI-projects have been 

developed and are being reviewed by regulatory authorities such as the 

EMA and FDA. So far, many cohorts and registries [74, 75] were established 

and are running (see Table C -  3 in the Appendices Chapter 3). 

4.) Public contributions to Ecosystems and Networks: Clinical Network and 

Patient involvement in R&D, Education and training: Clinical networks are 

essential for rapidly identify study centres and for recruiting patients for 

clinical trials. This is even more important in rare diseases investigating new 

treatments such as orphan drugs. Additional, in recent years patient 

involvement in the drug development as well as in the regulatory process 

and in health technology assessment (HTA) for reimbursement decisions 

have become a new endeavour, accelerated by the demand for 

patient-relevant outcomes in coverage decisions. IMI has invested in quite 

a few of such – research, clinical as well as patient – networks (see Table 

C -  4 in the Appendices Chapter 3). 

5.) Public contributions to Conducting Clinical Trials: In areas like antimicrobial 

resistance, tuberculosis and Ebola, where there is a high level of market 
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failure and a very clear and urgent medical and social need, IMI runs 

clinical trials of novel medicines, vaccines and radiotherapy. Several 

clinical trials and studies involving the COMBACTE networks are ongoing. 

These cover studies on the incidence, treatment and outcomes of certain 

types of infection, as well as clinical trials of novel anti-infectives [75]. (see 

Table C -  5 in the Appendices Chapter 3). 

Public contributions to Big Data and Knowledge Management, Digital Health, 

Artificial Intelligence: Vast amounts of data are generated daily in healthcare. 

With the linkage of this data, new information and insights might be gathered – 

according to expectations - to further understand the causes and expressions of 

diseases that can support the development of new treatments. However, 

combining data from lots of different sources brings technical challenges 

(different file formats,  different terminology, etc.) as well as legal and ethical 

challenges (depending on consent and permission of patients to use the data) 

[75]. Within IMI-projects methodologies are developed how to deal with these 

challenges (see Table C -  6 in the Appendices Chapter 3).  

To conclude, the EC is investing in different horizontal activities that are easing 

the path to more efficient product development. Though conducted in Public-

Private-Partnerships (PPP) these indirect public contributions seem as important 

as the direct funding is. 

3.2.3 Technology transfer to university spin-off/ spin-outs  

Promising academic research with positive results is often patented and further 

developed in small BioTech Start-Ups founded by the patent-holder or the group 

of researchers with the intention to prove the concept in clinical research. Most 

medical universities command over “Technology Transfer” or “Patent Offices” to 

protect the intellectual property rights and universities are rewarded for granted 

patents and ranked according to the number of patent applications.  As we 

move down the value chain from basic research to applied R&D, the public 

sector is either being reimbursed directly for their discovery (private buy-out of 

spin-offs) or retains some IP rights. At first glance, the net impact is therefore more 

of a financial benefit for the public R&D institution than costs.  Therefore - in a 

second look - the total financial flows (revenues and costs) must be considered.   
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Figure 3.2-2 Public contribution to BioTech start-ups spin-off/spin-outs) (inspired by [39] 

The role of patents and spin-out17-companies as indicators for economic 

exploitation of university research and as an important source of income for 

universities can also be observed by  

• Spin-off /out fellowships, funding programmes incentivizing the 

development of business ideas for start-up companies; for example, this 

funding amounts to €15 mil p.a. and 500,000 for each innovation initiative 

at Medical Universities, provided by the Austrian Research Promotion 

Agency (FFG),  followed by a risk capital fund set up by the Austrian 

Wirtschaftsservice Gesellschaft (aws) [76].  

• External investments and refunds raised that channel back resources into 

university research: Oxford University is reporting on 15-20 new companies 

every year and over £2.5 bil income through its spin-outs since 2010 [77]. 

Berkeley College of Chemistry is reporting on a $100 mil only for one gene-

therapy spin-out [78].  

Since the small BioTech Start-Ups (Small and Medium Enterprises/ SMEs) are most 

often neither equipped with enough resources for the further development of 

their products nor with business intelligence to lead an enterprise, they receive 

public support. At this stage, national business services in LifeScience clusters 

 
17 Spin-outs are typically owned and controlled by former employees of a university.  In contrast, Spin-offs are a 
separate legal entity with different (albeit often overlapping) owners, outsourced by a larger corporation. These 
terms are often used interchangeable though well defined. 
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provide support in founding a company with developing a business plan, 

assessment of the market or budgeting of resource needs for early-stage clinical 

trials, while R&D funds support the development of products. National funds (see 

Table A- 2 in Appendices Chapter 3) as well as European funds are granted for 

both categories of financial support.  

Table 3.2-5: Good practice examples on transparent reporting of spin-outs/offs by technology transfer offices  

https://innovation.ox.ac.uk/portfolio/companies-formed/

https://www.uclb.com/portfolio/our-spinouts/

https://www.dundee.ac.uk/life-sciences/start-ups

https://international.au.dk/collaboration/technology-transfer/spin-outs

https://www.universiteitleiden.nl/en/science/science-based-
business/careers/start-ups

https://www.uva.nl/en/about-the-uva/organisation/faculties/faculty-of-
science/valorisation/spin-offs/spin-offs.html

https://www.radboudumc.nl/en/partners/spin-off-companies

https://lrd.kuleuven.be/en/spinoff/spin-off-companies

https://www.innovation.uzh.ch/de/stories/allspinoffs-startups.html

https://innovation.ucsf.edu/featured-startups

 

National analyses on spin-outs/ offs from public research institutions are rare (or 

written in national languages). A recent analysis from Germany [79]  distinguishes 

between IP- or licence-based spin-offs that can be monitored with the awarded 

patents and knowledge-based spin-offs, based on expertise generated in public 

research institutions offering R&D-based services. Unfortunately, this German 

analysis is not reporting sector-specific data such as on health and 

biotechnology.  

3.2.4 Business support to SME and to innovative projects, Public 

Venture Capital  

The landscape of funding opportunities for start-ups and SMEs is vast, often 

organized for regions of the EU-member states or in national institutions. We 

provide only a few examples from Austria and Netherlands. Commonly, support 

is given on 

• Funding for the phase before a life science company is set up is provided 

for the costs related to the scientific implementation and the economic 

application of a project.  E.g. in Austria the maximum amount of this non-

refundable financial support is €200,000 (aws LISA PreSeed: 

www.preseed.at). 

https://innovation.ox.ac.uk/portfolio/companies-formed/
https://www.uclb.com/portfolio/our-spinouts/
https://www.dundee.ac.uk/life-sciences/start-ups
https://international.au.dk/collaboration/technology-transfer/spin-outs
https://www.universiteitleiden.nl/en/science/science-based-business/careers/start-ups
https://www.universiteitleiden.nl/en/science/science-based-business/careers/start-ups
https://www.uva.nl/en/about-the-uva/organisation/faculties/faculty-of-science/valorisation/spin-offs/spin-offs.html
https://www.uva.nl/en/about-the-uva/organisation/faculties/faculty-of-science/valorisation/spin-offs/spin-offs.html
https://www.radboudumc.nl/en/partners/spin-off-companies
https://lrd.kuleuven.be/en/spinoff/spin-off-companies
https://www.innovation.uzh.ch/de/stories/allspinoffs-startups.html
https://innovation.ucsf.edu/featured-startups
http://www.preseed.at/
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• The founding of a company needs not only know-how, but foremost 

capital. The starting phase of young companies is supported (in Austria) 

with up to €800,000, combined with tailored advice and support. Once 

the company is making profit or is sold, financial support must be 

refunded. Customary securities usually needed for bank loans are not 

necessary. However, the company must be partly and adequately 

funded through private capital (SeedFinancing/ AT: 

www.seedfinancing.at; NL: https://www.rvo.nl).  

• Additional to the support of business activities, a wide range of contacts 

to other start-ups and to (international) investors, as well as established 

companies is supported with targeted networking activities and match-

making or partnering services (incl. the organisation of specific targeted 

events; e.g.in AT: www.awsconnect.at (aws Connect). 

• National public venture funds, such as the Dutch Venture Initiative (DVI, 

https://business.gov.nl/subsidy/dutch-venture-initiative/) – also called 

fund-to-funds – encourage a fund to invest in other funds with the 

objective to invest in fast-growing companies [34]. 

In the EC, the European Innovation Council (EIC) (see Table D- 1 in Appendices 

Chapter 3) was founded – after piloting – only recently in Horizon Europe18 [80], 

incorporating existing instruments under the Horizon 2020 programme, in 

particular the SME instrument and Future & Emerging Technology (FET) 

programme, within a single work programme to provide direct support to 

innovators throughout Europe and to bridge the investment gap in early-stage 

innovation.  The EIC is part of the 3 pillars of Horizon Europe [81], funding 

individuals and their research (mostly basic research), pre- defined research in 

clusters (Health, Climate, etc.) and bottom-up innovative projects. The general 

rule is, that innovations and projects in Technology Readiness Levels (TRL) 2 - 

technology concept is formulated – to TRL7 - technology prototype 

demonstration in operational environment is conducted - can be funded [82]. 

TRL 8 (finishing the product development) and TRL 9 (manufacturing and scaling 

up) are only supported with EC-resources in form of equity shares (the EC 

becomes shareholder and holds the right to vote, share profits and claim assets 

of a company) of up to 25% of SME-company shares. The funding of SME´s 

technology development projects can either be within consortia or for individual 

SMEs: within RIA (Research and Innovation Action, expected outcome TRL 2-6) or 

IA (Innovation Action, also 7-8) the SME is funded with 70% of their expenses. The 

EIC funds up to €2.5 mil for TRL 2-6, and up to 15 mil for TRL 6-8, but takes equity 

share of SME up to 25% (this is new Horizon Europe). These resources are 

 
18 In H2020 and previous programmes only SME-support in the form of grants were provided. 

http://www.seedfinancing.at/
https://www.rvo.nl)/
http://www.awsconnect.at/
https://business.gov.nl/subsidy/dutch-venture-initiative/
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managed by the European Innovation Fund (EIF, 

https://www.euinnovationfund.eu/).   

The EIC has a budget of €10.1 bil to support innovations throughout the lifecycle 

from early stage research, to proof of concept, technology transfer, and the 

financing and scale up of start-ups and SMEs.  Due to the novelty of this system 

for incentivizing innovation also in late development stages, there is no database 

for EIC projects in place, yet. However, the “Deep Tech Europe Report” provides 

some numbers from the EIC performance, focusing on results and impacts of its 

legacy programmes (SME Instrument and FET) The EIC pilot phase (2018-2020) 

resulted in 46 patent applications and 14 awarded patents and in over €5.3 

bil raised in follow- up private investments (equity, debt, Mergers & 

Acquisitions/M&A, Initial Public Offering/IPOs).  

• EIC Pathfinder projects are directed at entrepreneurial researchers from 

universities, research organisations, start-ups, high-tech SMEs or industrial 

stakeholders. Grants of up to €3 to 4 mil are provided for TRL 1-3. 

• EIC Transition funds innovation activities that go beyond the experimental 

proof of principle to support the maturation and validation of a novel 

technology in a relevant application environment and the development 

of a business case and (business) model. Grants of up to €2.5 mil are 

available for TRL 5/6.  

• The EIC Accelerator is supporting start-ups and SMEs to develop and scale 

up their innovations. Non-dilutive grants (without sharing equity) of up 

to €2.5 mil for TRL 5-8 activities are provided as “grant only” - for 

companies aiming to reach the TRL 8 at the end of the project and 

continue further development without the EIC support or as “grant first” - 

for companies reaching TRL 8 at the end of the project and possibility to 

apply for “dilutive equity”19 to reach TRL 9.  Direct investment is available 

as dilutive equity shares up to €15 mil, for market deployment (TRL 9), so-

called «patient capital» principle with a 7-10 years perspective. “Blended 

finance” (a mix of non-dilutive grant for innovation activities (TRL 5-8) and 

dilutive equity for market deployment, (TRL 9)) or “Investment only” for mid 

caps (medium capitalized) companies and companies that have 

received a «grant only» is also a possibility provided. Additional tailor-

made business coaching, a Corporate Partnership Programme, a Buyer 

Partnership Programme as well as an Investors  Partnership Programme is 

offered [83, 84]. 

• Around 35% of all EIC activities are in the area of health and wellbeing: 

most of the funded companies are in only three industry sectors [83], of 

 
19 Equity dilution occurs when a company issues new shares to investors and with more shares in the hands of more 

people, each existing shareholder owns a smaller or diluted percentage of the company. 

https://www.euinnovationfund.eu/
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which health is leading (1,262 companies funded), followed by energy 

(922 companies)  and software (735 companies). Follow-up investments 

are also highest in these three sectors, again led by health, with 34% 

coming from corporates, either directly or from venture funds backed by 

corporates. Another 47% arise from venture capital. In 2020, 43 of those 

EIC-backed companies have been acquired by other corporates [83].  

Additional to direct funding, the European Innovation Ecosystems (EIE) Initiative 

(https://eismea.ec.europa.eu/) provides networking and match-making events. 

The EIE is equipped with €155 mil for 2023/24 [85]. The European Institute of 

Innovation & Technology (EIT) was founded (in 2020) with a similar intention to 

support technology transfer (for spin-outs, spin-offs) and to strengthen the so-

called ‘knowledge triangle’ - the principle that the optimal environment for 

innovation is when experts from business, research and education work together. 

The EIT holds a section on health (https://eit.europa.eu/), also complemented by 

national EIT Health institutions. In 2023, 20 SME-companies were selected for the 

EIT “Health Bridgehead” to support of “scaling-up” their enterprises so far. The 

selection was based on the criteria of innovativeness of solutions, business model, 

traction in the home market, and readiness to expand to other European markets 

[86]. In 2023, start-ups were supported with €4.19 mil (no data for 2022 available), 

in 2021, for  €6.385 mil, € 3 mil through a “wild card” programme20, 2020, €7 mil 

plus € 5.5 mil for rescue of 11 start-ups) by EIT programmes (see Table D- 2 in 

Appendices Chapter 3). The range of EIT programmes is broad and consists of a 

range of different categories of funding: Attract to invest: €25,000 + prizes of 

€20,000 or €15,000 or €10,000; Bridgehead: €25,000 (sponsored by Horizon2020 

with €1 mil); Catapult: Prize of €30,000; DiGinnovation: up to €350,000; Drive: up 

to €50,000; Jumpstarter: Prize of €10,000; InnoStars Awards: €25,000 smart money 

or €4,000; Regional Innovation Scheme (RIS) Innovation Call: €75,000. The 

recipients of these grants are mostly SMEs in the field of MedTech and digital 

health technologies (see Table D- 2 in Appendices Chapter 3). 

Additional to direct financial support of individual SME, the EC is providing 

assistance with targeted matchmaking, brokerage or partnering events and 

other services (provision of partnering database and market intelligence, legal 

advice, IPR expertise, finance and funding support) in Enterprise Europe Network 

(EEN, https://een.ec.europa.eu/about-enterprise-europe-network). The intention 

of this programme is to support SME to grow Europe-wide and internationally. EEN 

works with an annual budget of € 63 mil and is complementing similar national 

initiatives in the LifeScience sector. 

 
20 Through the “Wild Card”  Programme, EIT Health brings together the inventor with the right resources in an 

acceleration programme, for an early-stage start-up. 

https://eismea.ec.europa.eu/
https://eit.europa.eu/
https://een.ec.europa.eu/about-enterprise-europe-network
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At this stage also Venture Capital (VC)21 comes into play. VC investors provide 

capital against shares of the start-up biotech SME. Despite a large private 

venture capital market exists, also  governments are investing in risk finance of 

innovative SMEs to fill “funding gaps”, esp. in innovation in specific targeted 

areas to capture public benefit [87, 88].  The European Investment Fund (EIF) is 

backing early-stage innovation specialists like e.g. BioGeneration Ventures (BCV) 

with funds. BCV, a leading early-stage VC in European biopharma, received € 

140 mil investors money for a call BGV Fund IV in 2021, of which €30 mil (21.4%) 

came from the EIF [89] (see Table D- 3 in Appendices Chapter 3). If this investment 

with an expected return on investment (RoI) is risk-prone funding with public 

resources at opportunity costs or if the public is beneficiary of investments aiming 

at stimulating macroeconomically is debatable. However, the public 

contributions to innovations with risky investments is a but a not neglectable fact 

in the. 

To conclude, the EC is investing in different activities to incentivize innovation in 

health (and other sectors). The high public spending on R&D are based on the 

assumption of macroeconomic effects of public R&D on the GDP [90] as well as 

on private R&D [83, 84] and accordingly on a return on investments with 

innovations. However, realistically it can be assumed that not all investments in 

supported projects will lead to market maturity and according refunding. For that 

reasons it must be stressed that also the public is spending as much on risky 

projects as private companies do. 

3.2.5 Changes in ownership: licensing, acquisitions, merging 

According to the annual EU Industrial R&D Investment Scoreboard (2022), health 

industries (encompassing biotechnology, health providers, medical equipment, 

medical supplies and pharmaceuticals) are the most R&D intensive sector, with 

12.4% of R&D re-investments from revenues [91].  EFPIA reports the allocations of 

the investments (based on a survey of members) with 14.9% for pre-clinical 

research, 44.1% for clinical research: 7.6% for phase 1, 9.3% for phase 2, 27.3% for 

phase 3 trials, 4.3% for approval, 11.5% for pharmacovigilance (phase IV studies) 

and 25.1% uncategorized [92]. Unfortunately, similar data is not available for the 

medical device industry. However, as reported in Chapter 2, the data cannot be 

verified independently since all publications reporting on industrial R&D are 

presented cumulatively, mostly dividing the R&D expenses by successful drug, 

lacking details on what falls under the definition of industrial R&D. A 

disaggregation of the data is not possible. Some authors and advocacy groups 

 
21 Invest Europe (formerly EVCA) defines venture capital as an “investment in unquoted companies by specialized VC firms.” It 
is a subset of private equity, that is, equity investment in companies not listed on a stock market, as opposed to publicly traded 

companies.  
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- such as Knowledge Ecology International (KEI, https://www.keionline.org/)  -  

conduct detailed analyses of e.g. SEC (US Security and Exchange Commission) 

periodic data reports, tracking details on licensing agreements, acquisitions and 

expenses on clinical trials of individual companies regularly. KEI is in the role of a 

watchdog to monitor the compliance with the Bayh–Dole Act [93], a legislation 

permitting ownership of inventions arising from federal government-funded 

research but requiring the disclosure of the public funding.   

https://www.keionline.org/
https://en.wikipedia.org/wiki/Research_funding#Government-funded_research
https://en.wikipedia.org/wiki/Research_funding#Government-funded_research
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Figure 3.2-3: Public contribution to clinical development of products (inspired by [39]) 

As examples for the need for disaggregated data the currently approved 

Advanced Therapy Medicinal Products (ATMP, including CAR-T cell therapies 

and tissue-engineered products) are presented. So far (Sept 2023) there are 18 

ATMP approved in Europe [94], and most of them also in the USA: As can be seen 

in Table D- 6 in Appendices Chapter 3, nearly all of them have their origin in 

public research institutions, the research funded by the public or by charities [95]. 

The change of ownership happens most often after milestones in product 

development have successfully been achieved. 

The changes of ownership can happen via [22] [96, 97]: 

• Licensing Agreement (LA): a LA is a contract between two parties that 

grants the licensee the ability to use the intellectual property (IP) owned 

by the licensor in return for compensation, such as royalties. An Exclusive 

License Agreement (ELA) ensures that no party other than the named 

licensee can exploit the relevant IP-rights. ATMP-examples are: CSL 

Behring reached an ELA with UniQure on Hemgenix® (list price: $ 3.3 mil, 

Estimates of global sales of $1.2 billion cumulatively through 2026) for 

patients with haemophilia B; Takeda entered into an ELA with TiGenix on 

Alofisel® (list price: $390,000) for patients with perianal fistulas in Crohn´s 

disease. 
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• Merger and Acquisition (M&A): an acquisition, also known as take-over, 

entails one firm purchasing another outright. The acquired firm may retain 

its name and operate as a subsidiary of the acquirer or it may be 

incorporated into the acquiring firm. In contrast a merger combines two 

or more firms into one new legal entity, typically with a new name. ATMP-

examples for M&A are: Bristol Myers Squibb (BMS) acquired Celgene with 

the CAR-T cell therapy Abcema® (list price: $419,500 and  estimated $470-

570 mil revenues in 2023) in patients with multiple myeloma; Gilead 

acquires Kite with the CAR-T cell therapy Tecartus® (list price: $373,000 

and estimated $340 mil revenues in 2023) in patients with mantle cell 

lymphoma; Orchards Therapeutics acquired the GSK´s rare disease 

portfolio including Libmeldy® (list price: $3.8 mil)  in early onset 

metachromatic leukodystrophy (MDL), etc. 

• Further types of deals are partnerships and alliances, venture financing, 

asset transaction, debt offering and private equity deals [96]. 

The pattern of R&D for these most expensive therapies is almost always the same 

[6, 16, 22, 23]: ownership changes happen mostly after early phases of clinical 

research in humans and the pivotal trials are conducted thereafter by larger 

companies when they have secured their rights. Corporate companies monitor 

closely the promising developments in university research and their spin-outs/offs 

– supported by technology transfer offices –, in order to offer deals in time [34]. 

In diverse analyses of FDA/ EMA-approved medicines, it could be proven that 

the public plays not only a dominant role in funding the basic and translational 

research but also in later stage (phase 1-3 trials) research: about  25% [6] to 40% 

[16] of new approved biological drugs had evidence of public financial support 

for late stage development, the same holds for ATMPs (esp. CAR-T: [23, 98], SMA-

therapies [29], orphan drugs [51, 54], oncology [99], etc.) (see also Table D- 6 in 

Appendices Chapter 3).  

The methodologies used to reach at these conclusions are threefold.  

1. Either patents or drug development histories on the origin of a single or a 

group of products are analysed in detail,  

2. Or databases on public and charity contributions are analysed on their 

input to products,  

3. Or - a rather new approach – the provenance of the highest-selling 

prescription medicines of individual companies´ products are scrutinized. 

Some examples on patents analyses or drug development histories on the origin 

of a single or a group of products:   
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• The University of Pennsylvania (UPenn, Principal Investigator (PI): C. June) 

has been working on T-cells for many years and in 2011 published an 

important paper using an anti-CD19 CAR T-cell therapy in CLL. In 2012, 

Novartis and UPenn agreed upon a deal for $20 mil towards a research 

center and Novartis gets exclusive worldwide rights to all CARs developed 

through the collaboration and to the CART 19, which is already in the clinic 

(NIH- grants of $30,335,306; 39 projects relating to CAR T between 1993 

and 2016, only between 1993 to 2011: $16,330,088). In 2017, the 1st CAR T-

cell therapy Kymriah® was approved and sold for a list price of $475,000 

[98] and revenues went up from $500 to 500 mil per year [100].  

• A summary of all 20 drug approvals (only between 2017-2022) of 

oncologic medicines originating from UPenn are reported by the 

Perelman School of Medicine (PSOM) and the Abramson Cancer Center 

(ACC) of the University of Pennsylvania [101]. 

• Kite (now a subsidiary of Gilead) relied in its R&D of CAR-T cell therapies 

on NCI CAR-T research. The Principal Investigator for the NCI on Kite’s 

cooperative R&D agreement22 (CRADA) 2012, St.A. Rosenberg, 

mentored Kite (mentioned as “Special Advisor” to Kite) and its CEO and 

co-Founder A. Belldegrun. Kite paid the NIH $3 mil annually for 3 CRADAs 

and 6 Exclusive License Agreements.  The clinical evaluations on KTE-C19 

cost $2.5 mil, but Kite reported $317 mil in R&D spending for CAR-T since 

2012 and was selling the company for $11.9 bil to Gilead [98].  In 2017, the 

2nd  CAR T-cell therapy Yescarta® was approved and sold for a list price 

of $373,000 [98]. Yescarta® revenues increased to $337 mil in Q/4 2022 

and $380 mil in Q2/2023, around 1.4 bil per year. 

• The RANKL inhibitor denosumab (Prolia©, Xgeva©) inhibits bone resorption 

and is approved for the treatment of osteoporosis (Prolia©) and skeletal-

related complications in adults with bone metastases due to solid tumours 

(Xgeva©). Denosumab was researched in the 1990s by J. Penninger’s 

research group at the University of Toronto and subsequently in the 2000s 

at the Institute of Molecular Biotechnology (IMBA) of the Austrian 

Academy of Sciences (ÖAW) in Vienna. Amgen further developed the 

active substance and brought it as Prolia© in 2010, and as Xgeva© in 2011 

to the market.  In 2018, the EMA expanded the indication to patients 

experiencing an increase in bone mass as a result of a bone cortisone 

treatment. Prolia© is sold for a list price of $1,624.54 per injection every six 

 
22 CRADA is an agreement between a government agency and another government agency, a private company, non-
profit, or university to work together on research and development. 
 

 

https://en.wikipedia.org/wiki/Government_agency
https://en.wikipedia.org/wiki/Private_company
https://en.wikipedia.org/wiki/University
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months; Xgeva© is sold for $3,156. In 2017, denosumab’s 100,000 

prescriptions generated social security costs of €28 mil [102, 103] in Austria. 

Some example on analyses of databases on public and charity contributions:  

• In August 2023, the NIH Reporter database (https://reporter.nih.gov/) 

shows 707 active NIH-funded projects on “chimeric antigen receptor” 

(funding amount $499,385,756), of which 293 are clinical trials (NIH funding: 

$283,547,455), mostly sponsored by the National Cancer Institute (NCI). 

Records dating back to 1993 report 1,564 clinical trials (NIH funding: 

$1,218,238,648) on CAR T cell therapies. Between 80% [104] and 91% 

(DeWilde 2017 in [98]) of all CAR-T celltherapy trials are sponsored by 

academic sponsors or – vice versa – only between 9% [98] and 20% [104] 

and by the pharmaceutical industry.  

• While almost all analyses are conducted in the USA, very few come from 

Europe. A rare analysis of EC Framework 7 (FP 7) Health grants reported in 

the Cordis Db (https://cordis.europa.eu/) revealed that 12.3% (120/977) of 

all EC FP7-HEALTH awards are related to the funding of late-stage clinical 

research, totalling € 686,871,399 [4]. Pharmaceutical products and 

vaccines together accounted for 84% of these late-stage clinical 

development research awards and 70% of its funding. The hepatitis C 

vaccine research received total European Community (FP7 and its 

predecessor, EC Framework VI) funding of €13,183,813; total public and 

charitable research funding for this product development was estimated 

at € 77,060,102. However, the industry sponsor did not consider further 

development of this product viable; in contrast, FP7 funding for the late-

stage development of Orfadin® for alkaptonuria formed the basis for 

market authorisation [4]. 

• Charities play an important role in research funding, especially in the USA 

and the UK, however their funding information is not easily searchable in 

one database, but in disease-specific sources [29, 99, 105]. For the UK it is 

reported that up to 14% of the total public funding that goes into medical 

R&D is invested by charities. [106]. For example, the Muscular Dystrophy 

Association (MDA) provided detailed information on the level of funding 

for projects they supported. 15 MDA funded specific projects totaling 

$3,768,516 and investment of $45 mil in SMA research are reported.  

According to its website, the Spinal Muscular Atrophy Foundation (SMA 

Foundation) has spent around $150 mil on basic, translational and clinical 

research since its inception in 2003. A total funding estimate – based on 

several databases - for SMA-therapies is around € 165 Mil for research into 

therapies. Only including projects named in the patents (or conducted by 

the same researchers named in the patents or named specifically in 

development documents), just over €20 mil of public or philanthropic 

https://reporter.nih.gov/
https://cordis.europa.eu/
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money can be directly attributable to the development of Spinraza® [29]. 

The drug was further developed by Ionis Pharmaceuticals and marketed 

by Biogen with annual treatment costs of $750,000 for the first year of 

therapy and $375,000 for subsequent years.  

Some examples on the provenance of the highest-selling prescription medicines 

of individual companies´ products:  

• According to the 44 products listed in Pfizer's 2017 US annual report, only 

10 (23%) of these are Pfizer's own developments; the rest, representing 86% 

of revenues totalling $37.6 bil, were acquired through takeovers or 

purchase of individual products. For example, the pneumococcal 

vaccine Prevnar 13, Pfizer's best-selling drug in 2017, was developed at 

Wyeth, which Pfizer acquired in 2009. Pfizer’s palbociclib (Ibrance®), used 

to treat breast cancer, originated at Warner-Lambert and Onyx 

Pharmaceuticals. The 34 Pfizer products discovered by third parties 

accounted for 86% of the $37.6 bil in revenue its 44 leading products 

generated [107] (see Table D- 4 in Appendices Chapter 3).  

• The situation is similar with Johnson & Johnson (J&J): Only two of J&J’s 18 

leading products (11%) were discovered in-house. J&J’s highest-selling 

product, infliximab (Remicade®), is a monoclonal antibody that was 

synthesized by researchers at New York University in 1989 in collaboration 

with the biotechnology company Centocor. The 16 J&J products invented 

elsewhere accounted for 89% of the $31.4 bil that its 18 leading products 

generated [107] (see Table D- 5 Appendices Chapter 3). 

The number of acquisitions in the pharmaceutical industry has been trending 

upwards [108, 109], with the largest deal of Amgen´s acquisition of Horizon 

Therapeutics (with a rare autoimmune and inflammatory disease portfolio) for 

$27.8 bil in 2022, followed by Pfizer acquiring Biohaven (with several migraine 

therapies) for $11.6 bil [97, 108]. In 2019 Bristol-Myers Squibb (BMS) acquired 

Celgene for $74 billion acquisition: the combined companies have nine products 

with more than $1 billion in annual sales. [110]. However, in   2023 BMS was 

accused of   of defrauding investors by intentionally delaying drug approvals to 

avoid a $6.4 billion payout [111].  Medicine or portfolios are predominantly 

acquired when they have already proven to be effective in early stage trials 

[107]. With each change of ownership, the price of the company increases 

depending on the valuation of the product portfolios sold or bought. This process 

- called “financialization” - has been covered in many case studies [30, 112] and 

– it must be assumed due to the aggregated presentation of the R&D data – that 

the costs for M&A are covered under the industrial R&D expenses. A US 

Government Accountability Office report (GAO) [109] analyzed what large 

pharmaceutical companies spend most of their research expenditures on.  The 

finding is consistent with EFPIA [92] self-reported data, showing that only 14.9% of 

https://www.biospace.com/article/2019-begins-with-a-74-billion-bang-as-bms-buys-celgene/
https://www.gao.gov/assets/690/688472.pdf
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industrial R&D is spent on preclinical studies — the basic and translational science 

that is the foundation for the discovery of innovative drugs. The reported total 

spendings on industrial R&D in Europe is €39.7 bil [92], of which 14.9% (€6 bil, own 

calculation) for preclinical research and 7.6% (€3 bil, own calculation) for early 

stage studies are only a fraction of the amount the European public spent to 

support the medical (basic, translational and precompetitive horizontal) 

research.  

3.2.6 Public contribution to late stage development in clinical trials 

Early stage (phase 1 and 1/2) as well as late stage clinical trials (phase 2, 2/3 and 

3) are usually conduced in the setting they are meant to be delivered after 

market authorization, though under controlled conditions. The conduct of 

commercial clinical trials is often handled by Clinical Research Organizations 

(CRO). Since more than a decade university hospitals established their own 

departments, “clinical trial coordination centers”, which support academic 

trialist with planning and implementation (e.g. with costing tools [113, 114]), while 

they also assist commercial trials in processing (recruiting, ethics committee´ 

vote, accounting of costs etc.) their trials.  

For refunding the costs incurred during commercial trials the hospitals provide lists 

of prices for services delivered (staff cost, use of equipment, diagnostic 

monitoring, etc.) [115]. However, the commercial trialist is only paying for extra 

costs incurred and not for the costs of standard treatment. Whether the 

maintenance of the technical equipment is adequately covered, depends on 

the offer of the respective clinical trial coordination centers. The use and 

compensation of infrastructure is highly non-transparent, due to the competing 

interests of hospitals being rewarded for acquisition of clinical trials for academic 

as well as monetary reasons. 

The average costs of clinical trials are estimated between $1.4 (pain and 

anesthesia) and $6.6 mil (immunomodulation) for Phase 1, between $7.0 

(cardiovascular) and $19.6 mil (hematology)  for Phase 2 and between $11.5 

(dermatology) to $52.9 mil (pain and anesthesia) for Phase 3 trials, (data from 

2004 – 2012) including estimated site overhead and monitoring costs of the 

sponsoring organization [116] . Across all study phases and excluding estimated 

site overhead costs and costs for sponsors to monitor the study, the top three cost 

drivers of clinical trial expenditures were clinical procedure costs (15%-22% of 

total), administrative staff costs (11%-29% of total), and site monitoring costs (9%-

14% of total) [116]. Smaller trials (for orphan drugs) approved with only phase 2 

evidence are far less expensive. As an example, Knowledge Ecology 

International (KEI) calculated the development costs of Nusinersen’s pivotal trials 

(ten Phase 1-3 trials involving a total of 437 patients) at $ 17.8 mil. With a tax 
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exemption of 50% due to orphan drug status, costs decreased to $ 8.9 mil and, 

after capitalizing the risk of failure, amounted to $ 35 mil only. 

To conclude: while the public contributions to later stage development of 

products are less they still do exist. The coordination of 24 European Reference 

Networks (ERN) for rare diseases are essential public contributions for efficient 

recruiting, the advancement of methodologies in trial-designs, outcome 

measurement and validation for improving and the provision of well-equipped 

infrastructure for conducting clinical trials.  Sponsors of late stage clinical trials will 

be explored in case-studies (on antibiotics or other medicines).   

3.2.7 Public contributions to regulation and marketing authorization  

Citizens, patients and clinicians expect regulators to provide an unbiased, 

rigorous and technically sound assessment of investigational therapies in a 

transparent manner. To advance methodologies for Marketing Authorization 

concepts for “regulatory science” have been developed to support regulatory 

assessments that inform not only Market Authorization Holders (MAH), but also 

HTA agencies supporting payers to make decisions on health care resources. 

Instruments have been developed for improving professional skills and capacity 

and for advancing methodologies for regulation. In 2011, the US Food and Drug 

Administration (FDA) has published its first “Strategic Plan for Regulatory Science,” 

followed by a detailed report on “Advancing Regulatory Science at FDA – Focus 

Areas of Regulatory Science (FARS)” in 2021 [117]. Several years later in 2018 the 

European Medicines Agency (EMA) has launched its strategy for “Regulatory 

Science to 2025” [118], followed by a detailed list of “Regulatory Science – 

Research Needs” in 2021 [119].  
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Figure 3.2-4: Marketing authorization and post-authorization data generation 

All documents encompass the intentions of these plans and strategies, such as 

by 

(1) enforcing regulators keeping up with the most recent science in order to 

enable high-quality and critical evaluations of the benefit-risk,  

(2) advancing innovation in methods and standards for the evaluation of 

quality, safety, and efficacy of medicinal products throughout their 

product life cycle, and  

(3) enabling innovation by a broad range of activities related to reaching out 

to stakeholders (i.e., patients and health care professionals) ensuring 

patient safety, safeguarding public health, and innovation. 

The public contributions to Market Authorization are manifold. Though the 

regulators European Medicines Agency (EMA) and the Notified Bodies (NB) are 

primarily financed by private companies through fees, the public contribution is 

substantial  [120]: 

• For 2023, the total budget of the EMA amounts to €458 mil. Around 89.0% 

derives from fees and charges from industry, 10.9% from the European 

Union (EU) contribution for public-health issues and 0.1% from other 

sources. The public contribution is used for supporting advancement of 

regulatory methodologies, education and training as well as policies 

for orphan and paediatric medicines, advanced therapies (ATMPs) 

and SMEs. 

https://www.ema.europa.eu/en/human-regulatory/overview/orphan-designation-overview
https://www.ema.europa.eu/en/human-regulatory/overview/paediatric-medicines-overview
https://www.ema.europa.eu/en/human-regulatory/overview/advanced-therapy-medicinal-products-overview
https://www.ema.europa.eu/en/human-regulatory/overview/supporting-smes
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• While EMA coordinates the scientific evaluation of applications and 

related work with the national medicines regulatory authorities in the EU 

Member States, the national authorities conduct the assessment and are 

compensated for this work (involvement of staff members in scientific 

committees, working groups and other activities). However, the National 

Competent Authorities (NCA), have a remit far beyond contributions to 

market authorization (clinical trials of medicinal products and medical 

devices, pharmacovigilance and vigilance in the field of medical 

devices, and inspections), that is fully financed by the public. 

• Next to approval activities, EMA is also developing scientific guidelines 

[121] and trainings. For building capacities training modules [122], 

workshops on e.g. patient registries [123] or on increasing use of real-world 

evidence, including registry data for regulatory purposes (e.g.[124]), and 

scientific events are publicly financed tasks of EMA [125] (see Table E- 1 

on EMA reflection papers and guidances on novel methodologies for 

medicine development in Appendices Chapter 3).   

• In recent years, health technology assessment (HTA) for pricing and 

reimbursement have become an ever more important role in providing 

Joint Scientific Consultation (JCA, formerly Early Dialogues/ ED), and Post-

Launch Evidence Generation (PLEG). In contrast to EMA´s Scientific 

Advices, they were provided free of charge by the European Network of 

HTA (EUnetHTA) (see Table E- 2 in Appendices Chapter 3). Between 2017 

and 2023 44 ED or JSC have been conducted by European Network for 

Health Technology Assessment (EUnetHTA) members summing up to € 2.86 

mil.  

Finally the public is not only providing support for orphan, paediatric medicines 

and ATMPs with scientific advices to optimise the generation of robust data, 

protocol assistance, accelerated approval via the PRIME (PRIority Medicines) 

Programme, but also numerous fee-reducing instruments are in place: 

• Fee waiver: the application fee required for EMA review is waived for 

companies developing orphan drugs, 

• Tax credits: the sponsor receives tax credit to offset R&D costs,   

• Longer market exclusivity for orphan products and therefore higher prices 

for a longer period of time.  

In the meanwhile, a large percentage of new medicines is approved as orphan 

drugs, a strategy known as “salami slicing” by dissecting broader diseases in 

subtypes (the slices).  In 2022 23 orphan drugs were granted market authorization, 

often based on phase 2 pivotal trials [125], requiring Post-Launch Evidence 

Generation for decisions on reimbursement. 

https://www.ema.europa.eu/en/human-regulatory/overview/orphan-designation-overview
https://www.ema.europa.eu/en/human-regulatory/overview/paediatric-medicines-overview
https://www.ema.europa.eu/en/human-regulatory/overview/advanced-therapy-medicinal-products-overview
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3.2.8 Public contributions to post-launch evidence generation (real-world-

data collections) 

With the rise of regulatory instruments such as Adaptive Pathways– intending to 

improve faster access - and the conditional approval of medicines based on 

early-stage (Phase 1/2 or Phase 2) pivotal trials, the demand for a generation of 

evidence after market-authorization has increased significantly by payer-

institutions. For confirming the benefit-risk balance of a product, following a 

conditional approval based on early data (using surrogate endpoints) and short 

follow-up periods, the collection of evidence through real-life use to 

supplement clinical trial data has been supported by EC-grants as well as by 

national initiatives: 

• ATMPs (cell- and gene-therapies) for life-threatening diseases raised 

expectations to be even curative. However, the evidence generation in 

order to conclude whether they can live-up to the expectations and 

promises is conducted in (partly) publicly sponsored patient and/or 

intervention registries as basis for outcome-based managed entry 

agreements. Data and governance concepts are developed in national 

HTA agencies [126, 127]. For example, the European Bone Marrow 

Transplantation (EBMT) CAR-T cell therapy registry 

(https://www.ebmt.org/registry/ebmt-car-t-data-collection-initiative) is 

working with a budget of € 12.7 mil, partly derived from public sources; the 

SMArtCARE registry is fully sponsored by the MAH of the three available 

therapies, however the study protocols and -plan for data collections 

accompanying the use of these therapies are conducted in public 

agencies [128, 129]. 

• The EC has launched several programmes to support the evidence 

generation: The EMA has established a coordination centre to provide 

real-world evidence on the performance of medicines called DARWIN EU 

(Data Analysis and Real World Interrogation Network,  

https://www.darwin-eu.org/),  that will connect the European medicines 

regulatory network to the EC-initiated European Health Data Space 

(EHDS). In 2020 a Big Data Task Force was set to develop – among other 

activities – a framework for quality assured data collections across 

Europe [125]. 

• IMI/ IHI has contributed with € 415 mil public contributions to numerous 

projects on real world data and evidence generation (RWD, RWE, see 

Table C -  3 in Appendices Chapter 3) or with € 281 mil in establishing 

reference networks for a common understanding of how to diagnose and 

treat rare diseases and for faster patient recruitment and long-term 

monitoring through patient registries, for supporting partnerships and 

https://www.ema.europa.eu/en/glossary/clinical-trial
https://www.ebmt.org/registry/ebmt-car-t-data-collection-initiative
https://www.darwin-eu.org/
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dialogues with patients as well as education and training; or even with 

setting up clinical trial networks (ECRIN/ European Clinical Research 

Infrastructure Network: https://ecrin.org/ https://www.ecraid.eu/, 

ECRAID/ European Clinical Research Alliance on Infectious Diseases: 

https://www.ecraid.eu/) for faster setting up of large EU-wide clinical trials.  

• Within HTA-institutions the expenditures for a.) the preparation of the 

concept for the real-world-data collections, b.) the communication in 

advising the pharmaceutical company in the preparation of the study 

protocol and statistical analysis plan to be carried out by the company 

and c.) the Review of the study protocol and statistical analysis plan 

(usually by two reviewers) is estimated with 0.723 full-time-equivalents (FTE) 

per real-world-data collection.  

3.3 Discussion 

The evidence for public and philanthropic contributions to the development of 

medical products (medicines and devices) is sufficiently robust and the need for 

transparent reporting is all too obvious. Aligned public policies enforcing 

transparency on R&D investments is key. But not only direct public contributions 

(leading to products) but also indirect (funding of basic research, methodology, 

tools and techniques) is thus an evidentiary necessity.  

Public and private funding of the development of medicinal products are 

complementary ventures [130], sharing a division of work and both working with 

large amounts of risk capital. The complementary relationship between 

biomedical and health research and private pharmaceutical or biomedical R&D 

has been investigated in econometric models: a 1% increase in public sector 

expenditures is associated with a 0.81% increase in private sector expenditure 

[131].  Evidence from the UK suggests that every pound of public investment in 

R&D crowds in two pounds of private investment [132]. It can´t be denied that 

public R&D expenditures has macroeconomic effects on the GDP as one 

measure for flourishing economies as well as microeconomic effects on 

companies´ revenues [90, 133].  However, strategic aims of public R&D in health, 

lifescience and biotechnology must foremost serve public health interests, such 

as priorities for new health technologies meeting patients´ needs and only 

secondarily economic interests.  

For companies, the return on investment (RoI) is expressed in profits, while for the 

public the return would be – at best – an increase in health, - at worst – paying 

twice. This publicly-induced increase in health is best observable when priority 

 
23 Personal communication with IQWiG. 

https://ecrin.org/
https://www.ecraid.eu/about-us
https://www.ecraid.eu/
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areas are defined (by the public) and targeted basic and translational research 

is publicly funded (HIV, Hep C) and further developed by commercial 

companies [17, 24] and marketed for reasonable prices. Value-based prices 

have been promoted in recent years by industry as a reaction to the debate, 

however the term is also criticized for demanding the maximum price payers 

would be willing-to-pay (disconnected from R&D) and for misusing the 

interpretation of “value”:  Currently, “value” in the context of healthcare is often 

discussed as aiming at increasing cost-effectiveness. This interpretation of 

“value” is often perceived as too narrow and the notion of “valueS-based 

healthcare“ seems more suitable in conveying the guiding principles underlying 

solidarity-based healthcare systems [134]. 

When therapies are not available to those in need due to unaffordable prices, 

then this system of complementarity has failed. The EC has reacted on the ever 

more often expressed reproach [10, 135, 136] that the public pays twice for their 

medicines with the requirement for transparency in Article 57 of the proposed 

medicines Directive [9].  It is the intention of our research project to provide 

structured substance to this requirement on what kind of categories of public 

contributions one has to think of when asked for transparent information. There is 

a very strong argument that the public contributions to basic /translational 

science funded by taxpayers should be global public goods, and should be 

made freely available, because they generate spinoffs, positive externalities, 

and provide the impulse for private R&D.  

3.3.1 Summary of findings  

This research followed the methodology (see Figure 3-1) of dividing the 

development of products in stages and to search – supported by targeted 

interviews with experts in the field – for categories of public contributions. The 

literature and information analysis was based on secondary information (data 

collections of other authors) and own primary data collections (on detailed 

database extractions). We found eight categories (and many more sub-

categories), but do not consider them as exhaustive. More research work has to 

be done. 
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Figure 3.3-1: Model of analysis: public contributions to R&D of medicinal products 

While EC is reporting their expenditures on R&D very transparently, national 

expenditures are not available in a structured format as much as commercial 

data on R&D spendings are not available in enough detail. Additionally, no 

definition on what is reported (and what is not allowed to be covered) as R&D 

spendings by companies is provided. No or unstandardized reporting of public 

fundings and their output (measured in KPIs) are part of the problem and hinder 

the disclosure of public contributions to R&D, for early as well as late-stage 

developments of health products. While the records for the most expensive drugs 

are broken annually, the public sector hasn´t had enough evidence to hold 

against: the direct and indirect public contributions to basic, applied and 

translational research, to horizontal contributions to knowledge on new 

methodologies for e.g. trial designs or stratification of diseases, but also on the 

true costs for clinical trials or factors influencing  attrition rates.  

However, the findings bear witness to how product development takes place:  

Research partnerships with public research organisations and small biotech start-

ups are common. Major pharmaceutical companies are sending out drug 

hunters and patent scouts to buy promising developments. The commissioning of 

Contract Research Organisations (CROs) to outsource development and clinical 

trials is increasingly being implemented in low-cost countries. Research results are 
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paid by pharmaceutical companies according to defined milestones (asset 

transfer agreements). The final approval and market introduction are then 

carried out by the global pharmaceutical companies.  

3.3.2 Contextualization of findings and gap analysis 

We have to accept that - if private sector investor capital is being provided as 

an input to the R&D system -, then a RoI will be the main motive, and that 

investment capital must be reimbursed to the investor, if the product is successful, 

along with some reward. That reimbursement can only be implemented as 

dividend, interest or buyback. The fundamental principle is clear, but perceptions 

differ about how much of the reward should go to investors. It is argued that, if 

the public sector tried to monetize the benefits of basic research, it would be 

either 1) very costly in terms of transaction costs and 2) might be counter-

productive, since it would diminish the incentive to use that research and apply 

it. Moving down the value chain into clinical research and regulatory approval, 

the risk of "paying twice" decreases, because the public sector contribution is 

either bought-out by the private sector investor, paid for in fees, or the public 

sector retains some IP rights.  

Therefore, an analysis on the contributions to innovation must not only count the 

costs, but also the income (benefits) of the public sector: any royalties or other 

rewards from the contribution to the development of the product and the IP 

(revenue) must be considered. Furthermore, a large part of the costs of R&D is in 

clinical trials, conducted in public hospitals, that are paid a remuneration in order 

to recruit and manage patients in clinical trials. The products (drugs, devices) are 

usually provided for "free", therefore representing a R&D cost to the sponsor, but 

a benefit for public sector patients.  Therefore, the focus needs to be on both the 

revenues and the costs for each of the actors, public sector and private. 

Consequently, only a mapping of all potential financial flows into the R&D 

ecosystem, out of it, and between stakeholders in innovation & R&D provides a 

full picture. This will be covered in the next steps of this research. 

In the recent decades a mismatch of public health needed-driven products with 

large benefits and for-profit-driven products (e.g. in oncology) with marginal 

benefits [31, 42, 137] can be observed. The 2023 WHO-Report on “Health for all: 

Transforming Economies to Deliver What Matters”[138] argues for “an innovation 

ecosystem that prioritises the common good, ensuring equitable access to 

health innovation and that the design of innovation investments, policies, 

intellectual property rights and partnerships should recognise that innovation 

requires intelligence – from public and private sectors, and from multiple 

government departments and businesses. Innovation can be directed to tackle 

health challenges, and the partnerships required to solve these challenges can 
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be designed to better share the risks and rewards of innovation, for example by 

making government funding conditional on affordable access and requiring 

profits to be shared or reinvested in R&D rather than used for shareholder 

buybacks” [139].  

The complementarity of “intelligence from public and private sectors” is based 

on an implicit agreement (so called “social contract” [140]) between 

government, citizens, organizations and private commercial actors, that there 

are mutual obligations of the contractual partners. Applied to the context of 

medicines (and other medical products) the corporate companies commit to 

bringing medicines to the market that address health needs in exchange for 

profits that compensate their investments [141]. The role of governments is – 

within this social contract – to provide the legal and regulatory framework. 

However, this social contract between the public and private sector to 

complement each other in developing “public goods”, that has worked well for 

long, seems “broken” or – on the contrary –, it is argued that the market is not 

broken, but rather it works too well. The incentives for orphan drugs are now so 

strong that it might be displacing investment capital from other therapeutic 

areas, that are likely to have a greater impact on public health. The many pull 

incentives for orphan drugs and rare diseases and the RoI for orphan drugs is now 

so high, that the attention on rare diseases is displacing investment capital from 

other areas.  This displacement of capital and effort from broad public health 

problems to micro-diseases might explain the decreasing health impact of R&D 

as well as increasing prices. Hence, it is important to develop a common 

conception of what is meant by “value” in therapeutic innovation and how it is 

measured and rewarded.  

Alongside the escalating prices, the awareness of the problem has awakened: 

Nobel laureate Joseph Stiglitz warned already in 2020 that price policy could 

lead to an implosion of the entire pharmaceutical system. As an alternative, he 

proposes a much more active role for communities of states in drug 

development. Both, the Belgian HTA Institute KCE (Belgium Health Care 

Knowledge Center) 2016 [142] and the Dutch “Council for Public Health and 

Society” 2017 [143] concerned themselves with alternative models of drug 

development. One-off payments for genuine innovations could replace long 

patent terms. Submitting tenders for conducting clinical trials for new drugs with 

subsequent “generic” prices is also conceivable. The prices (cost plus) would 

have to include production costs, marketing expenditure, and profits, but the 

research effort would no longer be paid prescription by prescription. The first 

initiatives on patent pools and research platforms have shown that it is also 

possible to manufacture medicines outside the corporate world [144].  
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Several recent US and European policy papers have started to propose national 

public pharmaceutical R&D institutions [145] and/ or public infrastructure [146] to 

counter the market failure or clinicians´ as well as regulatory initiatives have 

started to act based on existing regulatory frameworks such as “hospital 

exemptions”  or “academic and non-profit development” [147] [94, 148, 149]. 

The UN High Level Panel on Access to Medicines has also called for the 

unbundling of the value chain of drug development and for decoupling R&D 

costs from the final price of health technologies in general [136]. A decoupling 

of the individual work stages has since long been executed as a de-risking 

strategy in the pharmaceutical industry but is not communicated. Questions 

remain whether the public sector have the mechanisms to measure and 

manage risk.    

The purpose of increased transparency on financial contribution to (medical and 

medical) products’ R&D is to take the public contributions into account when 

pricing a product and to increase the need of justification of very high prices.  

However, this work is just a stepping stone. Whatever method of accounting for 

the public contribution, the issue of the mergers’ and acquisitions will pose very 

steep challenges: mergers and acquisitions complicate who ultimately has to 

discount from their rent extraction the public contributions, e.g., the company 

that initiated the innovation and cashed the rents selling before phase II and III 

(as an example) or the company that acquired the innovation at a price that 

did not discount the public contribution. These challenges are not 

unsurmountable but need to be considered in further analyses. Furthermore, 

exploration of policies for R&D investments strategies such as an option market 

[33] or  a global R&D fund, paid for out of global revenues of the companies or  

policies enforcing disclosure of public funding and to monitor it is needed to 

support health policy.  

Orphan drugs and antibiotics are two cases where the public contribution aims 

at fixing broken markets and at providing incentives. This is intentionally a public 

intervention to drive innovation to spaces where the market was not reactive. 

These intentional drivers should further be explored by defining public needs and 

expected outcomes under conditional contracts. However, the direction of R&D 

is not only determined by need and demand (incentives by payers and 

regulators for certain types of diseases and products), but equally by technical 

(supply-side) factors, such as progress in basic science: the decoding of the 

genome (around the turn of the century) led to applications (such as biomarkers) 

and spinoffs from those. Hence, who and how the public priorities are set, the 

governance and funding of basic science is of primary importance and 

underpins an argument that basic science should be a Global Public Good in 

the broadest, classic sense. 
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3.3.3 Limitations 

This research has several limitations: 

• The major limitation to get a full picture is the lack of accessibility and 

availability of national sources providing data in enough detail or in a 

standardized format, esp. in Europe in the EU-27 countries. An obligation 

of structured and transparent reporting is needed. While the NIH 

RePORTER is easily searchable and provides the information in different 

formats, the Cordis Database is descriptive only. While US-located 

companies have to provide annual financial statements (SEC-reports), no 

such source is available in Europe.  

• A lot of very well documented data and info of the public contribution to 

innovation and R&D, direct and indirect, is provided. However, the 

information is lacking linkages to product/projects in order to 

contextualize and relativise the public contributions and their impact. 

Since this was not within the scope of this part of the project, this will 

happen in the next step of the project, when the framework of categories 

is applied to case-studies. 

• Another major limitation is, that some areas have not been covered by 

this research. What is lacking is information on taxes, esp. reduced taxes 

for commercial R&D, on national and regional support to companies to 

settle in a certain region, on overhead expenses for national and 

European services providing consultancy on EC-research funding and on 

innovation funding, on expenses for patenting (and public spending on 

over-patenting) etc. 

• All aspects, such as skill development, academic education and training 

that are essential prerequisites for the settlement of companies in certain 

regions, is not touched at all, since these are public contributions, however 

not solely targeted at health innovations. 

• Some public contributions were assigned – for pragmatic reasons - to one 

individual category (e.g. in horizontal contributions), and only mentioned 

in another (such as methodology advancement in collecting and 

handling real-world data). However, there is some overlap, what can be 

considered a limitation of the approach of categories.  

• Furthermore, the information searched for and sought is not exhaustive 

and provides only examples. While a general impression can be given, a 

generalisation across all therapies, medicines and medical products is not 

easily possible. Especially, the areas of medical product development 

and of me-too drugs are under-researched. 
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• Finally, we searched for and used only publications in English and German 

language. 

3.3.4 Conclusion 

The question is not so much why we need to consider the public contributions, 

but how to capture the substantial amounts of public funding from European as 

well as from US based (and further countries) public institution. Next to the legal 

ground laid by the Pharmaceutical Legislation (PL) the methods need to be 

further refined. The conditions attached to public R&D grants are not sufficient 

[150]. The proposal for the new PL plans transparency requirements on the 

reporting of direct public R&D received. However, – as was shown here – the 

indirect (e.g. horizontal) public contributions are as relevant as the direct ones. 

While showcasing the direct and indirect public contributions along the 

proposed categories seems easy in contrast to incorporating these figures into 

pricing.  Therefore, we argue for a redesigning and updating the existing 

regulatory framework to make it more aligned with current challenges [151].  

Furthermore, the conditions for transparency requirements are not yet in place 

to allow control and monitoring. Several policy options are proposed as 

conclusions of the paper:  

• Standardized reporting of public and philanthropic R&D spendings, not 

only on the European level, but also for national funders, incl. their outputs 

(patents, spin-offs, …) and follow-up on KPIs, increase reporting granularity 

of data and projects´ outputs. 

• Compulsory requirements of R&D reporting for industry with clearly defined 

in-/ and exclusion criteria for increase of comparability between Public 

and private of R&D expenditures, including detailed reporting of costs. 

• Detailing contractual options for conditionalities and requirements 

attached to public support to research and further development of 

innovations (in academic research, in start-up, pin-out/spinoffs) such as to 

tie public investments to a “reasonable pricing clause”, open access to 

intellectual property rights (IPR), profit-sharing or repayment of the initial 

investment or royalty payments to the public. 

• Transparency on any changes of ownership from public to private and on 

the terms of these agreements (“conditionalities”) on the reward the 

licensor for monitoring the relation between the profitability of the 

approved product and the return to the licensee.  

• Exploitation of the national routine electronic health data sources and 

interoperability among sources (e.g hospital episode data, major clinical 

events, rehospitalizations, disease registries, linkage to death registration 
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data, etc.) to conduct PLEG studies with full transparency and 

incorporation of this RWE data in models of prize-setting. 

Finally, the role and willingness of political decision-makers to use the eventually 

established transparent information on public contributions, needs to be stressed. 

Otherwise, the transparency requirement clause will stay “dead paper” instead 

of advocating for a paradigm change. 
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Appendices Chapter 2 

Appendix A 

Table A 1: Possible report on costs for clinical trials 
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Appendix B 

Topic 1: Cost estimations 

Q1: Do you have a costing tool for estimating the costs of clinical trials? 

Q2: What factors are the reason for the immense cost differences between studies on 

estimations for pharmaceutical R&D?  

Q3: What are the cost per patients in clinical trials? Are there differences between 

academic and commercial trials? 

Q4: How can cost differences between commercial and academic studies be 

explained? 

Q4: Do you include costs associated with basic research or compound-non-specific 

research in your cost reports for a specific new drug? 

Topic 3: Attrition rates 

Q1: Are you aware of a method to differentiate between scientific and commercial 

attrition of pharmaceutical R&D with publicly available data?  

Q2: What are your estimations for attrition rates on basic research? 

Topic 2: Public contributions to pharmaceutical R&D 

Q1: When reporting on costs of product development, which categories of direct or 

indirect public contributions can be thought of? 

Q2: How are costs of using public infrastructure in commercial studies reimbursed? 

Q3: Are in-licensing and acquisitions counted as R&D costs? 
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Appendix C 

Table C 1: Publication on costs for pharmaceutical R&D: Mixed therapeutic and specific therapeutic fields 
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Appendices Chapter 3 

A:  Funding of LifeScience  

• A-1:  Published data analyses on public contributions to R&D of drugs (and other technologies) 

• A-2: National R&D Funding insitutions 

• A-3: National (Biotechnology, LifeScience, Health) Innovation Support for Spin-Outs/ Offs and Start-ups 

• A-4: EU Contribution and total project costs in FP7 Health 

• A-5: EU Contribution to Patents (FP7 Health) -Number of patents by pillar and corresponding sub-activity  

• A-6: Overview of EC-R&D Programmes 

 

B:  Public contributions to drug development (examples) 

• B-1: Characteristics of Funded FDA Grants (2007—2011) for late stage clinical trials that Led to FDA Approvals 

• B-2: FDA Research Grants for Product Development (Phase 1-3 trials) 

• B-3: EC-Funds within the European Joint Programme on Rare Diseases (2007-2022) 

• B-4: EC-funded projects on rare diseases with clinical trials 

• B-5: Antibiotics currently in development (Phase 3) 

• B-6: Actors in R&D of antibiotics 

• B-7: EC-funded projects on antimicrobial resistance, drug development and clinical trials  

 

C: Public contributions to…. (IMI/ IHI projects) 

• C-1: Target Identification, Drug Discovery, Drug Delivery 

• C-2: Development of tools for Predicting and Monitoring Efficacy and/or Safety, as well as for Refining Disease Taxonomy/ Biomarker-

Stratification  

• C-3: Clinical Trial Design, Real World Data and Evidence, Methods for Benefit-Risk Assessment and Regulatory and HTA Process 

• C-4: Ecosystems and Networks: Clinical Networks and Patient Involvement in R&D, Education and Training  

• C-5: Conducting Clinical Trials  

• C-6: Big Data and Knowledge Management, Digital Health, Artificial Intelligence   

 

D: Public Contributions to Spin-Off/ Spin-Out from academic R&D and acquisitions (overview and examples) 

• D-1: European Innovation Council (EIC): Progrmmes and Funding 2021-2023 

file://///hta.lbi.ac.at/DFSRoot/Users/Wild/DOCS/CLAUDIA/HTA%20EU-Projektanträge/PRIX/WP2/European%20Joint%20Programme%20on%20Rare%20Diseases
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• D-2: European Institute for Innovation and Technology (EIT) funded Health Products 2021-2023 

• D-3: Good Practice Examples for transparent reporting on academic research spin-offs/ spin-outs in NL:  

BioGeneration Ventures (BGV): Examples from Portfolio BGV I 

• D-4: Origins of drug products manufactured by Pfizer in 2017 

• D-5: Origins of drug products manufactured by J&J in 2017 

• D-6: Overview of EMA-approved ATMPs, acquisitions and licensing agreements in early research, later development    

    

E: Public Contributions to Regulation and Marketing Authorization  

• E-1: European Medicines Agency (EMA) reflection papers and guidances on novel methodologies for medicine development 

• E-2: HTA-Joint Scientific Advice (JCS)/ Early Dialogue (ED) to Health Technology Developer (HTD) 
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Appendix A 

Funding of LifeScience  

 

• A-1: Published data analyses on public contributions to R&D of drugs (and other technologies) 

• A-2: National R&D Funding insitutions 

• A-3: National (Biotechnology, LifeScience, Health) Innovation Support for Spin-Outs/ Offs and Start-ups 

• A-4: EU Contribution and total project costs in FP7 Health 

• A-5: EU Contribution to Patents (FP7 Health) 

• A-6: Overview of EC-R&D Programmes 
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Table A- 1: Published data analyses on public contributions to R&D of drugs (and other technologies)  
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CAR-T - Chimeric antigen receptor T, FDA – Food and Drug Administration, NIH – National Institute of Health, NME – new molecular entity, PrEP -pre-expositions prophylaxis; R&D research and 

development, SMA - spinal muscular atrophy, TPP1 - tripeptidyl peptidase 1  

Table A- 2: National R&D Funding institutions in Europe 

http://dashboard.fwf.ac.at/de/

https://www.fwo.be/en/news/results/research-projects-and-research-grants/
https://www.fwo.be/en/financed-

research/database-financed-research/

https://www.frs-fnrs.be/docs/RapportAnnuel_2021.pdf

https://www.fwf.ac.at/de/
http://dashboard.fwf.ac.at/de/
https://www.fwo.be/en/
https://www.fwo.be/en/news/results/research-projects-and-research-grants/
https://www.fwo.be/en/financed-research/database-financed-research/
https://www.fwo.be/en/financed-research/database-financed-research/
https://www.frs-fnrs.be/en/
https://www.frs-fnrs.be/docs/RapportAnnuel_2021.pdf
https://www.bas.bg/?lang=en
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https://hrzz.hr/en/funding-programmes/national-research-programmes/

https://hrzz.hr/en/funding/project-database/
https://hrzz.hr/wp-content/uploads/godisnje-izvjesce-HRZZ-

2021-ENG-web.pdf

https://www.research.org.cy/en/strategic-
planning/studies-and-statistical-data/#toggle-id-1-closed

https://innovationsfonden.dk/en/investments/investments-overview
https://innovationsfonden.dk/da/publikationer

https://www.etag.ee/en/activities/analysis/statistics-rd-funding-estonia/

https://scanr.enseignementsup-recherche.gouv.fr/
https://anr.fr/en/funded-projects-and-

impact/data-analyses-and-impact-studies/

https://ecrin.org/funding-
multinational-clinical-trials

https://ecrin.org/sites/default/files/2022-08/Ecrin-
Annual_Report_2021_web.pdf 

https://www.aka.fi/en/about-us/what-we-do/what-we-are/who-gets-the-
funding/; 2021: €490 mil (total)

https://gepris.dfg.de/gepris/programmlisten?language=de#PROGRAMM=Forschu
ngsgruppen&VARIANTE=Klinische%20Forschungsgruppen

https://www.dfg.de/download/pdf/dfg_im_profil/geschaeftsstelle/publikationen
/dfg_jb2021.pdf

https://gsri.gov.gr/en/programming-periods/

https://nkfih.gov.hu/english-2017/rdi-policy/management-of-the-nrdi

https://hrzz.hr/en/
https://hrzz.hr/en/funding-programmes/national-research-programmes/
https://hrzz.hr/en/funding/project-database/
https://hrzz.hr/wp-content/uploads/godisnje-izvjesce-HRZZ-2021-ENG-web.pdf
https://hrzz.hr/wp-content/uploads/godisnje-izvjesce-HRZZ-2021-ENG-web.pdf
https://www.research.org.cy/
https://www.research.org.cy/en/strategic-planning/studies-and-statistical-data/#toggle-id-1-closed
https://www.research.org.cy/en/strategic-planning/studies-and-statistical-data/#toggle-id-1-closed
https://www.azvcr.cz/
https://innovationsfonden.dk/en
https://innovationsfonden.dk/en/investments/investments-overview
https://innovationsfonden.dk/da/publikationer
https://etag.ee/en/
https://www.etag.ee/en/activities/analysis/statistics-rd-funding-estonia/
https://www.inserm.fr/
https://anr.fr/en/
https://scanr.enseignementsup-recherche.gouv.fr/
https://anr.fr/en/funded-projects-and-impact/data-analyses-and-impact-studies/
https://anr.fr/en/funded-projects-and-impact/data-analyses-and-impact-studies/
https://ecrin.org/
https://ecrin.org/funding-multinational-clinical-trials
https://ecrin.org/funding-multinational-clinical-trials
https://ecrin.org/sites/default/files/2022-08/Ecrin-Annual_Report_2021_web.pdf
https://ecrin.org/sites/default/files/2022-08/Ecrin-Annual_Report_2021_web.pdf
https://www.aka.fi/en/
https://www.aka.fi/en/about-us/what-we-do/what-we-are/who-gets-the-funding/;%202021:%20€490%20mio%20(total)
https://www.aka.fi/en/about-us/what-we-do/what-we-are/who-gets-the-funding/;%202021:%20€490%20mio%20(total)
https://www.dfg.de/
https://gepris.dfg.de/gepris/programmlisten?language=de#PROGRAMM=Forschungsgruppen&VARIANTE=Klinische%20Forschungsgruppen
https://gepris.dfg.de/gepris/programmlisten?language=de#PROGRAMM=Forschungsgruppen&VARIANTE=Klinische%20Forschungsgruppen
https://www.dfg.de/download/pdf/dfg_im_profil/geschaeftsstelle/publikationen/dfg_jb2021.pdf
https://www.dfg.de/download/pdf/dfg_im_profil/geschaeftsstelle/publikationen/dfg_jb2021.pdf
http://www.gsrt.gr/
https://gsri.gov.gr/en/programming-periods/
https://eody.gov.gr/en/
https://nkfih.gov.hu/about-the-office
https://nkfih.gov.hu/about-the-office
https://nkfih.gov.hu/english-2017/rdi-policy/management-of-the-nrdi
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https://www.sfi.ie/annual-report-2021/SFI-Annual-Report-
2021.pdf

https://www.frrb.it/en/funded-projects

https://www.lmt.lt/en/research-funding/national-
programmes/2899

https://www.fnr.lu/news/fnr-publications/
https://www.fnr.lu/project-finder/advanced-search/#results

https://mcst.gov.mt/funding-opportunities/

https://www.nwo.nl/en/researchprogrammes
https://www.nwo.nl/en/annual-report

https://www.forskningsradet.no/en/about-the-research-council/Portfolios/life-
science/investment-plan-for-life-science/

https://www.gov.pl/web/ncbr-en/national-programmes
https://www.gov.pl/attachment/567ea104-e7ed-4e8e-af29-

ba5eb1fdd3a7

https://www.ncn.gov.pl/en/przyklady-
projektow?field_konkurs_typ_target_id=All&field_projekt_grupa_nauk_target_id
=471

https://www.fct.pt/en/sobre/documentos-de-gestao/

https://old.research.gov.ro/ro/articol/2427/sistemul-de-
cercetare-bugetul-cercetarii-executie

https://www.sfi.ie/
https://www.sfi.ie/annual-report-2021/SFI-Annual-Report-2021.pdf
https://www.sfi.ie/annual-report-2021/SFI-Annual-Report-2021.pdf
https://www.hrb.ie/
https://www.iss.it/web/iss-en
https://www.frrb.it/
https://www.frrb.it/en/funded-projects
https://www.viaa.gov.lv/
https://www.lza.lv/en/home
https://www.lmt.lt/indexe.php
https://www.lmt.lt/en/research-funding/national-programmes/2899
https://www.lmt.lt/en/research-funding/national-programmes/2899
https://www.fnr.lu/
https://www.fnr.lu/news/fnr-publications/
https://www.fnr.lu/project-finder/advanced-search/#results
https://mcst.gov.mt/
https://mcst.gov.mt/funding-opportunities/
https://www.zonmw.nl/en/
https://www.nwo.nl/en
https://www.nwo.nl/en/researchprogrammes
https://www.nwo.nl/en/annual-report
https://folkehelseforeningen.no/
https://www.forskningsradet.no/en/
https://www.forskningsradet.no/en/
https://www.forskningsradet.no/en/about-the-research-council/Portfolios/life-science/investment-plan-for-life-science/
https://www.forskningsradet.no/en/about-the-research-council/Portfolios/life-science/investment-plan-for-life-science/
https://www.gov.pl/web/ncbr-en
https://www.gov.pl/web/ncbr-en/national-programmes
https://www.gov.pl/attachment/567ea104-e7ed-4e8e-af29-ba5eb1fdd3a7
https://www.gov.pl/attachment/567ea104-e7ed-4e8e-af29-ba5eb1fdd3a7
https://www.ncn.gov.pl/en
https://www.ncn.gov.pl/en/przyklady-projektow?field_konkurs_typ_target_id=All&field_projekt_grupa_nauk_target_id=471
https://www.ncn.gov.pl/en/przyklady-projektow?field_konkurs_typ_target_id=All&field_projekt_grupa_nauk_target_id=471
https://www.ncn.gov.pl/en/przyklady-projektow?field_konkurs_typ_target_id=All&field_projekt_grupa_nauk_target_id=471
https://www.fct.pt/en/
https://www.fct.pt/en/sobre/documentos-de-gestao/
https://aicib.pt/
https://old.research.gov.ro/
https://old.research.gov.ro/ro/articol/2427/sistemul-de-cercetare-bugetul-cercetarii-executie
https://old.research.gov.ro/ro/articol/2427/sistemul-de-cercetare-bugetul-cercetarii-executie
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https://uefiscdi.gov.ro/rapoarte-de-activitate

https://www.sav.sk/?lang=en&doc=docs-annual-sas

https://www.arrs.si/en/analize/obseg01/
https://www.arrs.si/en/gradivo/dokum/inc/22/LP-ARRS-2021-

ENG.pdf

http://www.sicris.si/public/jqm/cris.aspx?lang=eng&opdescr=prgSearch&opt=2&
subopt=5

https://eng.isciii.es/eng.isciii.es/InformacionCiudadanos/PortalTranspariencia/IEP
E/Paginas/Contratos.html

https://www.ficyt.es/portaltransp/Cuentas.asp

https://www.sspa.juntadeandalucia.es/fundacionprogresoysalud/transparencia/p
agina.php?secc=5&pag=documentos

https://www.vr.se/english/swecris.html#/?funder=202100-5208&scb=3

https://www.vr.se/download/18.7c48537717dc24f2564268cf/1643114120341/T
he_Swedish_Research_Barometer_2021_tg.pdf
https://www.vr.se/english/analysis/swedish-research-in-figures.html

https://www.nihr.ac.uk/documents/about-us/our-
contribution-to-research/research-performance/NIHR-annual-report-21-22.pdf

https://public.tableau.com/app/profile/uk.research.and.innovation.ukri./viz/UKRI
CompetitiveFundingDecisions2020-21/

https://www.ukri.org/what-we-offer/what-we-have-funded/mrc/; 

https://www.cso.scot.nhs.uk/funded-research/

https://uefiscdi.gov.ro/
https://uefiscdi.gov.ro/rapoarte-de-activitate
https://www.sav.sk/?lang=en
https://www.sav.sk/?lang=en&doc=docs-annual-sas
http://www.arrs.si/en/opis-logotipa.asp
http://www.arrs.si/en/opis-logotipa.asp
https://www.arrs.si/en/analize/obseg01/
https://www.arrs.si/en/gradivo/dokum/inc/22/LP-ARRS-2021-ENG.pdf
https://www.arrs.si/en/gradivo/dokum/inc/22/LP-ARRS-2021-ENG.pdf
http://www.sicris.si/public/jqm/cris.aspx?lang=eng&opdescr=prgSearch&opt=2&subopt=5
http://www.sicris.si/public/jqm/cris.aspx?lang=eng&opdescr=prgSearch&opt=2&subopt=5
https://eng.isciii.es/
https://eng.isciii.es/eng.isciii.es/InformacionCiudadanos/PortalTranspariencia/IEPE/Paginas/Contratos.html
https://eng.isciii.es/eng.isciii.es/InformacionCiudadanos/PortalTranspariencia/IEPE/Paginas/Contratos.html
https://www.ficyt.es/index_uk.asp
https://www.ficyt.es/portaltransp/Cuentas.asp
https://www.sspa.juntadeandalucia.es/fundacionprogresoysalud/es/
https://www.sspa.juntadeandalucia.es/fundacionprogresoysalud/es/
https://www.sspa.juntadeandalucia.es/fundacionprogresoysalud/transparencia/pagina.php?secc=5&pag=documentos
https://www.sspa.juntadeandalucia.es/fundacionprogresoysalud/transparencia/pagina.php?secc=5&pag=documentos
https://forte.se/en/
https://www.vr.se/english/swecris.html#/?funder=202100-5208&scb=3
https://www.vr.se/english.html
https://www.vr.se/download/18.7c48537717dc24f2564268cf/1643114120341/The_Swedish_Research_Barometer_2021_tg.pdf
https://www.vr.se/download/18.7c48537717dc24f2564268cf/1643114120341/The_Swedish_Research_Barometer_2021_tg.pdf
https://www.vr.se/english/analysis/swedish-research-in-figures.html
https://www.nihr.ac.uk/
https://www.nihr.ac.uk/documents/about-us/our-contribution-to-research/research-performance/NIHR-annual-report-21-22.pdf
https://www.nihr.ac.uk/documents/about-us/our-contribution-to-research/research-performance/NIHR-annual-report-21-22.pdf
https://www.ukri.org/councils/mrc/
https://www.ukri.org/councils/mrc/
https://public.tableau.com/app/profile/uk.research.and.innovation.ukri./viz/UKRICompetitiveFundingDecisions2020-21/
https://public.tableau.com/app/profile/uk.research.and.innovation.ukri./viz/UKRICompetitiveFundingDecisions2020-21/
https://www.ukri.org/what-we-offer/what-we-have-funded/mrc/
https://www.cso.scot.nhs.uk/
https://www.cso.scot.nhs.uk/funded-research/
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Table A- 3: National (Biotechnology, LifeScience, Health) Innovation Support for Spin-Outs/ Offs and Start-ups 

https://mingor.gov.hr/
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Table A- 4: EU Contribution and total project costs in FP7 Health [44]   
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Table A- 5: EU Contribution to Patents (FP7 Health) -Number of patents by pillar and corresponding sub-activity [44]  
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Table A- 6: Overview of EC-R&D Programmes [153] 
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Appendix B 

 

Public contributions to drug development (examples: Orphan Drugs & Antibiotics) 

 

• B-1: Characteristics of Funded FDA Grants (2007—2011) for late stage clinical trials that Led to FDA Approvals 

• B-2: FDA Research Grants for Product Development (Phase 1-3 trials) 

• B-3: EC-Funds within the European Joint Programme on Rare Diseases (2007-2022) 

• B-4: EC-funded projects on rare diseases with clinical trials 

• B-5: Antibiotics currently in development or recently approved 

• B-6: Actors in R&D of antibiotics 

• B-7: EC-funded projects on antimicrobial resistance, drug development and clinical trials  

  

file://///hta.lbi.ac.at/DFSRoot/Users/Wild/DOCS/CLAUDIA/HTA%20EU-Projektanträge/PRIX/WP2/European%20Joint%20Programme%20on%20Rare%20Diseases
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Table B- 1: Characteristics of Funded FDA Grants (2007—2011) for late stage clinical trials that Led to FDA Approvals, (N = 9) [54]  
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Table B- 2: FDA Research Grants for Product Development (Phase 1-3 trials) (2021) [154] 
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Table B- 3: EC-Funds within the European Joint Programme on Rare Diseases (EJP RD, https://www.ejprarediseases.org/) 2007-2022 

file://///hta.lbi.ac.at/DFSRoot/Users/Wild/DOCS/CLAUDIA/HTA%20EU-Projektanträge/PRIX/WP2/European%20Joint%20Programme%20on%20Rare%20Diseases
https://www.ejprarediseases.org/
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Table B- 4: EC-funded projects on rare diseases with clinical trials (Cordis Db, https://cordis.europa.eu/de) 

project/total cost – total costs per project (EU funding + other contributions) in €, project/ecMaxContribution – EU contribution per project in € 

  

https://cordis.europa.eu/de
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Table B- 5: Antibiotics in development (phase 3) [58] [59, 60] [61] [62] [63] 
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Table B- 6:  Actors in R&D of antibiotics: “where is the innovation coming from” [64] 
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Table B- 7:  EC-funded projects on antimicrobial resistance, drug development and clinical trials (Cordis Db) 
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Appendix C 

Public contributions to…. (IMI/ IHI projects) 

 

• C-1: Target Identification, Drug Discovery, Drug Delivery 

• C-2: Development of tools for Predicting and Monitoring Efficacy and/or Safety, as well as for Refining Disease Taxonomy/ Biomarker-Stratification  

• C-3: Clinical Trial Design, Real World Data and Evidence, Methods for Benefit-Risk Assessment and Regulatory and HTA Process 

• C-4: Ecosystems and Networks: Clinical Networks and Patient Involvement in R&D, Education and Training  

• C-5: Conducting Clinical Trials  

• C-6: Big Data and Knowledge Management, Digital Health, Artificial Intelligence   
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Examples in category [72]: Public Contributions to Target Identification, Drug Discovery and Drug Delivery  

 

• AETIONOMY discovered 180 putative disease mechanisms for Alzheimer’s and Parkinson’s diseases, of which 6 have been selected for further validation. 

• ENABLE has identified a new way of targeting drug resistant bacteria. More broadly, the New Drugs for Bad Bugs (ND4BB) programme has delivered 

screening data on the antimicrobial activity and toxicity of several compounds. 

• NEWMEDS developed three new methodologies for measuring neurotransmitters (the molecules that transmit nerve signals from one nerve cell to another) 

using positron emission tomography (PET). 

• ULTRA-DD showed that a protein called PRMT5 could be a drug target for new treatments for glioblastoma, a highly aggressive type of brain tumour. 

• ZAPI has identified vaccine candidates for a number of zoonoses (diseases that are transmitted to humans from animals), namely Rift Valley fever, 

Schmallenberg virus, and Middle East Respiratory Syndrome. 
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Table C -  1: Public contributions to Target Identification, Drug Discovery, Drug Delivery  
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* Project costs were -  in case of multiple assignments to categories – calculated only once. 

 

Examples in category [72]: Public Contributions to the Development of tools for Predicting and Monitoring Efficacy and/or Safety, as well as for Refining Disease 

Taxonomy/ Biomarker-Stratification  

 

• BTCure has defined new subsets of rheumatoid arthritis patients based on biomarkers analysed. This information is essential for improving clinical trials and 

moving towards more personalised treatments. 

• eTOX drew on existing toxicity data to generate 200 ‘in silico’ models for predicting the toxicity of medicines in the early stages of development. eTOX’s 

toxicology database and models have been implemented in all 13 industry partners and used to predict the toxicity of drug candidate molecules. 

• MIP-DILI developed a three-dimensional model of liver tissue that allows scientists to study how the liver works, and whether a drug is likely to harm the liver, 

among other things. These tools are supported by European and US regulators. 

• ORBITO has designed a new tool based on an artificial membrane for predicting how a drug will be absorbed in the body. Several companies have 

successfully integrated ORBITO tools into their R&D routine. 

• PREDECT developed the first animal model of a common form of breast cancer that faithfully replicates the human disease. Project partners are using the 

three-dimensional (3D) models of tumours in their research.  

• SAFE-T developed biomarkers for the prediction, detection, and monitoring of drug-induced injuries to the kidney, liver, and vascular system; Companies 

are using the biomarkers to assess the safety of drugs in development. 

• SUMMIT & DIRECT have identified a variant of a gene called SLC2A2 that affects how well a type 2 diabetes patient responds to the drug metformin.  
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Table C -  2: Public contributions to Tools for Predicting/ Monitoring Efficacy and/or Safety, as well as for Refining Disease Taxonomy/ Biomarker-Stratification 
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‐
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* Project costs were -  in case of multiple assignments to categories – calculated only once. 
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Examples in category [72]: Public contributions to Clinical Trial Design, Real World Data and Evidence, Methods for Benefit-Risk Assessment and for the Regulatory 

and HTA process 

• EHR4CR has developed a platform that enables controlled access to hospitals’ data for the preparation of clinical trials. The platform has demonstrated its 

usefulness in speeding up the recruitment of patients, while ensuring that patient privacy is respected.  

• EPAD is currently recruiting the largest multicentre European deep phenotyped cohort (6 000 subjects) for preclinical Alzheimer’s disease, including 

biosamples. 

• iABC: Patient cohort databases European Bronchiectasis Registry, more than 8 000 patients from 25 countries enrolled. 

• EUROPAIN’s work on classifying patients by their sensitivity to pain contributed to EMA guidelines on the development of pain treatments. 

• GETREAL developed new tools and resources for incorporating real world data (RWD) into drug development. GETREAL Initiative (a follow-up project) is to 

drive the adoption of these tools and so increase the quality of real-world evidence (RWE) generation in medicines development and regulatory /health 

technology assessment processes.  

• PROactive’s patient-reported outcomes on chronic obstructive pulmonary disease (COPD) are under review with the EMA. The tools are already being 

used by researchers from the project as well as at least one company from outside the project. 

• PROTECT delivered a range of tools for regulators relating to the assessment of the benefits and risks of medicines. 
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Table C -  3: Public contributions to Clinical Trial Design, Real World Data and Evidence, Methods for Benefit-Risk Assessment and Regulatory and HTA Process 
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* Project costs were -  in case of multiple assignments to categories – calculated only once 
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Examples in category [72]: Public contributions to Ecosystems and Networks: Clinical Network and Patient involvement in R&D, Education and training 

• COMBACTE group of projects is building a pan European antibacterial development networks and using them to run high-quality clinical studies 

addressing antimicrobial resistance.  

o The CLIN-Net hospital network includes over 800 hospitals in 42 countries in Europe. Capable of quickly and reliably recruiting, treating, monitoring 

and reporting data on the required numbers of patients in multinational, multicentre trials at all stages of clinical drug development.  

o EPI-Net harmonises and connects various European systems of disease surveillance. The aim is to increase our collective scientific knowledge 

about the distribution and determinants of serious bacterial infections in Europe.  

o LAB-Net maintains an extensive pan-European network of over 600 microbiology laboratories, with the overall objective to establish, train, and 

maintain a high-quality, geographically representative European laboratory network. 

o STAT-Net is a pan-European network of statistical experts from both 

• EUPATI developed a programme on patient engagement in the drug development and regulatory process. The programme includes an in-depth training 

course (e.g. on clinical trial designs), an online toolbox, national platforms and wants to empower patients in expressing their needs and expectations.  

• Diverse indications or patient-specific networks (EU-AIMS:  network for autism spectrum disorder (ASD), INNODIA: trial network for type 1 diabetes, 

NEURONET: neurodegenerative research). 

• The European Clinical Research Alliance on Infectious Diseases (ECRAID, https://www.ecraid.eu/about-us) is the successor of the European-funded 

projects COMBACTE and PREPARE. COMBACTE is part of the IMI-funded programme ND4BB (New Drugs for Bad Bugs) and focuses on improving the clinical 

development of antibiotics. PREPARE (the Platform for European Preparedness Against (Re-)emerging Epidemics) is a large scale European network, 

including 27 beneficiaries and is funded by the EU FP7 Programme. PREPARE started its activities in February already 2014.  

• European Reference Networks (ERNs, https://www.erncare4ua.com/) are virtual networks across Europe (24 so far) aiming at improving care for patients 

with complex or rare diseases requiring highly specialized treatment by exchange of knowledge and collaborating [123]. ERNs were conceptualized and 

implemented through a Joint Action supported with EC-funds. The ERN initiative receives support from several EU funding programmes, including the 

Health Programme, the Connecting Europe Facility and Horizon Europe, but also national sources [155]. The European Rare Disease Research 

Coordination and Support Action  (ERICA), in which all 24 European Reference Networks (ERNs) take part, aims at  create a platform that integrates all 

https://www.ecraid.eu/about-us
https://www.ecraid.eu/about-us
http://www.combacte.com/
https://www.prepare-europe.eu/
https://www.erncare4ua.com/
https://erica-rd.eu/about/european-reference-networks/
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ERNs research and innovation capacity. The European Rare Disease Registry Infrastructure (ERDRI, https://eu-rd-platform.jrc.ec.europa.eu/_en). This 

registry is also used for collecting safety data on drug-induced incidences (such as infections, neurological reactions etc.).  

Table C -  4: Public contributions to Networks: Clinical Network and Patient involvement in R&D, Education and Training 

* Project costs were -  in case of multiple assignments to categories – calculated only once. 

 

Examples in category [72]: Public contributions to Conducting Clinical Trials 

https://eu-rd-platform.jrc.ec.europa.eu/_en


 

 148   This project has received funding from the European Union's Horizon Europe research 

and innovation programme under Grant Agreement number 101095593 

• EURECA focuses on patients with serious carbapenem resistant infections and aims to learn how patients across Europe are currently treated and which 

patients respond well to which treatments.  

• EBOVAC1 published data from a trial in the UK (87 participants) showing that the Janssen prime-boost Ebola vaccine regimen is safe, well tolerated, and 

induces durable immune responses. In total, 1 653 people have been enrolled in the EBOVAC1 and EBOVAC2 trials in Europe and Africa. An innovative 

community engagement strategy in Sierra Leone helped to ensure successful recruitment for the trial there. 

• PROTECT-trial compares the results of proton therapy with radiotherapy for patients suffering from cancer of the oesophagus. The clinical trial will involve 

400 patients in 9 countries.  

• SAATELLITE is investigating a drug called MEDI4893. MEDI4893 targets a toxin produced by Staphylococcus aureus, a bacteria often associated with 

hospitalassociated infections and linked to resistance issues.  

• UNITE4TB aims to accelerate and improve clinical trials of combinations of existing and new drugs, with the goal of developing new and highly active 

treatment regimens for TB, including drug-resistant TB. 
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Table C -  5: Public contributions to Conducting Clinical Trials 

* Project costs were -  in case of multiple assignments to categories – calculated only once. 
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Examples in category [72]: Public contributions to Big Data and Knowledge Management, Digital Health,  Artificial Intelligence   

• The BIGPICTURE has developed software tools to allow for the easy conversion of a range of existing whole slide image (WSI; glass slides are scanned to 

produce digital images) file formats to the digital imaging and communications in medicine (DICOM) standard: BIGPICTURE aims to generate a repository 

of 3 mil whole slide images (WSIs) for the development of AI algorithms and the acceleration of computational pathology.  

• The EHDEN Real World Data Portal will offer findable, standardised data.  The portal provides a one-stop-shop for study planning, data access, standardised 

analysis & reporting.  It is currently populated with 160 mil patient records from 20 countries, and will grow to include the complete EHDEN network of ~830 

mil patient records. 

• EHR4CR has developed a platform that enables controlled access to hospitals’ data for the preparation of clinical trials. The platform has demonstrated its 

usefulness in speeding up the recruitment of patients, while ensuring that patient privacy is respected. 

• HARMONY and HARMONY PLUS focused on blood cancers, rganising datasets in the platform according to the observational medical outcomes 

partnership (OMOP) standard format for observational data, capable of admitting any information independently of its origin. HARMONY has expanded 

existing vocabularies, terminologies, and coding schemes. Approx. 150 000 patients’ datasets had already been identified.   

• Inno4Vac aims to harness advances in fields such as immunology, microbiology, systems biology, mathematical models, big data and artificial 

intelligence, and incorporate them into the vaccine industry.  

• Open PHACTS created an online platform that links up diverse databases of informatirelating to medicines allowing quickly and easily access, query and 

analyse data from multiple sources. 
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Table C -  6: Public contributions to Big Data and Knowledge Management, Digital Health, Artificial Intelligence   



 

 152   This project has received funding from the European Union's Horizon Europe research 

and innovation programme under Grant Agreement number 101095593 

* Project costs were -  in case of multiple assignments to categories – calculated only once. 
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Appendix D 

Public Contributions to Spin-Off/ Spin-Out from academic R&D and acquisitions (overview and examples) 

• D-1: European Innovation Council (EIC): Progrmmes and Funding 2021-2023 

• D-2: European Institute for Innovation and Technology (EIT) funded Health Products 2021-2023 

• D-3: Good Practice Examples for transparent reporting on academic research spin-offs/ spin-outs in NL: BioGeneration Ventures (BGV): Examples 

from Portfolio BGV I 

• D-4: Origins of drug products manufactured by Pfizer in 2017 

• D-5: Origins of drug products manufactured by J&J in 2017 

• D-6: Overview of EMA-approved ATMPs, acquisitions and licensing agreements in early research, later development       
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Table D- 1: European Innovation Council: Programme and Funding 2021-2023  

• 

• 

• 

• 

• 
• 

• 

• 

• 

• 

• 

• 

https://eic.ec.europa.eu/eic-funding-opportunities/eic-pathfinder_en
https://eic.ec.europa.eu/eic-funding-opportunities/calls-proposals/eic-pathfinder-challenge-tools-measure-and-stimulate-activity-brain-tissue_en
https://eic.ec.europa.eu/document/download/06e3e9ff-e5b5-4cbd-8ef4-d8325cba9281_en?filename=Challenge%20Guide_Emerging%20Technologies%20in%20Cell%20and%20Gene%20therapy.pdf
https://eic.ec.europa.eu/eic-funding-opportunities/eic-accelerator_en
https://eic.ec.europa.eu/eic-funding-opportunities/eic-pathfinder_en
https://eic.ec.europa.eu/eic-funding-opportunities/calls-proposals/eic-pathfinder-challenge-cardiogenomics_en
https://eic.ec.europa.eu/eic-funding-opportunities/calls-proposals/eic-pathfinder-challenge-towards-healthcare-continuum-technologies-support-radical-shift-episodic_en
https://eic.ec.europa.eu/eic-funding-opportunities/calls-proposals/eic-pathfinder-challenge-towards-healthcare-continuum-technologies-support-radical-shift-episodic_en
https://eic.ec.europa.eu/eic-funding-opportunities/eic-accelerator_en
https://eic.ec.europa.eu/eic-funding-opportunities/eic-pathfinder_en
https://eic.ec.europa.eu/calls-tenders/eic-pathfinder-challenge-precision-nutrition_en
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Sources: EIC-WP2023-factsheet-main.pdf (Europa.eu), EIC-WP2022-factsheet-general.pdf (europa.eu), EIC-

WP2021.pdf (europa.eu)

https://eic.ec.europa.eu/system/files/2022-12/EIC%20WORK%20Programme%20%2B%20the%20main%20element.pdf
https://eic.ec.europa.eu/system/files/2022-02/EIC-WP2022-factsheet-general.pdf
https://euraxess.ec.europa.eu/sites/default/files/eic_work_programme_2021.pdf
https://euraxess.ec.europa.eu/sites/default/files/eic_work_programme_2021.pdf
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Table D- 2: European Institute for Innovation and Technology (EIT) funded health products (https://eithealth.eu/) 

https://eithealth.eu/
https://www.adiquit.cz/en/home/
http://www.aidx-medical.com/
https://antegenes.com/
https://www.diversatechnologies.com/
http://www.doctomatic.com/
https://www.linkedin.com/company/envisionmedical/?originalSubdomain=nl
https://greenhabit.nl/
http://www.healthforce.ai/
http://www.heuristik.tech/
https://www.hmg-systems-engineering.com/
https://knopka.health/
https://www.micro-cosmos.eu/en
http://www.morecognition.com/
https://www.oncology-and-cytogenetic-products.com/
https://www.osteobionix.com/
https://www.physikit.com/
https://sendance.at/


 

 157   This project has received funding from the European Union's Horizon Europe research 

and innovation programme under Grant Agreement number 101095593 

http://www.speaktx.com/
https://stroke2prevent.com/
https://medbase.com.pl/about-us/
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Bridgehead (BH); Catalyst Award (CA); Health Catapult (HC); InnoStar Award (ISA); MedtecLIVE (MTL); RIS- Regional Innovation Scheme (RIS)  Innovation Call (RIC); Wild Card (WC),  

  



 

 163   This project has received funding from the European Union's Horizon Europe research 

and innovation programme under Grant Agreement number 101095593 

Table D- 3: Good Practice Examples for transparent Reporting on academic research spin-offs/ spin-outs  in NL: BioGeneration Ventures (BGV), Portfolio from BGV 1  

 and acquisitions (own searches) 

https://utrechtholdings.nl/spin-

offs/

  

https://sciencebusiness.net/news/69788/Progentix-Orthobiology-secures-%2415M-from-commercialisation-partner
https://sciencebusiness.net/news/69788/Progentix-Orthobiology-secures-%2415M-from-commercialisation-partner
https://mdxhealth.com/press_release/mdxhealth-acquires-noviogendix-to-expand-uro-oncology-product-offering/
https://mdxhealth.com/press_release/mdxhealth-acquires-noviogendix-to-expand-uro-oncology-product-offering/
https://utrechtholdings.nl/spin-offs/
https://utrechtholdings.nl/spin-offs/
https://www.fiercebiotech.com/biotech/epirus-biopharmaceuticals-expands-biosimilar-pipeline-and-capabilities-through-acquisition
https://www.fiercebiotech.com/biotech/epirus-biopharmaceuticals-expands-biosimilar-pipeline-and-capabilities-through-acquisition
https://www.businesswire.com/news/home/20200714005124/en/
https://www.finsmes.com/2012/11/lanthio-pharma-raises-e4-8m-close-series-funding.html
https://www.finsmes.com/2012/11/lanthio-pharma-raises-e4-8m-close-series-funding.html
https://www.genengnews.com/news/morphosys-acquires-lanthio-pharma/
https://www.fiercebiotech.com/financials/morphosys-swoops-for-lanthio-as-biotech-investment-plan-matures
https://www.fiercebiotech.com/financials/morphosys-swoops-for-lanthio-as-biotech-investment-plan-matures
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Table D- 4: Origins of drug products manufactured by Pfizer in 2017 [107]   

   

https://www.eurekalert.org/pub_releases/2003-08/acs-wch082203.php
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.200704280
https://cen.acs.org/articles/92/i19/Cancer-Drug-Class-Hits-Stride.html
https://www.ncbi.nlm.nih.gov/pmc/articles/pmid/25377080/
http://archive.boston.com/business/globe/articles/2005/06/28/drug_firm_mgh_fight_over_royalties/
https://www.americanscientist.org/article/statins-from-fungus-to-pharma
https://www.nih.gov/news-events/news-releases/new-rheumatoid-arthritis-drug-targets-nih-discovered-protein
https://link.springer.com/chapter/10.1007/978-3-0348-7945-3_1
http://www.max-planck-innovation.de/en/news/newsletter/2_2006/sutent.php
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6179352/
https://pubsapp.acs.org/cen/coverstory/83/8325/8325premarin.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5447095/
https://www.nytimes.com/2004/12/19/business/medicine-fueled-by-marketing-intensified-trouble-for-pain-pills.html
http://www.wrfseattle.org/earlwdavie.php
https://mct.aacrjournals.org/content/10/11/2022.long
https://www.latimes.com/business/la-fi-medivation-20160706-snap-story.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3929457/
https://money.cnn.com/1999/12/17/deals/pharmacia_monsanto/
https://books.google.com/books/about/Why_Lawsuits_Are_Good_for_America.html?id=CBnBMiJq3SkC
https://link.springer.com/book/10.1007/978-1-4614-1400-1
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* Origins listed for each drug based on methods described in article and do not exclude the possibility of contributions from other scientists or organizations. 

 

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3143421/
https://www.nature.com/articles/ni0609-555
https://www.tandfonline.com/doi/abs/10.1517/17460441.2015.1045411
https://www.ott.nih.gov/sites/default/files/documents/policy/March-in-xalatan.pdf
http://www.nymedicin.com/wp-content/uploads/2008/03/Fragminbook1.pdf
http://www.nymedicin.com/wp-content/uploads/2008/03/Fragminbook1.pdf
https://www.eurekalert.org/pub_releases/2002-05/pn-ex051902.php
https://www.nytimes.com/2015/10/14/business/kenneth-koe-co-inventor-behind-zoloft-dies-at-90.html
http://dx.doi.org/doi:10.7282/T3474F6B
https://academic.oup.com/jac/article/51/suppl_2/ii45/2473482
https://www.wipo.int/ipadvantage/en/details.jsp?id=906
https://www.ncbi.nlm.nih.gov/pubmed/12408742
https://academic.oup.com/cid/article/50/Supplement_1/S24/365189
https://drugs.ncats.io/drug/621G617227
https://www.iup.edu/magazine/2017-summer/of-mice-and-men/
https://bpspubs.onlinelibrary.wiley.com/doi/full/10.1111/bcp.13293
https://www.wsj.com/articles/SB1041008991224373553
https://www.the-scientist.com/news-opinion/mismarketed-chemical-causes-concern-41008
https://www.forbes.com/2010/09/16/prozac-xanax-valium-business-healthcare-psychiatric-drugs.html#3eac873f2e05
https://naeja-rgm.com/Drug-Discovery/History
https://www.pfizer.com/news/press-release/press-release-detail/pfizer_enters_into_agreement_to_acquire_baxter_s_portfolio_of_marketed_vaccines
https://www.pharmaceutical-journal.com/news-and-analysis/features/atopic-dermatitis-dupilumab-and-crisaborole-could-herald-a-new-era-in-treatment/20202337.article?firstPass=false
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Table D- 5: Origins of drug products manufactured by J&J in 2017* [107]   

   

* Origins listed for each drug based on methods described in article and do not exclude the possibility of contributions from other scientists or organizations. 

  

https://www.statnews.com/2019/12/10/large-pharma-companies-provide-little-new-drug-development-innovation/#Reference2
https://www.nature.com/articles/ni0609-555
https://www.google.com/books/edition/Therapeutic_Antibody_Engineering/o-x0AgAAQBAJ?hl=en&gbpv=0
https://www.clinicaltrialsarena.com/projects/invega-trinza-paliperidone-palmitate-for-the-treatment-for-schizophrenia/
https://www.icr.ac.uk/news-features/latest-features/abiraterone-a-story-of-scientific-innovation-and-commercial-partnership
https://www.nature.com/articles/nrd3185
https://www.nature.com/articles/d41586-018-07363-4
https://www.fiercebiotech.com/biotech/simponi-tm-golimumab-receives-fda-approval-as-first-once-monthly-anti-tnf-for-treatment-of
https://cmidd.northwestern.edu/about/drug-discovery-and-development-process/
https://www.tandfonline.com/doi/abs/10.1080/14712598.2017.1322578?journalCode=iebt20
https://www.cancer.gov/research/progress/discovery/velcade
https://www.clinicaltrialsarena.com/projects/invokana-canagliflozin-for-the-treatment-of-type-2-diabetes/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5405152/
https://pubs.acs.org/doi/10.1021/acschemneuro.8b00159
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4373170/
https://www.clinicaltrialsarena.com/projects/edurant-rilpivirine-for-the-treatment-of-hiv-1-infection/
https://www.clinicaltrialsarena.com/projects/opsumit-macitentan-treatment-pulmonary-arterial-hypertension/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4031952/
https://www.reuters.com/article/us-actelion-selexipag/actelions-heart-lung-drug-meets-main-goal-in-late-stage-study-idUSKBN0ER0CI20140616
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Table D- 6:  Overview of EMA-approved ATMPs, acquisitions and licensing agreements in early research and later development  (IQWiG AMNOG appraisals: https://www.iqwig.de/ and 

Apoverlag: https://www.apoverlag.at/) 

https://www.iqwig.de/
https://www.apoverlag.at/
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https://www.prnewswire.com/news-releases/ptc-therapeutics-to-acquire-agilis-biotherapeutics-300684003.html
https://en.wikipedia.org/wiki/Celgene
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Appendix E 

Public Contributions to Public Contributions to Regulation and Marketing Authorization  

• E-1: European Medicines Agency (EMA) reflection papers and guidances on novel methodologies for medicine development 

• E-2: HTA-Joint Scientific Advice (JCS)/ Early Dialogue (ED) to Health Technology Developer (HTD) 
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Table E- 1: European Medicines Agency (EMA) reflection papers and guidances on novel methodologies for medicine development (excerpt) [156] 
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Table E- 2: HTA-Joint Scientific Advice (JCS)/ Early Dialogue (ED) to Health Technology Developer (HTD) ([157] and personal communication with EUnetHTA) 

Joint Scientific Advice (JCS) = EMA + HTA, Early Dialogue (ED) = HTA only, HTD - Health Technology Developer, n.a. – not available 
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