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LifeArc MRC 
Repurposing Toolkit 
Navigating the complex translational and 
regulatory landscape can be a challenge  
in drug repurposing projects. 

Together with the MRC, we created MRC 
LifeArc Repurposing Medicines Toolkit, 
where you can find information on: 
• Research steps for demonstrating safety 

and efficacy
• The regulatory environment
• Patient engagement
• Accessing the medicine and existing data
• Intellectual property (IP)
• Funding sources.

Find out more

£5 million MND 
repurposing programme
LifeArc is launching new £5m programme 
to help find new treatments for motor 
neuron disease (MND).

We are seeking applications from 
international research community for 
research projects up to £750,000 looking 
at repurposed drugs and drug combinations 
to tackle the neurodegenerative condition.

To find out more and apply for funding

LifeArc provides funding, research and expert 
knowledge in translation. By doing this we 
help progress science ideas from the lab life 
and into life-changing medical breakthroughs. 



Strategy for repurposing drugs in 
monogenetic disorders: Application to 

Zellweger Spectrum Disorder
A. Paquot, PharmD, PhD; L. Belloy, MSc; C. Moreau, MSc.; A. Grenon, MSc; N. Hammoudi, MSc; T. Beghyn, PharmD, PhD

Monogenetic diseases and particularly Inherited Metabolic Disorders (IMD) are giving to phenotypic drug discovery an high 
predictive validity (=translatability to the clinic). They often involve a single gene encoding a transporter, enzyme, or protein 
essential to one cellular function. Sometimes leading to the accumulation or the deficit of a cellular metabolite, IMD can be 
studied through the analysis of those metabolites directly on cell cultures. As IMD are often cell autonomous, ex vivo cultures 
allow for the measurement of the effect of all drugs worldwide on the causal defect of symptoms. APTEEUS has been pursuing 
this original strategy for 10 years to identify new opportunities of drug repurposing by running individualized drug screening. The 
key points have always been the chains of translatability, that is to say the predictive validity of the newly discovered activities of 
a drug combined with its known properties for its new clinical use. We propose to illustrate APTEEUS approach with one of the 
about 30 different projects : The Zellweger spectrum disorders (ZSD) program.
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FROM THE CELLULAR PHENOTYPE TO THE CLINICAL MANIFESTATIONS

mutations in 
PEX genes

defect in 
peroxisomal 

enzyme import

defect in 
peroxisomal 

functions

A phenotypic assay recapitulating the function of peroxins and peroxisomal functions would be a good model for discovering 
molecules with adequate primary pharmacodynamic properties. 

Zellweger Spectrum Disorder:

Autosomal recessive mutation in one of the 14 PEX genes.
PEX genes code for peroxins which are involved in 
peroxisome biogenesis:

• Peroxins manage the peroxisome membrane 
assembly.

• Peroxins are required for the matrix protein import.
• Peroxins are involved in the peroxisome proliferation 

process.

Clinical program allowing us to perform skin biopsies 
and build primary skin fibroblasts collections for 
modelling the patient diseases.

Proprietary repurposable drug library containing +7600 drugs 
including +2600 drugs physically available in our collection, which 
we can use for drug repurposing. 

Our technological platform with expertise in:
- cellular modelling and microscopic characterization
- LC-MS based high throughput methods

Clinical Manifestations:

evidenceFactory®

neurological and 
liver symptoms

unfunctional 
peroxins

Genetic level Protein level Organelle level Cellular level Organ level

• TEE2555 increases the quantity of peroxisomes in patient primary 
cells.

• TEE2555 restores the import of peroxisomal enzymes into the 
peroxisome of deficient patient primary cells.

• TEE2555 restores peroxisomal ɴ-oxidation of VLCFA in patient 
primary cells.

• TEE2555 restores peroxisome plasmalogens synthesis in patient 
primary cells.

TEE2555 AS CLINICAL CANDIATE FOR TREATING ZSD

Thanks to:

Program supported by:
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Project Design
o IRB-exempt study
o Interviewees are not given any financial incentives for 

participation, all participation is voluntary
o Conduct 5-6 rounds of interviews that build on each other
o Perform qualitative analysis 

Protocol Outline:
1) Identify and outreach to interviewees
2) Conduct recorded interviews
3) Deidentify recordings
4) Transcribe/edit interview transcripts
5) Analyze interview data

PROTOCOL

Identifying cohesion of barriers and viewpoints across 
different stakeholders in drug repurposing 
Keyla Tumas1, Shira Strongin1, Anton Simeonov1, Ewy Mathé1 

1National Center for Advancing Translational Sciences, National Institutes of Health, Rockville, MD 20850

REPURPOSED DRUGS AND PATHWAYS

BACKGROUND METHODS
INTERVIEWSDrug Repurposing

o Drug repurposing can decrease the time frame and costs 
compared to the typical timeline for new drug development
� Novel drug: 10+ years, $1.24 billion cost
� Repurposed drug: 3+ years, $300 million cost

Biotech / Pharma Venture Capital/ 
Private Equity

Non-profit/ 
Disease Advocacy

Government 
Agencies

Hospitals/ Medical 
Institutions 

Academic 
institutions

Breakdown of Interviewees

Four Interview Themes

o Complete all rounds of interviews
o Continue analyses of interview data
o Aim to draft manuscript with findings

¾ Potential to add improvements to the work done by 
CURE ID and CDRC

Figure 2 Study outline showing interview rounds and 
analysis framework.

ANALYSIS

PRELIMINARY RESULTS

o Interviewees identified similar challenges (even if they 
were from different institutions)
� Examples: funding, accessibility to patients

o A few interviewees recognized the importance of 
involving multiple stakeholders early on rather than 
later stages 

o Interviewees defined ultimate success of a 
repurposed drug differently though most agree that 
basic success is once it helps a patient

� Types of institutions

� Types of positions 

� Experts that work in different stages of drug 
repurposing

� Diverse demographic representation
�Multiple disease specialties
� Varying stages of career 

CliniciansResearchers

AdvocatesRegulators

� Background 
� Personal experience 
� Challenges
� Potential solutions

Study Outline

� Grounded Research Model: Perform analysis on 
each round of interviews and continually build on 
analyses after each round

� Thematic Coding Analysis: Analyze data using 
specific themes, words/codes, etc.

oUtilize NVivo Software (Lumivero)

� Four interview themes 
� Compare across stakeholder type
� Compare across job position type
� Compare across disease type
� Compare across stage of drug repurposing
� Compare answers for each question

tr

PROJECT AIM: Develop and conduct a qualitative 
study to capture diverse stakeholder viewpoints 
on the challenges in the translation of preclinical 
to clinical research in drug repurposing with the 

potential to identify paths to improve the 
repurposing process. 

� Emphasize experts’ knowledge/experience in the 
preclinical to clinical translation of drug repurposing

STUDY DESIGN
� 5-6 rounds of interviews with up to 6 interviewees 

per round
� Questions designed to be generalized and 

applicable to every interviewee despite variety of 
backgrounds

� Goal is to get participants’ perspectives as well as 
understand the challenges different types of 
stakeholders may face 

� Identify cohesion of viewpoints focusing on barriers 
as well as suggestions for improvements

Analysis Coding and ComparisonsAnalysis Coding and Comparisons

Comparisons across stakeholder types
NEXT STEPS

o Drug repurposing is not a new practice but has gained 
awareness since the onset of the COVID-19 pandemic

o Drug repurposing addresses unmet needs in diseases with 
little to no incentive for novel drug development 

o Technological advancements, such as AI are providing 
faster and accessible avenues to identify signals, sort 
large data sets, etc. Understanding these capabilities as 
well as the risks could push drug repurposing forward 

o Many stakeholders are involved at different stages in the 
translational pathway of drug repurposing, and it is 
important to understand opportunities for collaboration to 
increase efficiency 

Figure 1. Stages of traditional drug development vs drug repurposing
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/HDUQ�PRUH�DW�ZZZ�ULVLQJWLGH�IRXQGDWLRQ�RUJ�
6FDQ�WKH�45�FRGH�WR�GRZQORDG�WKH�IXOO�ZKLWHSDSHU

([HFXWLYH�VXPPDU\

.DUROLQD�:HU\QVND���3DROD�$W]HL���3DQ�3DQW]LDUND���3DWULFLD�9DQGDPPH���*DXWKLHU�%RXFKH���/\GLH�0HKHXV���DQG�$OH[DQGUH�$OHQFDU��

����$QWLFDQFHU�)XQG��%UXVVHOVHVWHHQZHJ����������0HLVH��%HOJLXP�
���5LVLQJ�7LGH�)RXQGDWLRQ�IRU�&OLQLFDO�&DQFHU�5HVHDUFK��+HUUHQDFNHU����������6FKDIIKDXVHQ��6ZLW]HUODQG�

$� ZKLWHSDSHU� �45� FRGH� EHORZ�� ZDV� GHYHORSHG� IURP� WKH� SHUVSHFWLYH� RI� UHVHDUFK� IXQGHUV��
LQYHVWLJDWLQJ�FKDOOHQJHV�LQ�UHSXUSRVLQJ�RQ�SDWHQW�PHGLFLQHV��SDUWLFXODUO\�LQ�RQFRORJ\��,W�KLJKOLJKWV�
FRPPHUFLDO�� UHJXODWRU\�� DQG� VRFLDO� IDFWRUV� UHOHYDQW� WR� IXQGHUV� DQG� HPSKDVL]HV� WKH� WHQVLRQ�
EHWZHHQ�PDUNHW� H[FOXVLYLW\� DQG� HPHUJLQJ� FRPSHWLWRUV�� 7KH� UROH� RI� FOLQLFDO� WULDOV� DQG�PDUNHWLQJ�
DXWKRUL]DWLRQ� KROGHUV� LQ� ODEHO� H[WHQVLRQ� SDWKZD\V� LV� XQGHUVFRUHG�� FRQWUDVWLQJ� LW� ZLWK� WKH�
VXERSWLPDO� XVH� RI� GUXJV� 
RII�ODEHO�Ů� $V� D� UHVXOW� RI� WKLV� ODQGVFDSH� DQDO\VLV�� GHFLVLRQ� WUHHV� ZHUH�
GHYHORSHG� WR�KHOS� DGYLVH�RQ� WKH�NH\� IDFWRUV� IRU�SKLODQWKURSLF� IXQGHUV�ZKHQ� VHOHFWLQJ�RQ�SDWHQW�
GUXJ�UHSXUSRVLQJ�SURMHFWV�

'UXJ� UHSXUSRVLQJ� LV� D� FRPSOH[� DUHD� IRU� SKLODQWKURSLF� IXQGHUV�� +HUH�� ZH� KLJKOLJKW� WKH� QHHG� IRU�
FDUHIXO�QDYLJDWLRQ�RI�ODEHO�H[WHQVLRQ�RSSRUWXQLWLHV�DQG�DQ�XQPHW�QHHG�IRU�SKLODQWKURSLF�IXQGLQJ�LQ�
WKH�VSDFH�RI�RQ�SDWHQW�GUXJ�UHSXUSRVLQJ��'HFLVLRQ�WUHHV�ZHUH�GHYHORSHG�WR�JXLGH�IXQGHUV�RQ�WKH�
NH\� IDFWRUV� WR� FRQVLGHU� ZKHQ� VHOHFWLQJ� RQ�SDWHQW� GUXJ� UHSXUSRVLQJ� SURMHFWV�� :H� ZLOO� WHVW� WKH�
HIIHFWLYHQHVV�RI�WKHVH�WRROV�E\�DSSO\LQJ�WKHP�WR�UHDO�ZRUOG�JUDQW�DSSOLFDWLRQV�DQG�DVVHVVLQJ�WKHLU�
LPSDFW�RQ�WKH�VHOHFWLRQ�SURFHVV�

&RQFOXVLRQV

3DWKZD\V�IRU�WKH�GHYHORSPHQW�RI�UHSXUSRVHG�GUXJV

:K\�RQ�SDWHQW�GUXJ�UHSXUSRVLQJ"

'HFLVLRQ�WUHHV�IRU�RQ�SDWHQW�GUXJ�UHSXUSRVLQJ�DSSOLFDWLRQVŮ�VHOHFWLRQ

7KLV ODQGVFDSH DQDO\VLV KDV KLJKOLJKWHG WKH ODFN RI IXQGLQJ LQ WKH RQ�SDWHQW GUXJ UHSXUSRVLQJ ILHOG�
7KHUHIRUH� SKLODQWKURSLF IXQGV DUH QHHGHG WR KHOS FORVH WKH JDS LQ WKLV VSDFH� 57)&&5 KDV GHFLGHG WR
FRQVLGHU DSSOLFDWLRQV LQ WKLV DUHD IRU SDWLHQW SRSXODWLRQV ZLWK KLJK XQPHW QHHG� 3URSRVDOV ZLOO EH
DVVHVVHG FDVH�E\�FDVH� WDNLQJ LQWR FRQVLGHUDWLRQ WKH OLNHOLKRRG RI WKH WULDO WR HVWDEOLVK QHZ VWDQGDUGV
RI FDUH��

5$7,21$/(
• )LQGLQJ� QHZ� WKHUDSHXWLF� XVHV� IRU� H[LVWLQJ�
PHGLFLQHV� �LQFOXGLQJ� UDUH� FDQFHUV� ZKHUH�
WKHUH� LV� QR� FRPPHUFLDO� VXSSRUW� IURP� WKH�
PDUNHWLQJ�DXWKRUL]DWLRQ�KROGHU�

• /HYHUDJH� NQRZOHGJH� SUHYLRXVO\� JHQHUDWHG�
RQ� VDIHW\� DQG� HIIHFWLYHQHVV� RI� D� NQRZQ�
GUXJ�OHDGLQJ�WR�ODEHO�H[WHQVLRQV�

327(17,$/
• /HVV�FRVWO\�DQG�TXLFNHU�GUXJ�GHYHORSPHQW�SURFHVV
• %ULQJ� �PXFK� QHHGHG�� QHZ� WKHUDSHXWLF� RSWLRQV� WR�
SDWLHQWV��IDVWHU

• ,GHDO�FROODERUDWLYH�PRGHO�IRU�DFDGHPLFV��FOLQLFLDQV�
DQG�SDWLHQWV�IRU��PRUH�HIILFLHQW�UHVHDUFK�ZLWK�KLJK�
VRFLDO�LPSDFW
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How Can Health Technology Assessment Help in Addressing Challenges 
in Drug Repurposing? A Conceptual Framework
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2. Objective

To develop a comprehensive framework of  key challenges in drug 
repurposing and explore how and when HTA can help in addressing them. 
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3. Methods

 1,478 articles were reviewed for identifying challenges in drug repurposing

 Thematic analysis used for developing the framework by creating
categories and sub-categories among the challenges

 A focus group and semi-structure interviews with experts from the
REPO4EU consortium; an EU platform for supporting drug repurposing
research, were conducted for assessing the completeness of the
framework

 Challenges were matched with HTA methods that can help in addressing
them, using two reviews3,4 that categorized HTA methods according to
their objectives.

5. Conclusion
 Our framework of challenges in drug repurposing highlights the need of collective solutions, including HTA methods, to help address these interconnected 

challenges

 Incorporating HTA methods on iterative and flexible basis in drug repurposing research can provide evidence for decision-making, assess the value 
proposition of the repurposed drug and inform further research.

 The REPO4U platform will include an HTA toolbox that includes economic evaluation templates, guidance on patient-reported outcome measurement, 
prioritizing drug repurposing candidates, pricing arrangements and regulatory recommendations that can support bringing the value in drug repurposing 
research.

4. Results

1. Introduction

Drug repurposing is finding new indications for already existing drugs that can
address unmet medical needs. However, it faces many challenges hindering its
full potential1,2, and the role of health technology assessment (HTA) in
supporting drug repurposing remains unexplored.

Figure (1): Framework of challenges in drug repurposing and HTA methods that can help in addressing them



CATCH 22: Without any patent protection for the drug 
repurposing program, Company A will have little to no 
incentive to invest in market authorization (registration) 
for the new indication due to the lack of market protection 
against generics Company B, which (patent) protection is a 
prerequisite to warrant the investment in necessary clinical

UNLOCKING AND OPTIMAL UTILIZATION OF DRUG 
REPURPOSING PATENTING POTENTIAL:

BUILDING A WALL OF PROTECTION AND IMPROVING THE ODDS 
OF SUCCESSFULLY PROVIDING PATIENTS WITH NEW THERAPIES

Barend Bouma, PhD || European Patent Attorney Pharma || NLO || bouma@nlo.eu  ||  +31 613269542

IMPROVED SITUATION: With patent protection on the 
NEW INDICATION for Company A for the drug repurposing 
program, a reasonable pricing and reimbursement still 
needs to be negotiated but Company B cannot do the 
VDPH�DQG�FDQQRW�SURGXFH�DQG�RႇHU�WKH�QHZ�WKHUDS\�IRU�WKH�
unmet medical need (new indication) at lower price. Only the 
patent-protected therapy of Company A can be prescribed

CASE: Generic drug suitable for developing a new therapy for an unmet medical need (drug repurposing program) [I]

[II]

[I]

clinical trials for the new indication. Company A does  not 
develop and invest at all in the registration of the use for 
the new indication since soon Company B can have a 
cheaper case without the expenditure on clinical trials, 
resulting in the possibility to sell at lower price. Uncon-
WUROOHG��Rႇ�ODEHO�XVH�ZLWKRXW�SURSHU�VXUYHLOODQFH�PLJKW�RFFXU�

and reimbursed. The NEW INDICATION for the KNOWN 
DRUG can be patented. In addition, also for example, a new 
formulation; dosing; route of administration; combination 
therapy, etc., can be patented by Company A for this 
purpose. Such ‘second medical use’ patent protection is 
possible in a.o. Europe, USA, Japan, Australia, China, etc.  See 
[II]. A new package with a new label (new indication) is helpful. 
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Here the landscape of rare bacterial infections (RBIs) is reviewed. 22
established RBIs were identified and information regarding their
transmission, incidence, and therapy were recorded to identify areas of
greatest need and use of repurposed drugs. Very few RBIs had approved
therapy (7). Zoonosis was the most common mode of transmission (10),
with a worldwide pattern of incidence (8). The observed transmission and
incidence patterns are likely influenced by low endemicity, outbreaks in
different regions, and socioeconomic, demographic, and/or climate change.
The intention of this group is to expand this research to all rare infectious
diseases and propose a systematic approach to aggregating real-world
data of drug repurposing to better inform therapy.

Summary

It was expected that a majority of RIDs would occur through zoonoses
while environmental and commensal organisms cause opportunistic
infections in the immunocompromised. The majority of zoonoses had
worldwide distributions. This does not imply higher incidence, but rather
may indicate a lack of sustained endemicity with outbreaks in varied
geographic areas when animal to human spillover occurs. Transmission
patterns may also relate to socioeconomic conditions, climate change,
war/civil unrest, and population growth. The lack of FDA-approved
therapies for RIDs stems from the paucity of cases and little financial
interest; real-world data may help improve treatment efficacy. This project
aims to explore these possibilities and expand to all RIDs.

Conclusion

A list of bacterial infections was curated by combining reportable infections
from health agencies4-7 with the CURE ID8 database of diseases. This list
was independently reviewed by two experts in infectious diseases to
identify potential RBIs. A literature review identified which of these bacteria
met the inclusion criteria: a global incidence of less than or equal to 10,000
cases per year (Figure 1). Data on each RBI that met the inclusion criteria
was collected (Table 1) and analyzed.

Materials and Methods

From the comprehensive list of 163 bacterial infections, 22 met the inclusion criteria. Figure 2 displays the distribution of World Health Organization (WHO)
Regions where each RBI has the highest incidence. The most frequent mode of transmission amongst analyzed RBIs was zoonotic (Figure 3). 13 RBIs did
not have FDA-approved therapies, but only 2 lacked a standard of care therapy (Table 2). Figure 4 depicts the transmission mode of RBIs according to the
WHO region where they are most frequent.

Results

Rare infectious diseases (RIDs) are a significant source of morbidity and
mortality1. Most lack approved treatments as it is difficult to perform
comprehensive trials on therapeutic efficacy due to their sporadic nature
and distribution in resource limited settings2. Lack of monetary incentives
has also discouraged drug development3. RIDs therefore represent an area
of high unmet medical need. Here the landscape of rare bacterial infections
(RBIs) is reviewed, as a pilot, to explore areas of current and potential drug
repurposing. The aim of this group is to propose a systematic approach to
aggregating real-world data of drug repurposing o better inform therapy.

Background
Figure 1. Data Flow Diagram

Figure 2: Percentage and number of diseases listed in table 1 by highest 
Incidence occurring per WHO Region
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Figure 3: Breakdown of diseases in table 1 by mode of transmission

Figure 4: Plot of transmission mode by WHO region

Standard of Care
FDA Approved Therapy

NoYes

07Yes

213No

Table 2: Standard of care availability plotted against FDA approved therapy availability

Table 1: List of Included Rare Bacterial Infections

FDA-
approved 
therapy?

Standard of 
care data 
available

Transmission
WHO Region w 

Highest 
Incidence

Disease

NoneYesNormal microbiota, 
EnvironmentalSouth-East AsiaActinomycosis, Respiratory tract 

NoneYesEnvironmentalUnknownAerococcus Infective Endocarditis
NoneYesNormal microbiotaWestern PacificHACEK Infective Endocarditis 
YesYesZoonoticAmericasBartonellosis

NoneYesZoonoticWorldwideGlanders
NoneYesZoonoticUnknownCapnocytophaga infection

NoneNoNormal Microbiota, 
EnvironmentalUnknownClostridium butyricum infection

NoneYesEnvironmentalWorldwideElizabethkingia infections

YesYesZoonotic, 
EnvironmentalWorldwideErysipeloid

NoneNoNormal MicrobiotaUnknownEubacterium infections
YesYesZoonoticWorldwideEpidemic Typhus
YesYesZoonoticWorldwideMurine Typhus

NoneYesEnvironmentalAfricaBuruli Ulcer

NoneYesZoonotic, Normal 
MicrobiotaWorldwideRhodococcus equi infection

YesYesZoonoticEuropeMediterranean spotted fever (MSF)
NoneYesZoonoticWestern PacificJapanese spotted fever
YesYesZoonoticWestern PacificNorth Asian Tick-Borne Rickettsiosis

NoneYesNormal MicrobiotaUnknownRothia mucilaginosa infection

NoneYesEnvironmentalWorldwideVancomycin-resistant Staphylococcus 
aureus (VRSA) infection

NoneYesZoonoticWorldwideRat Bite Fever (RBF)

YesYesPrimary Human to 
Human TransmissionAmericasPinta

NoneYesPrimary Human to 
Human TransmissionAfricaBejel
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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. We retrieved purposively
sampled scientific literature from the 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. Additionally, we included
relevant policy documents and position papers.

Towards novel public–private partnerships in academia-driven drug 
repurposing for rare diseases and inborn errors of metabolism 

BACKGROUND

METHODS

CONCLUSION

REFERENCES

Academia-driven initiatives and PPPs are emerging in
medicine development, including drug repurposing3,
with a small number realizing patient access.4 Recent
examples5 that did not lead to sustainable and equal
access for all highlight the need for socially responsible
terms. A paradigm shift from traditional out-licensing
and PPPs operating solely in a single development
stage (e.g. the identification of novel applications for
existing compounds) to a more integrative, socially
responsible approach during development is needed.
To help realize this, we propose a framework for
academia-driven PPPs under socially responsible
terms, including agreement on data sharing, pricing,
and fast access. This framework aims to empower
sustainable, academia-driven development of
accessible (repurposed) drugs for rare diseases.

PPP FRAMEWORK

Data ownership and evidence generation 

Available to stakeholders, FAIR/GDPR compliant.

Socially responsible pricing

Disclosure of investment/pricing breakdown,  
cost-based pricing (+reasonable profit margin) 
with adaptations after sufficient ROIs. Public 

revenues benefit revolving fund for new projects.2

Cost-priced clinical trials at academic centers, 
minimal marketing activities, risk sharing.

Fast access

Parties commit to patient access, no pausing if 
benefit evidentiary + positive business case. No 

third-party sale of inventions without stakeholder 
consent and even then, selling/out-licensing only 

on socially responsible terms.
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Traditionally, academic researchers have played in a
key role in drug repurposing, i.e the identification of
novel applications for existing medicinal products.1

This holds particular relevance for rare diseases such as
inborn errors of metabolism (IEMs). However, the
translation of academic innovations into successful
therapies that benefit patients often encounters
obstacles, either stalling in the translational stage or
facing challenges related to patient access influenced
by pricing or uncertain effectiveness. This review
explores both traditional and innovative collaborative
approaches in the development of medicines for rare
diseases that can be applied to drug repurposing, with
a specific focus on IEMs.
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TP53 mutations are linked with poor outcomes in pancreatic ductal
adenocarcinoma (PDAC).1 P53 wild type conformation can be restored
using TP53 reactivators. This restors P53 tumour suppressor functions
and induces oxidative stress, killing cancer cells. This approach has
showed promising results in other types of cancer, while its potential for
PDAC remains underexplored. This study evaluates the potential of
repurposing a TP53 reactivator in combination with ROS-mediated
therapies as a new therapeutic strategy for PDAC.

MATERIALS AND METHODS

Assess the effect of mono- and combination
therapy in pancreatic cancer cells viability by
MTT and Live/Dead assays

Study changes in ROS levels exert by the
proposed therapy using flow cytometry

Evaluate the cell death type induced after
therapy and signalling pathways regulated by the
P53 reactivator anticancer activity

Figure 1. Dose-response assays showed a concentration dependent effect induced by both the TP53 reactivator and
the photosensitizer (PS) in patient-derived PDAC models. Cells were treated for 72h with the TP53 reactivator and for 24h
with the PS. Illumination: 2.5 J/cm2.

Figure 2. The combination of a TP53 reactivator + a PS induced a synergistic
anti-tumour effect on PDAC cells. Green: live cells. Red: dead cells.

Viability after Combination Treatment

Concentration (µM)

2

Figure 3. The combination
treatment generated oxygen
reactive species (ROS).
Measured by flow cytometry
using the probe DCFDA.

Quantification of ROS generation 3

Figure 4. The dual therapy induced cell death in pancreatic cancer PDX models as well as oxidative and ER stress. A) Phase contrast image
of PDX354 cells taken 24h after dual therapy showing induction of apoptosis and paraptosis. B) Western blotting showed upregulation of LC3B and
Atg5 proteins. C) RNA-seq confirmed activation of oxidative and ER stress pathways and a cellular response to unfold proteins.

B)A) C) RNA-sequencing

Induction of cell death and altered signalling pathways

 The repurposing of a TP53 reactivator seems a promising strategy to treat PDAC. Its combination with ROS-mediated therapy
induced a synergistic anti-tumour effect on pancreatic cancer models.

 The dual therapy increased ROS levels subsequently inducing oxidative stress and cell death (paraptosis and apoptosis).
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CURE ID: Identifying infectious diseases for drug repurposing through a WHO 
collaboration
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Background
o CURE ID: a global, publicly available website/mobile app to 

collect real-world clinical use of drug repurposing; run by U.S. 
Food and Drug Administration (FDA) and the National Center for 
Advancing Translational Science (NCATS/NIH)

o CURE Drug Repurposing Collaboratory (CDRC) run by Critical-
Path, FDA, and NCATS aims to convene stakeholders to collect 
clinical data for CURE ID

o 2019: 5-year collaboration agreement between World Health 
Organization (WHO) and FDA to support the CURE ID program

Collaboration Goals
o WHO conducted landscape analysis to identify infectious 

diseases with high unmet need to prioritize for the CURE ID 
program
� Drug-resistant sexually transmitted infections
� Implantation mycoses
� WHO fungal priority pathogens/diseases

CURE ID & WHO Collaboration

o CRFs available on CURE ID to collect RWD on implantation 
mycoses, which can add to the results from the WHO Global 
survey and the current case reports in CURE ID on implantation 
mycoses

o Similar collaborative approach can be utilized for STIs
� Current development of a CRF for Neisseria gonorrhea 

treatment failures; pilot project with three National Agencies in 
USA, Canada, UK

o Selection of two WHO-listed fungal priority pathogens/diseases
for piloting in CURE ID is ongoing

o Overall, there is a need to capture large volumes of RWD for 
hypothesis generation and informing clinical trials about efficacy 
signals to support regulatory decisions, especially with neglected 
tropical infections
¾Collaborative efforts and systematic approaches such as the 

WHO Global Survey and the data collection of published cases 
and RWD in CURE ID can play an important role

WHO Global Survey on Implantation Mycoses
� Captured diagnostic methods, non-pharmacological interventions 

and pharmacological treatments used by respondents
� 142 respondents from 47 countries completed the survey
� 97 respondents treat sporotrichosis, 101 respondents treat 

chromoblastomycosis, 114 respondents treat eumycetoma, 102 
respondents treat actinomycetoma

� Confirmation that drug repurposing is occurring for fungal diseases
beyond itraconazole as first choice (85–90%) and terbinafine for 
refractory cases (44–56%); newer generation azoles used by 27-
41% of respondents for eumycetoma and chromoblastomycosis 

Results: Comparisons of WHO & CURE ID Data

Global Collaborative Project

Figure 4. Percentages of respondents that treat sporotrichosis, 
chromoblastomycosis and eumycetoma with each medicine

Figure 5. Percentages of case reports that treated sporotrichosis, 
chromoblastomycosis and eumycetoma with each medicine

Figure 3. Global distribution for published case reports from literature 
review for sporotrichosis, chromoblastomycosis and eumycetoma

Development of CRFs
� Collaboration with technical experts, clinicians, and CDRC working 

groups helped develop implantation mycosis-specific case report 
forms (CRFs) for CURE ID
�Experts determined relevant data to collect for each CRF
� Four CRFs are now available in CURE ID for clinicians to submit 

their cases of implantation mycoses
¾Sporotrichosis
¾Chromoblastomycosis
¾Eumycetoma
¾Actinomycetoma

Collection of RWD
� WHO, FDA, and CDRC are jointly working to collect RWD of cases 

of implantation mycoses treated with repurposed drugs
� Continuous efforts to get more clinicians to submit their use of 

repurposed drugs on the implantation mycosis-specific CRFs

Implantation Mycoses CRFs

Continued Collaborative Efforts

Implantation Mycoses
o A group of pathogenic fungi that gain access through cutaneous 

or mucosal wounds or by contact
� Four infections prioritized: Sporotrichosis, 

chromoblastomycosis, eumycetoma and actinomycetoma
o Collaborative efforts by WHO, FDA, and CDRC on project to 

capture real-world data (RWD) on use of repurposed drugs
� WHO conducts a global online survey (WHO Dataform tool)
¾Results published as a WHO report and a PLOS NTD article in 

2023 
� CDRC/CURE ID teams collect case reports for CURE ID 
¾Conducted a systematic literature review of global case 

reports in PubMed 
¾Performed outreach to gather clinician-submitted case reports

CURE ID Cases Reports for Implantation Mycoses
� 546 published case reports were entered into CURE ID
� 259 published cases on sporotrichosis, 198 published cases on 

chromoblastomycosis, 58 published cases on eumycetoma, 61 
published cases on actinomycetoma

� 140 cases were submitted by clinicians into CURE ID
� 114 cases on sporotrichosis, 19 cases on chromoblastomycosis, 

1 case on eumycetoma, 6 cases on actinomycetoma
� Itraconazole was the most frequently used drug for sporotrichosis, 

chromoblastomycosis and eumycetoma; newer generation azoles 
reported for eumycetoma and chromoblastomycosis

26%

22%
20%

25%

3% 1% 2%

Geographical Distribution of Respondents from 
WHO Global Survey

Africa (North and
Sub-Saharan)
Asia

Europe

Latin America

Middle East

North America

Figure 2. Geographical distribution of the respondents that completed 
the WHO global survey

Figure 1. Timeline of implantation mycoses collaborative project
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Share your experiences treating implantation mycoses!
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Conclusions and future outlook

Morphological profiling unveils antiviral compounds 

Ten antivirals vs hundreds of viruses

Antiviral demand

Exploiting the virus dependency on host cell pathways

o Cell Painting enables unbiased morphological profiling for finding repurposing antiviral 
candidates

! Applicable for emerging viruses to combat future pandemics

o Several antiviral compounds have phospholipidosis activity
!  Future research is required to understand the importance of 

phospholipidosis in viral drug discovery

!Next step: Explore antiviral drug targets and drug combinations

This project has received funding from the European Union’s Horizon 
Europe research and innovation programme under grant agreement 
No 101057442

Drug-induced phospholipidosis

! SPECS library screenings identifies 324 
compounds with antiviral activity

! Cell Painting creates a unique fingerprint with 
>2000 morphological parameters

! SARS-CoV-2 induces a unique phenotype, 
reversed by reference antivirals

! Cell Painting pinpoints 36 potential SARS-CoV-
2 repurposing candidates

Exploring the morphology of host cells for innovative 
drug repurposing in viral infections

Increased viral threat

C

A

! Cost-benefit

! Time-benefit

! Lower safety-risk

Fig. 1. (A) Overview of the screening methods using SPECS drug library of 5275 compounds. (B) 
Representative picture of fluorescent dyes with SARS-CoV-2 Spike antibody. (C) Cell painting workflow. (D) 
Cell Painting summary and representative images. UMAP plot representing populations of uninfected cells 
(green) and infected cells treated with DMSO (pink), remdesivir (orange) and screening hits (black).

Fig. 2 (A) Workflow of the phospholipidosis (PL) screen. (B) Uninfected A549-ACE2 cells treated at a single dose 
screened for PL. Displayed are SPECS compounds (gray), positive control (red), and DMSO (blue). 

o Predominantly induced by cationic-
amphiphilic drugs

o Characterized by accumulation of the 
drug in cellular compartments

o Disrupts the lipid homeostasis

Elevating possibilities for viral 
infections by drug repurposing

linkedin.com/in/elin-asp

Connect with me! 

! Confounds drugs for SARS-CoV-2
o Correlation with SARS-CoV-2 

inhibition in vitro

! Does not reflect specific target-based 
activities of the drug

! Cell-line specific activity
 
! 157 compounds in the SPECS library (3%) 

induce phospholipidosis

! 61 antiviral compounds (19%) induce 
phospholipidosis
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Broad spectrum opportunity

Reduced drug resistance

Increased risk of toxicity

Host-directed antivirals
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Highly adaptable and scalable AI-driven workflow! 
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PATIENT ENGAGEMENT PLAN

MULTI-STAKEHOLDER MEETINGS

PATIENT ENGAGEMENT IN REMEDI4ALL

Engaging the patient community to 
ensure successful drug repurposing

Judit Baijet1, Abby Stock-Duerdoth2, Claudia Fuchs1, Eve Hewitt2, Virginie Hivert1, William May2, Rick Thompson2

REMEDi4ALL is positioning the patient’s voice 
and experience at the heart of every repurposing 
project and empowering them as true co-
creators.
To deliver on this mission, REMEDi4ALL is 
embedding patient engagement in all its four 
demonstrator projects as a core and essential 
principle for a patient-centric approach to drug 
repurposing. 

Drug repurposing interest is steadily increasing in a 
variety of areas such as policy, regulation, funding 
and research.
Although a huge amount of progress has been 
made in pushing forward this innovative opportunity 
in the drug development field, we frequently lack 
meaningful, efficient and effective patient-centric 
perspectives to address unmet medical needs. 

1. EURORDIS- Rare Diseases Europe, Paris, France. 2. Beacon: for rare disease, Cambridge, UK.

PAGs are set up to provide the Patient Champion and Project Team with an 
additional source of patient insight at key points within the project.

Repurposing 
Development Team

Patient 
Champion

PAG 
Chair

Patient Advocacy Group 
(PAG) Members

Multistakeholder meetings are regularly organised to gather diverse stakeholders and 
tackle subjects relevant to the patient community.
Patient centricity runs as the core narrative in all the multistakeholder meeting sessions 
ensuring that each stakeholder is considering the patient perspective in their current and 
future work. 
Multi-stakeholder meetings aim at sharing information and advance learning, promoting 
dialogue and constructive interaction between all relevant stakeholders, and facilitating 
collaborations between all stakeholders.  

The REMEDi4ALL Patient Engagement Plan is a living 
document developed to help the project principal 
investigators and teams identify and implement 

patient engagement activities.

This tool allows to ensure meaningful and 
continuous engagement throughout the project.

PAGs are a group of patients, 
relatives, carers or individual 
experts, generally disease-specific, 
who advocate for their community in 
different ways; e.g., by providing 
training and education, participating in 
research projects, and by being 
involved in high-level discussions on 
treatment approvals with regulators and 
other stakeholders.

This plan includes:

Challenges related 
to patient 

engagement

Potential solutions 
to the identified 

challenges

Assessment of 
every step of the 

project

Fig 3. Participants of the 1st REMEDi4ALL Multi-stakeholder meeting: 
Drug repurposing, an attractive strategy in pancreatic cancer treatment?

STAY TUNNED FOR MORE!

A REMEDi4ALL patient champion has been defined as a non-profit stakeholder 
developing or gathering evidence and expertise in order to accelerate the 
repurposing of a medicinal product for their target condition. A champion may be 
a patient organisation representative, patient, carer, or advocate tied to collaborative 
groups such as umbrella charities or a European Reference Network (ERN).  
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Fig. 1 Patient champion characteristics

Fig. 2 Patient Advocacy Group governance and interactions

Their main purpose is to help all relevant 
parties access a more representative 
selection of patient experience as well as 
ensuring that the repurposed drug can 
address the true need of the patient’s 
community.
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REMEDi4ALL website: https://remedi4all.org/
If you want to know more, please email us at: training@remedi4all.org 
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In-depth exploration of assessment criteria for 
funding organizations involved in drug repurposing
Dalma Hosszú1, Máté Pálfi1, Zsuzsanna Petykó1, 2, Heleen van der Meer3, Pan 
Pantziarka4, Patricia Vandamme4, Dunja Huijbers3, András Inotai1,2, Marcell Csanádi1

1. Syreon Research Institute, Budapest, Hungary
2. Center for Health Technology Assessment, Semmelweis University, Budapest, Hungary
3. ZonMw, Den Haag, The Netherlands
4. The Anticancer Fund, Meise, Belgium

Eventually, the complete dataset included 330 criteria, which were processed and finally 35 criteria were defined.

BACKGROUND AND OBJECTIVES

COMPREHENSIVE LIST OF FUNDING ASSESSMENT CRITERIA

Conventional valuation strategies for new medical entities are often not
appropriate as they do not capture all aspects of short and long-term
value) to apply to drug repurposing (DR) [1], and there is a lack of broadly
accepted methods for measuring patient and societal benefits [2].

REMEDI4ALL aims to create a range of incentives and funding
opportunities to engage funders with DR projects. One activity to achieve
this objective is to create a standardized tool for the assessment of DR
projects.
Within this task, REMEDi4ALL partners join forces to develop a flexible
tool that can encompass a wide range of assessment criteria relevant
for DR. This tool is being designed to provide future REMEDi4ALL project
partners (e.g., funders, venture philanthropies, biotech companies,
pharmaceutical firms, HTA bodies and payers) the opportunity to make
explicit and transparent selections of potential projects based on their
perspectives and the specific attributes of individual DR projects. In
addition, the tool will be also publicly available.

1. Petykó, Z. I., Kaló, Z., Espin, J., Podrazilová, K., Tesař, T., Maniadakis, N., Fricke, F. U., & Inotai, A. (2021). Development of a core evaluation framework of value-added medicines: report 1 on methodology and findings. Cost
effectiveness and resource allocation: C/E, 19(1), 57.
2. Verbaanderd, C., Rooman, I., & Huys, I. (2021). Exploring new uses for existing drugs: innovative mechanisms to fund independent clinical research. Trials, 22(1), 322.
3. Krishnamurthy, N., Grimshaw, A. A., Axson, S. A., Choe, S. H., & Miller, J. E. (2022). Drug repurposing: a systematic review on root causes, barriers and facilitators. BMC health services research, 22(1), 970.

We performed a systematic overview of two major information sources: 1) 
documents used by research funders (e.g., funding call application 
evaluation forms); 2) published literature. 

Funders were identified from the Funders Network, established by ZonMw 
within REMEDi4ALL. Funders were specifically asked to share their 
potentially relevant publicly or internally available documents for the 
purpose of identifying assessment criteria. 

Scientific and grey literature were queried using PubMed and Google 
Scholar with additional publications made available from other 
REMEDi4ALL activities. 

To create the initial list of criteria, the raw texts were copied from the 
source documents. An iterative process with an inductive approach was 
applied to formulate concise criteria, which were reformulated throughout 
the process until a complete list of criteria covering all collected data was 
established. Finally, based on the available data, a definition was attached 
to each criterion, however, the definitions are not included to this poster.
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NEXT STEPS
In the process of creating a standardized tool for the assessment of DR 
projects, the following steps will be undertaken:

 Specifying metrics and methodologies to each criterion (Q2 2024)

 Validation of defined criteria with REMEDi4ALL partners and members 
of the REMEDi4ALL Funders Network (Q2-Q3 2024)

 Platform development for the tool (Q4 2024)

 Testing of the platform with Funders Network members (Q1-Q2 2025)

CONCLUDING REMARKS
The lack of broadly accepted methods and approaches for assigning 
quantifiable values to patient and societal benefit can be a major barrier to 
establishing a partnership or collaboration to enhance drug repurposing 
projects [3]. 

Therefore, the tool developed in REMEDi4ALL could not only help to 
evaluate and justify R&D funding decisions at an earlier stage but could 
also contribute to bridging discrepancies in value assessment across 
different stakeholders. 
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ProfhEX
AI-driven platform enabling drug repurposing 

by in-silico polypharmacology estimations

Repurposing is a viable strategy for uncovering novel indications for already approved drugs, as they 
have the potential to synergistically interact with multiple targets. However, assessing a drug's pleiotropic 

effect is strongly limited by the scarcity of experimental evidence on drug-target interactions. 
In-silico simulations play an important role in supplementing missing experimental annotations: ProfhEX 

is a suite of AI-driven models capable of estimating potential interactions between drugs and 
therapeutically relevant targets, thereby proposing new drug repurposing strategies.

A first version of ProfhEX focusing on safety profiling has already been published [1], featuring >250K 
activity data over 46 targets. Models have been generated within the SASviya environment, leveraging 
state-of-the-art machine learning algorithms, chemistry-aware molecular descriptors “DompeKeys”, 
consensus modelling, applicability domain, uncertainty evaluation and enhanced interpretability. 

ProfhEX is freely available as webservice enabling 
high-throughput screening of molecules in a secure, code-free 
and intuitive cloud environment (https://profhex.exscalate.eu/)

ProfhEX provides estimations for 
drug-target interactions involving >600 

therapeutically relevant targets, 
offering researchers a freely accessible 

tool for evaluating new drug 
repurposing hypotheses. Additionally, 
the platform can estimate >30 ADME 

endpoints and identify the most 
probable metabolic pathways, enabling 

comprehensive polypharmacological 
molecule profiling. Therefore, ProfhEX is 
well-suited to empower R4ALL activities 

through  in-silico driven discovery of 
new mechanisms of action.
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Applicability domain: >85 % of the drug-like chemical space is 
well-represented by ProfhEX models

Available models: each ProfhEX model is linked to a specific system organ 
class (SOC) toxicity, exploiting >1M drug-target side-effects annotations

Performance: by coupling a 
comprehensive validation 

protocol and the
FDA-certified SAS platform, 
ProfhEX models ensure the 

highest level of validation and 
transparency

Encoding: DompeKeys [2] is a novel hierarchical-based descriptor for efficient 
chemical space mapping, structural moieties interpretation and machine learning

Interpretability: a compound’s liability profile is associated to its 
polypharmacology, providing insights for MoA interpretation
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[1] “ProfhEX: AI-based platform for small molecules liability profiling”, 10.1186/s13321-023-00728-6, Journal of Cheminformatics
[2] "“DompeKeys”: a novel substructure-based descriptor for an efficient chemical space mapping and structural moieties interpretation in Machine Learning models, accepted paper, Journal of Cheminformatics.
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