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ABSTRACT

Medicine development for rare diseases, including inborn errors of metabolism (IEMs)
is challenging. Many academic innovations fail to reach the patient, either by stranding
in the translational stage or due to suboptimal patient access related to pricing or
uncertain effectiveness. Expanding and solidifying the role of the academic in public-
private partnerships (PPPs) may present an innovative solution to help overcome these
complexities. This narrative review explores the literature on traditional and novel
collaborative approaches to medicine development for rare diseases and analyzes
examples of PPPs, with a specific focus on IEMs. Several academic institutions have
introduced guidelines for socially responsible licensing of innovations for private
development. The PPP model offers a more integrative approach toward academic
involvement of medicine development. By sharing risks and rewards, failures in the
translational stage can be mutually absorbed. If socially responsible terms are not
included, however, high pricing can impede patient access. Therefore, we propose a
framework for socially responsible PPPs aimed at medicine development for metabolic
disorders. This socially responsible PPP framework could stimulate successful and
accessible medicine development for IEMs as well as other rare diseases if the
establishment of such collaborations includes terms securing joint data ownership and
evidence generation, fast access, and socially responsible pricing.
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1. INTRODUCTION

Medicine development for rare diseases can be challenging, as illustrated by the fact
that, at present, appropriate medicinal treatments only exist for an estimated 5% of
rare disorders." To boost pharmacological development in this sphere, the European
Commission (EC) introduced the “Orphan Regulation” in 2000, offering incentives to
developing medicines targeting rare diseases (defined as a prevalence <1:2000 in the
EU), known as orphan medicinal products (OMPs).? Since its introduction, the number
of approved OMPs has been steadily rising.3-* Historically, medicine development for
rare diseases has relied on key contributions from academia. However, academic
innovations often fail to bridge the gap from research to successful therapy benefitting
patients, stranding in the so-called valley of death.® Even if novel OMPs are successfully
introduced, limited access due to high pricing, reimbursement issues or uncertain (long-
term) effectiveness can still reduce patient benefit.” 8 Redefining the role of academia
in the development process offers the potential to address pressing impediments to
successful and accessible medicine development for rare diseases.® °

In traditional medicine development, the role of academia has mainly been at its
start, propelling innovation—for instance by elucidating pathophysiological pathways
and identifying early-stage (repurposed) medicine candidates.!’'? The translational
stage of development that follows is commonly privatized, which sometimes includes
commissioning academics to perform late-stage trials.'® '®* More recently, academic
centers of expertise, alone or as networks, commenced initiatives such as the
INTEGRATE-ATMP or MLDi projects, to collect real-world evidence via registries
to investigate outcomes of novel therapies.*'® Data collected via such networks is
increasingly used in regulatory approval and reimbursement decisions, in particular for
the rarest diseases."”

Apart from this, a novel approach to medicine development is the formation of public—
private partnerships (PPPs), wherein private parties and academic partners, or European
Reference Networks, are forged to address a specific public health need.’® Currently,
these PPPs are scattered across different stages of the medicine development process,
including identifying novel drug targets, describing natural history cases, determining
meaningful clinical endpoints, collecting real world evidence, and conducting post-
authorization safety studies.'®?® By involving academics as dedicated participants
throughout all stages of medicine development, the risk of innovation stranding can
be reduced, while their ability to exert influence on actual access to their invention will
increase.?® 2" The incorporation of socially responsible terms in novel PPPs could help
ensure that academic endeavors ultimately benefit patients and society better.

This collaborative approach to (orphan) medicine development is especially relevant
to the field of inborn errors of the metabolism (IEMs), where treatment options are often
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limited.28 In 2020, only two-thirds of authorized OMPs for IEMs were actually accessible
for patients.?® Prioritizing integrative collaboration and socially responsible terms in PPPs
in this field can leverage strengths of both academic and private parties and improve
outcomes for medicine development.

In this review, we aim to describe the developments that led to the PPP model
and provide multiple PPP examples. Based on our findings we propose a framework
for integrative socially responsible PPPs, which include terms for data ownership and
evidence generation, fast access, and socially responsible pricing. The proposed
socially responsible PPP framework can stimulate delivering novel treatments to patients
by facilitating academic involvement in all stages of medicine development, reducing
costs, and expanding risk-sharing for public and private entities, as well as securing
patient access goals.

2. METHODS

We performed a narrative review on the traditional role of academia in PPPs for
medicine development for rare diseases including IEMs, with a specific focus on social
responsibility. To this end, we retrieved purposively sampled scientific literature from the

” o«

PubMed database using keywords “knowledge transfer offices,” “university—industry

collaborations,” “public—private partnerships” in combination with “social responsibility”
or “socially responsible” and “rare disease” or “orphan medicine.” Only English articles
were considered. Literature that did not pertain to the role of the public and/or academia
in medicine development was excluded. Additionally, we included policy documents
and position papers known to the authors that were deemed relevant to this article.

We illustrate challenges and lessons learned of PPPs for medicine development
through a number of selected cases (well-known PPPs in the global heath space and
PPPs relating to IEMs). The data on these cases were obtained by searching “the name
of the PPP” and “the name of the active substances” or “trade name of the medicinal
product” in combination with “collaboration” or “public-private partnership” in the
PubMed database. We excluded any literature that did not address PPPs. To gain a
broader understanding, we also collected English newspaper articles using a similar
search strategy in the NexisLexis database.

Last, we propose a framework consisting of crucial elements for socially responsible
PPPs with the aim of developing accessible medicinal treatments for metabolic patients.
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2.1 The traditional role of academics in medicine development
Historically, researchers—clinicians involvement in medicine development has been
fragmented. Academia has been at the root of many therapeutic developments fueled
by fundamental and translational research on pathology and the identification of
novel therapeutic targets.’® Additionally, academic researchers have been involved in
identifying novel applications for existing medicinal products (i.e., drug repurposing), an
approach which is deemed especially relevant for rare diseases like IEMs.2% % |n fact,
the majority of medicinal products repurposed for rare diseases in the EU were found
to originate in academia."

Following the identification of promising therapeutic compounds, academia
traditionally needed to involve pharmaceutical or biotech companies for the further
development and commercialization of its inventions to pharmaceutical or biotech
companies.”? This process is facilitated by the academic institute’s knowledge transfer
offices (KTOs). KTOs are responsible for identifying inventions that could benefit society
and patients. They take care of the patenting process and the subsequent out-licensing
or transfer of these patents to industrial parties, involving a monetary return in the
form of royalties, milestone payments, and/or shares in spin-off companies.®"-% In the
sporadic case that an academic invention leads to a successful product, these returns
can be substantial for universities and researchers.3

Besides, KTOs may support academic institutions in starting spin-off companies to
further their inventions with private investments.3® Starting a spin-off may seem logical,
but comes with the risk of losing control over pricing and access due to the company’s
high cost of capital and commercial interests of its shareholder.®® An example is the
development of alipogene tiparvovec (Glybera), a gene therapy targeted at lipoprotein
lipase deficiency (OMIM no. 238600).5” The initial treatment was invented by the
University of British Columbia and further developed by spin-off company Amsterdam
Molecular Therapeutics (AMT, now uniQure).2® When finally approved, the price setting
exceeded $1 million per treatment which—at the time—was the most expensive
medicine in the world.®® 3° Subsequent reimbursement issues resulted in limited usage,
which led to the decision to withdraw the authorization.®® 40-42 Despite their pivotal role
in commencing development of this treatment, the initially involved researchers were
unable to influence the pricing and subsequent patient access.*®

Apart from fostering novel therapeutic concepts and identifying early-stage medicine
candidates, researcher-clinicians are often engaged in later stages of commercial
medicine development. This can encompass involvement in industry-led pre- and post-
marketing studies, for instance by consultation regarding relevant endpoints in (pivotal)
trial design—although the value of such academic input has often been overlooked.

In these phases, disease registries that are usually used for natural history or post-
authorization safety studies may also play a role by benefitting regulatory evaluation
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and reimbursement decisions.*® Enzyme replacement therapy (ERT) for Fabry disease
(OMIM no. 301500), for example, was only reimbursed in Canada on the condition
of additional evidence generation in an independent registry.** OMPs for metabolic
indications potentially have an increased need for registry data. These products are
more often authorized under exceptional circumstances (meaning acceptance of
inevitably lower evidence for safety and efficacy), which can impact reimbursement
outcomes negatively.® Registry data can help establish real-world effectiveness and
support reimbursement decisions.*®4* The role of academia in metabolic medicine
development is thus already changing. This presents an opportunity to restructure
academic involvement and in doing so, academics can help address roadblocks to
successful and accessible medicine development that have persisted in the traditional
model.

2.2 Academic integration in collaborative medicine development

The broader societal shift toward “corporate social responsibility” (i.e., all business
practices aiming to benefit society) has also impacted the pharmaceutical industry.*¢: 4
Increasingly, a similar discourse has emerged in academia, with several national
organizations and academic institutions introducing initiatives for social terms in
the traditional model of out-licensing.®® In the United Kingdom, for instance, several
universities including University College London and University of Oxford have
incorporated “socially responsible licensing” terms, particularly aimed at affordable
access in developing countries.* In the Netherlands and Belgium, university associations
have established principles for socially responsible licensing to ensure scientific insights
remain of benefit to society.5® %" One of the Dutch principles addresses the access
aspect, stating that a license should ensure that pricing of the final product may not
endanger availability. A toolkit is available online that can be used to integrate these
principles in contracts.52 % These local policy documents outline a modernized version
of the classical academic out-licensing model.

A more drastic shift from out-licensing to the PPP model might offer more substantial
and impactful solutions to the complexities in medicine development for rare diseases.
PPPs are, in essence, structures for public—private collaboration to reach a mutual
goal, wherein efforts and rewards are shared.>* %% The major players within PPPs are
the pharmaceutical industry (small, medium, and large pharma), academic institutions,
governmental funding programs, and private investors. More recent stakeholders in
PPPs include patient organizations, regulatory agencies, health technology assessment
bodies, health insurance companies, IT-companies, and European Reference
Networks.%® Governance structures that balance perspectives of all stakeholders should
include scientific and auditing committees, financial administrators, and management
or coordinators.5” % Such structures can support the mitigation of conflicts of interest.®
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The PPP model has the potential to bridge the valley of death through shared
public—private financial commitments and cost- and risk-saving strategies.2®2” Direct
cost-saving can be achieved by executing academic endeavors for cost price and
limiting marketing activities. Lower costs also lead to the reduction of cost of capital
(i.e., the cost of funds required to finance a development project). As a result, the project
is less likely to strand in the valley of death (due to financial reasons). Expanding the
positive impact of PPPs can be achieved by including innovative ideas or approaches,
such as transparent processes, open communication with the public,’” and creating
a revolving fund with the rewards from collaborations to invest in future research and
development.®

In return for embracing risk-sharing and cost-saving strategies, PPPs aimed at
medicine development should ensure their benefit to patients as well as society by
including socially responsible terms. As Laplane and Mazzucato suggest in their
framework for such collaborations,®° it is imperative to ensure that innovation that has
been publicly co-funded must remain affordable and accessible to avoid taxpayers
paying for both the funding as well as high pricing.®' In the next section we explore
existing PPPs aimed at medicine development and/or patient access, both to illustrate
the potential of this approach and to demonstrate the shortcomings.

2.3 Lessons learned from PPPs: The need for socially responsible
terms
Currently, involvement of academia or European Reference Networks in PPPs
is fragmented and appears in different stages of medicine development. The
implementation of PPPs in the public health field coincided with the pursuit of social
responsibility, since early PPPs primarily aimed to improve access to medicines in
low and middle income countries.®? They emerged in the 1990s, when rising research
and development (R&D) costs led to pharmaceutical companies focusing on projects
with the most potential for profitable return on investments. PPPs were subsequently
proposed as a way to realize less profitable projects in low-income countries—which, by
definition, offer less potential for return on investment.®® % One well-known example is
the access-focused “Mectizan® Donation Program” in which pharmaceutical company
Merck works with partners in over 45 countries and facilitates access to ivermectine
(Mectizan) for the treatment of river blindness and lymphatic filariasis®® ¢ Although such
philanthropical collaborations differ significantly from product development PPPs for
IEMs, these PPPs have successfully achieved significant impact on public health.% ¢4
More recently, PPPs in the global health space have also incorporated development
goals, as demonstrated by the not-for-profit Pediatric Praziquantel Consortium.57-6°
This consortium developed a suitable pediatric formulation of arpraziquantel for the
treatment of schistosomiasis and now aims to obtain marketing authorization for
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this product and provide affordable access.”® " Global health PPPs thus illustrate the
adaptability of these collaborations, as well as their potential toward alleviating unmet
medical needs.

Our understanding of this potential has deepened following the response to the
unprecedented COVID-19 pandemic, which propelled a rapid increase in PPPs that
proclaimed philanthropic motives.”? However, these claims were not always fully
fulfilled. One example is the Oxford-AstraZeneca COVID-19 vaccine, which was
based on proprietary technology jointly owned by the University of Oxford and its
spin-off company Vaccitech and developed further following a partnership with the
pharmaceutical company AstraZeneca.” 7 Although this collaboration resulted in rapid
and successful vaccine development, concerns regarding AstraZeneca’s profit margin
have arisen as the fulfillment of pledges regarding global equitable vaccine distribution
lagged behind.” This illustrates the need to incorporate socially responsible terms,
including transparency on price build-up, when establishing such product development
PPPs to ensure that the ultimate goal of patient access is achieved.

Although the COVID-19 pandemic accelerated public—private collaborations for a
large population in an emergency setting, similar PPPs for IEMs remain rare, due to the
unique challenges for medicine development in this field—including (extremely) low
disease prevalence.’® In other words, there is a very small market potential makes the
field of IEMs uninteresting for companies to invest in. Despite these difficulties, there
are several striking examples of collaborations in different stages of development,’ 77
yet (to the best of our knowledge) lacking the necessary socially responsible elements
to guarantee patient access and public investments benefitting society.

One of these scant examples is the Urea Cycle Disorders Consortium (UCDC). The
UCDC is an academic research consortium that organized a large longitudinally studies
cohort: a resource for natural history and a potential cost-decreasing tool."® Regarding
this cohort, the UCDC formed multiple early-stage partnerships seeking to develop
treatments, which eventually led to the installment of an industry relations committee
to guard transparency and conflicts of interests.” Albeit no socially responsible pricing
terms are embedded, the UCDC positions itself to accord a paramount importance to
ensuring access and will not pursue profit.” 7

The UCDC did not only collaborate with commercial parties in the pre-competitive
space but also ventured beyond that. The UCDC, as well as the N-carbamylglutamate
consortium (NCGC), interacted with industry for trials with N-carbamylglutamate
(Carbaglu, Orphan Europe, later Recordati Rare Diseases) for multiple IEMS, including
N-acetylglutamate synthase deficiency (NAGSD, OMIM no. 237310), propionic academia
(PA, OMIM no. 606054), methylmalonic aciduria (MMA), ornithine transcarbamylase
deficiency (OTCD, OMIM no. 311250), and carbamylphosphate synthetase 1 deficiency
(CPS1D, OMIM no. 237300).'* 2% Carbaglu is dubbed one of the most pricey medicines
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in the world, demonstrating that academia should look beyond the publication horizon
and embrace objectives that benefit patients and society.

Apart from partnerships in pre-marketing stages, collaboration in the rare disease
arena occasionally happens in later stages too, such as for post-authorization safety
studies. This can be initiated in coordination with the regulators to comply to post-
authorization measures,?" 8" as was the case for betaine anhydrous (Cystadane, Orphan
Europe SARL, later Recordati Rare Diseases) for the treatment of homocystinuria (OMIM
no. 23600) and glycerol phenylbutyrate (Ravicti®, Imnmedica Pharma AB) for urea cycle
disorders.?? 8 |n these instances, the registry initiatives E-HOD and E-IMD formed a PPP
with the respective marketing authorization holder and utilized a multicenter registry that
helped to introduce the treatment on the market and minimized the impact on patients
by reusing existing data.?? However, engagement in such settings might have limited
potential for the implementation of socially responsible terms and necessitates a more
unified allegiance from the inception of drug development.

The DevelopAKUre Consortium highlights the possibility for innovation in this space.
This consortium is a patient organization-initiated collaboration of patient advocates,
industry partners, and academic researchers and clinicians, with the aim of developing
nitisinone for the treatment of alkaptonuria (AKU, OMIM no. 203500).% Nitisinone has
been available as a treatment for hereditary tyrosinaemia type 1 (OMIM no. 276700),
a disorder of the tyrosine metabolism similar to AKU, in the United States since 2002
and the EU since 2005.2 The consortium was essential to the subsequent EU market
authorization of this treatment for AKU in 2020 and features some important factors that
contributed to its success. These include early interaction with regulators (improving
regulatory alignment before trials were executed), the development of an information
network parallel to clinical development (expediting timelines and organizing data
collection) as well as valorization of the scientific contributions to this project to collect
funding.2

Although the consortium was successful in introducing the first registered medicine
for AKU in the EU, a 2021 study found that 20% of treatment centers clinicians reported
that nitisinone was not available for prescription to their patients.? This illustrates that
registration does not always equal patient access, which may be related to the product’s
pricing.” The DevelopAKUre consortium did not include socially responsible terms to
secure accessibility, despite extensive public funding (including a nearly €6 million
contribution of the European Commission),® jeopardizing patient access and potentially
leading to (excessive) private rewards following public investments. This underlines
the importance of incorporating socially responsible terms like transparent pricing
agreements to realize the ultimate goal of patient access.
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3. PROPOSING A FRAMEWORK FOR SOCIALLY
RESPONSIBLE PPPS AIMED AT TREATMENT
DEVELOPMENT FOR RARE DISEASES, INCLUDING INBORN
ERRORS OF THE METABOLISM

Increased and integrative academic involvement in PPPs throughout all medicine
development stages has the potential to improve treatment development for rare
diseases while simultaneously securing patient access goals. The aim of the expansion
of academic involvement is to reduce the gap from innovation to successful medicinal
product by lowering costs through risk-sharing and the integration of existing scientific
knowledge and resources along the development chain. The inclusion of socially
responsible terms in these PPPs is imperative to ensure that public contributions to
these collaborations ultimately benefit patients and society. To achieve these goals,
we propose a framework for establishing such PPPs by defining socially responsible
terms for shared data ownership and evidence generation, fast and controlled access,
and transparent socially responsible pricing (Table 1, Figure 1).

Public investments: with
integrative academic
involvement

Public return: revolving fund
for new projects

N\ ”~

Societal return: access to new
treatments

->

” S

Private return: acceptable

Private investments .
profit

FIGURE 1 lllustration of a framework for a socially responsible Public-Private Partnership (PPP).
The PPP consists of both public and private investments, including integrative academic involve-
ment. The PPP is built on the socially responsible terms for shared data ownership and evidence
generation, socially responsible pricing (via a transparent and cost-based method), and fast and
controlled access. This way, society and patients can access new treatments, private returns will
follow via an acceptable profit margin, and public rewards will benefit a revolving fund for new
projects.
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TABLE 1 Framework for PPPs under socially responsible terms.

Topic Socially responsible term

Data ownership and 1. Data and other knowledge will be available to stakeholders, while being
evidence generation compliant to the GDPR regulation and FAIR data principles.

Socially responsible
pricing

. Investment and pricing breakdown shall be disclosed.

. Pricing will be based on actual costs plus a reasonable profit margin.
. Adaptations will be made after sufficient return on investments.

. Public revenues will benefit a revolving fund for new projects.

. Clinical trials at academic centers will be executed for cost price.

. Marketing activities will be limited to a minimum.

. Risks will be shared.

© 00 NO O~ WNDN

Fast access . All parties are committed to bringing the product to patients.

10. Termination or pausing of development is prohibited when there is
sufficient evidence for patient benefit and a positive business case.

11. Inventions will not be sold to third parties without consent of all stake-
holders. If all stakeholders provide consent, selling or out-licensing will

only occur on these socially responsible terms.

3.1 Data ownership and evidence generation

In a PPP, clear agreements should be made to guarantee that (partly) publicly funded
academic research outcomes will benefit society, that is, in the form of scientific
publications, education, and affordable access to new medicines. To reach this goal,
(in)tangible assets such as data and knowledge should be available to stakeholders
and should be compliant to GDPR regulation and FAIR data principles. This way, joint
efforts can benefit scientific advancement as well as regulatory evidence generation,
for instance by collaborating through European Reference Networks and ensuring
that pivotal trials include scientifically and clinically relevant end-points. Ideally,
evidence generation is streamlined via international multipurpose disease registers
that can be used for research, marketing approval, reimbursement, and post-marketing
evaluation.* 25

3.2 Socially responsible pricing

The combination of uncertain effectiveness and prices frequently exceeding national
reimbursement thresholds, which can negatively impact access.” Since the goal of
(partially) publicly funded PPPs should be developing a product that is accessible to
patients, there is a clear need for socially responsible pricing. In our view, this means
pricing should be transparent and reflect actual costs while maintaining a suitable profit
margin for contributing private parties for the entrepreneurial risk taken. When academia
and industry partners commit to a project, this should therefore include disclosure
of all investments—both public and private—to ensure accountability of pricing via
a clear cost breakdown. After sufficient return on investments, adaptations can be
made to lower the price. A relevant profit margin to stimulate industry participation
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should be implemented when reasonable in relation to the entrepreneurial risk taken.
The collaboration participants can negotiate a reasonable surplus and accommodate
a revolving fund for new projects.

In striving for affordability and access, effort should be made to drastically reduce
development costs—which lowers pricing when using a cost-based pricing calculation.
Academic partners can contribute to achieving this goal by executing trials at academic
centers based on actual costs and industry partners can assist by diminishing marketing
activities. Reduced costs also result in a decrease of cost of capital (thus lowering the
need for investment capital demanding higher returns). Besides reducing costs, de-
risking makes a project more appealing for commercial parties.® Sharing risks and
responsibility further decreases the investment risks and lowers the chance of the
project stranding in the valley of death. In conclusion, sharing costs, risks, and rewards
can help propel development through the translation phase.

3.3 Fast access

Medicine development can take notoriously long, with clinical development time spans
of ~10years.8* This is especially difficult if no other therapeutic options are available
yet—as is the case for many IEMs. To ensure fast development and eventual access to
meet these medical needs, all parties should commit to bringing the product to patients
as soon as possible. Additionally, termination or pausing the project should not be
allowed as long as there is sufficient evidence for clinical benefit as well as a financially
manageable project. To protect the social arrangement, transfer or out-licensing of
the asset should only be accepted when all parties agree—under the preservation of
identical socially responsible terms into the new collaborations.

4. CONCLUSION

Medicine development for rare diseases has been impeded by long-standing
complexities, including the lack of commercial interest to develop medicines for rare
diseases, the failure of promising projects in the so-called valley of death and access
and reimbursement issues. The effects of these issues are apparent in the field of
IEMs, where many unmet medical needs persist due to the lack of treatment options
or access.?

Over the past decades, a shift in the traditional model of medicine development
has become discernible. Academia-driven initiatives and PPPs are emerging in various
medicine development stages with a relatively small number actually realizing the
authorization of medicinal products for IEMs.2® 3958 85 Recent examples that did not
lead to sustainable and equal access for all, such as the Glybera case, highlight the
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need to include socially responsible terms for patient access in collaborations. 23 2939, 41 42
A paradigm shift from traditional out-licensing and PPPs solely operating in a single
medicine development stage (such as for post-authorization safety studies) to the
integrative socially responsible PPP framework that includes terms on data sharing,
pricing, and fast access, might be essential to expedite successful and accessible
medicine development, especially for rare diseases such as IEMs.

To help realize this, we proposed a framework for PPPs under socially responsible
terms, primarily aimed at academics. This can serve as a reference in the establishment
of such collaborations to ensure their foundation aligns with public interest. The
framework is based on the crucial elements of (1) data-sharing and evidence generation,
(2) socially responsible pricing, and (3) fast access. Practical PPP experience and/or
future research can further refine this proposal.

Although this framework is applicable to medicine development for rare diseases
in general, the metabolic field may be particularly amenable to this novel approach, as
there is ample knowledge in concentrated centers of expertise, frequently equipped
with resources such as databases, registries, and biobanks. By valorizing and
employing this pre-existing knowledge base as well as strong clinical networks such
as the MetabERN network, academic contributions to the development process can
be efficiently expanded with the ultimate goal of alleviating persisting unmet medical
needs in patients afflicted by IEMs.
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