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Abstract 

Background  The European Joint Programme on Rare Diseases aims to enhance the rare diseases research ecosystem 
by bringing together stakeholders such as research funders, institutions and patient organizations. Work Package 20 
focuses on the validation, use and development of innovative methodologies for rare disease clinical trials. This paper 
reports on the outcomes of a retreat held in April 2023, where areas for innovation and educational needs in rare 
disease clinical trials were discussed in multi-stakeholder sessions.

Methods  Multi-stakeholder sessions covered the topics: Future Educational System, Randomization in Rare Disease 
Clinical Trials, Endpoints in Rare Disease Clinical Trials and Using History Course Data. The sessions began with expert 
presentations to set the scene, followed by guided discussions facilitated by questions on a collaborative digital 
whiteboard. Participants wrote responses, which were then discussed live with the experts.

Results  Training is needed for diverse stakeholders in rare disease clinical trials to enhance understanding and drive 
innovation. Challenges include a lack of standardized terminology for multiple endpoints, inadequate understanding 
of randomization in small sample studies and various obstacles in effectively using natural history data.

Conclusion  Creating a comprehensive and sustainable educational program for rare diseases clinical trial methodol‑
ogy requires strategic collaboration and adherence to FAIR principles. The workshop highlighted the need for innova‑
tions for topics in areas such as handling missing data, optimizing the extraction of information from small samples, 
remote endpoint measurement and new randomized inference techniques. Additionally, integrating innovations 
into tailored training programs is crucial for advancing the field.
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Background
The European Joint Programme on Rare Diseases (EJP 
RD), which commenced in 2019 and concluded in August 
2024, was dedicated to consolidate the Rare Diseases 
(RDs) research ecosystem with the aim of advancing 
patient outcomes through research progress and inno-
vation. It brought together various stakeholders, such 
as research funders, ministries, research institutes, uni-
versities, European Reference Networks (ERNs), Euro-
pean Union (EU) research infrastructures, foundations, 
regulators and patient organizations [1]. The program 
extended its support to stakeholders in the RD com-
munity across four Pillars: 1. Research Funding; 2. Data, 

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom‑
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Orphanet Journal of
Rare Diseases

*Correspondence:
Daniel Bodden
daniel.bodden@rwth-aachen.de
1 Institute of Medical Statistics, RWTH Aachen University Aachen, 
Pauwelsstrasse 19, 52064 Aachen, Germany
2 I-BioStat, Data Science Institute, Hasselt University, Martelarenlaan 42, 
3500 Hasselt, Belgium
3 Medical School, Sigmund Freud Private University, Freudplatz 1, 
1020 Vienna, Austria
4 Institut des Maladies Gènètiques Imagine- Necker Enfants malades 
Hospital, 24 Boulevard du Montparnasse, 75015 Paris, France
5 Necker Enfants malades Hospital, 149 Rue de Sèvre, 75015 Paris, France
6 I-BioStat, KU Leuven, Kapucijnenvoer 35, 3000 Leuven, Belgium
7 Thematic Institute of Genetics, Genomics & Bioinformatics, INSERM, 8 
rue de la Croix Jarry, 75013 Paris, France

http://orcid.org/0000-0003-1051-5713
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13023-024-03482-6&domain=pdf


Page 2 of 11Bodden et al. Orphanet Journal of Rare Diseases          (2024) 19:467 

Resources and Tools; 3. Training and Empowerment; 4. 
Acceleration of Research Translation and Clinical Trials 
[1]. Within this structure, Work Package 20 (WP20) falls 
under Pillar 4 focusing on accelerating the validation, 
use and development of innovative methodologies tai-
lored to RD clinical trials. As a result of WP20’s activities, 
research and clinical teams can find dedicated support 
in setting up clinical trials for their innovative projects. 
A specific form of assistance is tailored to help clinical 
investigators in preparing clinical trials aimed at develop-
ing novel treatments, re-purposing drugs or devices, and 
conducting diagnostic studies [2]. In the same vein, EJP 
RD launched two internal calls that resulted in the fund-
ing of three “Demonstration” and two Innovation” pro-
jects to improve outcomes of clinical studies in RDs. The 
three demonstration projects aimed to show the usability 
and capability of recently developed innovative statistical 
methodologies for clinical trials in RDs, which have not 
been demonstrated in existing data for specific RD clini-
cal trials yet [3]. The two innovation projects were aimed 
at improvement and innovation of methodology for tri-
als in limited-sized populations, for example, in rela-
tion to trial design, endpoints or the statistical analysis 
methods [4]. Furthermore, WP20 developed a structured 
educational program to disseminate advanced statistical 
trial methodology. It encompasses advanced webinars on 
methodology in RD clinical trials tailored to the needs 
of expert stakeholders; they were delivered as live webi-
nars as well as intermediate courses tailored to diverse 
audiences and delivered in the format of pre-recorded 
lectures [5]. During a retreat held on April 13–14, 2023, 
we reviewed the current state of activities and discussed 
potential future developments. In collaboration with 
various stakeholders, we identified and analyzed key 
challenges that require attention moving forward. Based 
on these discussions, we formulated recommendations, 
addressing both educational and research needs, which 
we summarize in this paper.

This paper reports on the discussions and outcomes 
from the multi-stakeholder meeting, organized as fol-
lows. The Methods section outlines the structure of the 
sessions and their discussion formats. The Results section 
details the input gathered, combined with discussions 
from each session, organized into subsections. Lastly, the 
Summary and Conclusion section highlights key recom-
mendations and outlines future plans.

Methods
The second day of the retreat was dedicated to multi-
stakeholder sessions on key topics related to innovation 
in RD clinical trials. The meeting participants repre-
sented a broad spectrum of stakeholders involved in 
rare disease research and clinical trials. Invitations were 

sent to all ERNs via their coordinators and to represent-
atives from industry, patient organizations and mem-
bers of the EJP RD. In total, 30 participants attended in 
person, including six representatives from ERNs, two 
from European Patient Advocacy Groups (ePAGs), six 
from the pharmaceutical industry, and ten from aca-
demic institutions with both clinical and methodologi-
cal expertise. Additionally, six participants were from 
broader research infrastructures like  the  European 
Clinical Research Infrastructure Network (ECRIN). The 
participants originated from several European coun-
tries, including Austria, Belgium, Germany, France, the 
Netherlands, Italy, and the UK, thus incorporating the 
perspective of multiple healthcare systems and expe-
riences in rare disease management. The diversity of 
stakeholders is crucial to the subsequent discussions, as 
it reflects the collaborative and multidisciplinary nature 
required to advance innovation in rare disease clinical 
trials.

The sessions were designed to encourage comprehen-
sive discussion among stakeholders. To ensure that each 
stakeholder could engage fully in each topic, the sessions 
were held consecutively. The organization of these ses-
sions was as follows: 

1	 Future Educational System,
2	 Endpoints in Rare Disease Clinical Trials,
3	 Randomization in Rare Disease Clinical Trials,
4	 Using History Course Data.

Each session began with a “setting the scene” presenta-
tion by experts in the particular area under considera-
tion. These presentations aimed to provide contextual 
background and establish a foundation for subsequent 
discussions. The main messages from these expert talks 
are elaborated upon in the corresponding subsections of 
this paper. To stimulate and structure the discussions, the 
first three sessions included guiding questions formu-
lated by the experts. These questions were strategically 
chosen to provoke thought and stimulate meaningful 
dialogue. The questions were displayed on a collabora-
tive digital whiteboard, accessible to all participants. Par-
ticipants were given three minutes to respond to each 
guiding question by writing their thoughts on the digi-
tal whiteboard. This interactive method ensured that all 
voices were heard and that a wide range of ideas could be 
captured quickly. Following the initial note-taking phase, 
the experts facilitated lively discussions based on the 
notes collected. These discussions allowed participants 
to elaborate on their points, challenge each other’s views 
and collectively explore potential solutions. The notes 
from the collaborative digital whiteboard are included in 
the appendix.
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Results
Future educational system
Setting the scene
The landscape of clinical trials in the field of RDs is 
rapidly evolving, necessitating a robust educational 
framework. Various organizations provide different 
educational tools for RD clinical research (see Fig.  1), 
which are summarized in the following.

WP20 offers a diverse range of educational resources 
tailored to meet the needs of learners at various lev-
els of expertise. This includes: basic courses covering 
fundamental concepts; intermediate courses aiming to 
deepen learner’s knowledge on more nuanced topics; 
and advanced courses for experienced professionals on 
the topics Randomization, Composite Endpoints, Sur-
rogate Endpoints and Master Protocols [5]. Further-
more, WP20 published several articles and educational 
materials that serve as valuable resources for learners 

seeking in-depth knowledge on specific topics and 
offering insights from leading experts [6].

The European Medicines Agency (EMA) enhances 
medical research and treatment protocols through guide-
line development and training initiatives, targeting regu-
latory processes and expert education. Guidelines cover 
various areas like Clinical Pharmacology, Real-World 
Data, Clinical Trial Modernization, Artificial Intelligence, 
Data Science, and Pharmacogenomics for precision med-
icine. The EMA Methodology Working Party offers a 
comprehensive working plan, openly accessible, detailing 
methodologies and presentation materials. Additionally, 
the Data Steering Group focuses on developing a big data 
training curriculum to strengthen regulatory expertise.

The European Rare Disease Research Coordination 
and Support Action Consortium (ERICA) Work Pack-
age 4 on Clinical Trial Support is actively involved in 
producing webinars and YouTube videos to share knowl-
edge and best practices in various aspects of RD clinical 

Fig. 1  An overview of the educational programs for rare disease clinical trials methodologies. Key components include various institutions active 
participation such as the European Medicines Agency (EMA), connect 4 children (C4C), Work Package 20 (WP20) of the European Joint Programme 
on Rare Diseases, European Federation of Pharmaceutical Industries and Associations (EFPIA), European Clinical Research Infrastructure Network 
(ECRIN), European Organisation for RD (EURORDIS), and European Rare Disease Research Coordination and Support Action (ERICA). Educational 
programs in RD Clinical Trial methodologies. This figure provides an overview of the various components within the Complementary Sustainable 
Educational Program under the WP20 initiative. It highlights key educational offerings such as training curricula, the C4C Academy platform, 
and various levels of courses (basic, intermediate, advanced). The figure also outlines the contributions of different entities including connect 4 
children (C4C), European Federation of Pharmaceutical Industries and Associations (EFPIA), European Clinical Research Infrastructure Network 
(ECRIN), European Organisation for RD (EURORDIS), and European Rare Disease Research Coordination and Support Action (ERICA). Additionally, 
it details specific programs like the Moonshot initiative, which aims to enhance the transparency and accessibility of scientific knowledge 
through collaborative networks. Other features include face-to-face training, pre-training webinars, e-learning modules, and a range of specialized 
courses tailored to support clinical trial training
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trials. Collaborating with the EMA and the International 
RD Research Consortium (IRDiRC), ERICA ensures 
alignment with regulatory standards and international 
research initiatives. ERICA’s Work Package 5 is dedicated 
to creating a comprehensive catalog of services and edu-
cational webinars for the RD community. It also offers 
guidance on using essential tools developed within EU-
funded initiatives, such as the Catalogue of Services and 
the Innovation Management Tool, to improve research 
efficiency. Additionally, ERICA conducted a survey to 
identify educational and research needs within ERNs. 
Furthermore, ERICA contributes to disseminating clini-
cal practice guidelines.

The European Clinical Research Infrastructure Net-
work (ECRIN) training programs focus on multinational 
aspects, developed through projects such as Vaccelerate, 
Personalised Medicine Trials (PERMIT), ERA4Health, 
and The Curriculum Development of Human Clini-
cal Trials for the Next Generation Biomedical Students 
(CONSCIOUS). Vaccelerate is a clinical research net-
work dedicated to advancing the conduct and inno-
vation of vaccine trials [7]. PERMIT is an EU-funded 
project aimed at establishing methodological standards 
for personalized medicine research. ERA4Health sup-
ports health research across Europe and CONSCIOUS is 
an Erasmus+ project addressing skill gaps in European-
level clinical trial professionals. ECRIN also hosts events 
like the International Clinical Trials Day and ECRIN 
Clinical Trials Day, alongside scientific meetings, and 
offers specialized tools such as the RD Clinical Trials 
Toolbox and Adaptive Platform Trials Toolbox. The RD 
Clinical Trials Toolbox is designed to support investiga-
tors and sponsors conducting clinical trials in the field 
of RDs by providing guidance on the unique regulatory, 
ethical, and operational challenges these studies face, and 
the Adaptive Platform Trials Toolbox serves as a com-
prehensive resource for researchers implementing adap-
tive platform trials. ECRIN disseminates these resources 
through its website, press releases, social media, and vari-
ous scientific platforms. They ensure that project-specific 
training materials reach stakeholders effectively through 
collaboration, partnering with national entities and clini-
cal working groups for wider dissemination across Euro-
pean regions.

The European Federation of Pharmaceutical Indus-
tries and Associations (EFPIA) plays a vital role in 
disseminating project outcomes through educational 
initiatives and training programs for diverse stake-
holders, including patient organizations. EFPIA 
engages with Health Technology Assessment bod-
ies and addresses communication strategies early in 
projects, resulting in collaborative efforts such as the 

development of guide books, to showcase best prac-
tices and successful collaborations between health-
care stakeholders, patient organizations and industry 
partners across Europe [8]. EFPIA also collaborates on 
guidance document development, scaling up innova-
tion manuals and initiatives such as the Moonshot pro-
ject, which focuses on accelerating research through 
public-private partnerships on the world’s rarest and 
severe conditions that currently do not have therapeu-
tic options.

The Connect4Children (C4C) initiative offers a com-
prehensive education program in pediatric clinical 
research, overseen by Education Leads and guided by 
the Educational Board. The C4C Academy Platform 
provides a virtual learning environment with course 
materials, forums and assignments. Core courses 
cover fundamental pediatric clinical trial topics, sup-
plemented by short courses on specialized areas like 
developmental pharmacology. An advanced course 
delves into advanced pediatric drug development and 
regulatory issues. Accredited by Continued Profes-
sional Development (CPD), discussions are ongoing 
regarding the program’s sustainability model.

The European Organisation for Rare Diseases 
(EURORDIS) leads the EURORDIS Open Acad-
emy School on Medicines Research & Development, 
empowering patient advocates and researchers to 
actively contribute to medical research, particu-
larly in RDs. By educating patients about clinical tri-
als, EURORDIS enables informed decision-making, 
encouraging active participation and collaboration in 
trial design, ultimately enhancing care quality for RD 
communities. As a prominent advocate and resource 
hub, EURORDIS provides educational materi-
als, workshops, webinars and campaigns, fostering 
patient engagement and collaboration among patients, 
researchers and healthcare professionals. Addition-
ally, EURORDIS offers online courses covering various 
aspects of clinical trials and statistical methodologies.

Following this overview on selected key educational 
aspects the discussion was structured around four 
guiding questions: 

1	 Given the list of audiences for whom the educational 
programs are developed, do you think that we are 
missing (or under-serving) some groups?

2	 What are in your opinion the uncovered needs for 
education in clinical trials?

3	 What are the pros and cons of different formats? 
What is the best format and for which audience?

4	 Sustainability/Accreditation: How to make these pro-
grams sustainable (Continuing Medical Education, 
University, Scientific organisations, ...)?



Page 5 of 11Bodden et al. Orphanet Journal of Rare Diseases          (2024) 19:467 	

Outcomes of the discussion
The discussion revealed that certain groups are under-
represented in clinical trials education, such as person-
nel from the pharmaceutical industry, specialized nurses 
involved in advanced care programs having direct inter-
actions with the patients and families and different pro-
fessionals who provide indirect support to clinical trial 
units. It was emphasized that basic courses should target 
professionals who have had limited exposure to clini-
cal research, while advanced courses should be tailored 
to those with more specialized knowledge or extensive 
experience in the field. Tailored training is required for 
all researchers and physicians working on RDs. Addi-
tionally, addressing the educational needs of evaluators, 
researchers from less-represented countries, engag-
ing with funders and regulatory bodies are essential for 
a comprehensive approach to clinical trials education. 
Attendees identified important gaps in clinical trials edu-
cation, emphasizing the need for a more comprehensive 
framework. They stressed the importance of tailored 
programs focusing on competence-based and adap-
tive learning, alongside addressing patients’ educational 
needs to understand trial complexities. Key elements 
include Good Clinical Practice (GCP) training, disease-
specific education, ethical considerations, and protocol 
development. Tailoring programs for different researcher 
populations while integrating modern technologies like 
artificial intelligence into the training is crucial. Bridg-
ing gaps in advanced methodology, operational aspects, 
regulatory classifications, and RD training is also high-
lighted. Additionally, ensuring program visibility, accessi-
bility, budgeting, regulatory understanding, and tracking 
Continuing Medical Education (CME) points are vital 
for a holistic approach to clinical trials education. Ana-
lyzing various educational formats is crucial for catering 
to diverse audiences effectively. Short YouTube videos 
with info graphics involve the general public, while vir-
tual lectures offer flexibility. The inverted classroom for-
mat promotes interactive learning and expert contact is 
vital. Alternative platforms like TikTok and Instagram 
are suggested, particularly for younger professionals, 
alongside preferences for short webinars and online pro-
grams. Interactive online courses and blended learning 
cater to different preferences, emphasizing adaptability 
and balancing online and in-person formats. Harmoniz-
ing accredited programs, flexible time slots and gami-
fied experiences to increase engagement and motivation 
of the learner enhance the educational strategy’s versa-
tility and effectiveness. Ensuring the sustainability and 
accreditation of future educational programs in clinical 
trials requires a multifaceted strategy. Agreements with 
universities anchor programs, while CME points enhance 
participant professional development. Innovative models 

like executive master programs and joint online semi-
nars cater to diverse preferences, with a focus on regular 
updates to incorporate new research findings. Integra-
tion into specialization programs at national and Euro-
pean levels aligns with harmonization efforts. A robust 
business model, including sustainable funding sources, 
is crucial, alongside connections with entities like ERNs 
and research infrastructures. Diversification in sustaina-
bility approaches, openness to industry participation and 
leveraging social media and training platforms enhance 
accessibility. Tailoring programs to audience needs and 
fostering collaborations ensure a holistic and sustainable 
approach to clinical trials education.

Multiple endpoints in rare disease clinical trials
Setting the scene
Proving effectiveness of novel treatments in RDs is chal-
lenging. Besides the issue of limited populations, RDs 
show multiple phenotypes, have heterogeneous clinical 
presentations, often age-related, and the natural history 
is typically still poorly understood. This complicates the 
definition of one or more endpoints for the evaluation of 
a treatment. “Developing endpoints that meet the scien-
tific and regulatory best practices has become a central 
challenge in the development of novel methodologies 
in RDs” [9]. The regulatory side also recognizes that the 
development of new endpoint methodologies is key to 
the evaluation of innovative treatments in the field of 
RDs. Therefore, the U.S. Food and Drug Administration 
(FDA) has established in October 2022 a Rare Disease 
Endpoint Advancement Pilot (RDEA) Program to sup-
port the development of novel endpoint concepts for RD 
[10]. RD trials often rely on multiple endpoints to capture 
the full complexity of the condition and provide a more 
comprehensive assessment of treatment effects [11]. 
Both the EMA and the FDA have issued guidelines on 
the use of multiple endpoints, offering several strategies 
for incorporating them into clinical trials [12, 13]. Multi-
ple primary endpoints involve several primary endpoints 
that are analyzed independently. A significant treatment 
effect on any of these endpoints may be taken as evidence 
of efficacy. Multiple primary endpoints are considered 
co-primary when each endpoint must demonstrate a 
treatment effect to establish efficacy, and in such cases, 
multiplicity is not a concern [14]. Composite endpoints 
combine multiple outcomes into a single variable, and 
treatment efficacy is assessed based solely on this com-
posite. This approach is commonly used in time-to-event 
analyses, where the composite endpoint is defined as the 
first occurrence or realization of one of the pre-specified 
events in a subject [14]. Multi-component endpoints are 
a within-subject combination of two or more compo-
nents into a single score or rating, whose attributes can 
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be either weighted or unweighted [14]. Challenges of dif-
ferent endpoint types and their evaluation methods in 
the field of RDs are discussed in [15].

To define future areas of research, it is necessary to 
discuss the problems researchers encounter when using 
multiple endpoints. Therefore, the following questions 
guided the discussion: 

1	 What issues challenge you in using multiple end-
points in your research?

2	 What innovations regarding multiple endpoints are 
necessary for RD clinical trials?

3	 Which types of multiple endpoints are most helpful 
in the context of your RD clinical trials?

Outcomes of discussion
One crucial challenge for the use of multiple endpoints 
in RD clinical trials is the lack of standardized terminol-
ogy, not just within published research and guidelines but 
also among the regulatory agencies. Another concern is 
the adoption of innovative statistical methods and their 
associated endpoints. The harmonization of terminology, 
the establishment of a standardized endpoint qualifica-
tion process and the provision of guidance and education 
are essential. The absence of such standardization and 
education has left some workshop participants unable 
to identify the most suitable type of endpoint for their 
RD clinical trials. A major hurdle in RD clinical trials is 
the absence of validated endpoints. In contrast to com-
mon diseases where the natural history and clinically rel-
evant endpoints are well-documented and accepted by 
all stakeholders, RDs, due to their infrequent occurrence 
and limited data, have largely unknown natural histories 
as well as optimal endpoints for assessing intervention 
effects. On the one hand, selecting outcomes for multiple 
endpoints should be based on a coherent understanding 
of the disease’s underlying biological processes and the 
mechanism of action of the intervention being evaluated. 
Ideally, these multiple outcomes should exhibit mini-
mal correlation, which should be investigated in natural 
history studies of the disease. On the other hand, in the 
realm of RDs, the chosen endpoints and statistical meth-
ods should aim to maximize power with the smallest 
possible number of subjects, while maintaining interpret-
ability of the global effect and the impact on individual 
outcomes. This task is further complicated by disease 
heterogeneity and variations in how endpoints are meas-
ured, potentially reducing the power. Identifying rel-
evant subgroups with tailored endpoint adjustments can 
enhance homogeneity, power and reduce the required 
number of subjects. Regardless of the uncertainty sur-
rounding which endpoints are relevant for capturing 

clinical benefits, there is growing interest in patient-cen-
tered outcome measures (PCOM) and patient-reported 
outcomes (PRO). This poses statistical challenges in 
how to evaluate both quantitative clinical outcomes and 
qualitative outcomes, like quality-of-life measurements, 
together. While various methodologies have been pro-
posed, further innovation is needed to optimally com-
bine different types of outcomes and determine which 
patient-centered outcome measures genuinely reflect 
clinical benefit rather than serving as proxies. To enhance 
the identification of endpoints for RD clinical trials, it is 
imperative to investigate the natural history of the dis-
ease and understand the potential association between 
outcomes, followed by collaboration with regulatory 
authorities for endpoint qualification. Both agencies 
have processes to assist in qualifying novel endpoints [9]. 
This qualification hinges on the alignment of endpoints 
with biological processes and their consistency of use 
throughout the entire drug development program. Once 
relevant outcomes are selected, additional research and 
education, including practical examples, are necessary to 
provide guidance on how to jointly analyze multiple end-
points. This analysis can be achieved through separate 
testing with multiplicity correction, weighting, ranking, 
joint modeling, item response theory, goal attainment 
scales, or other methodology. Education should target all 
stakeholders, including clinicians, statisticians, regula-
tory authorities and patients.

Randomization in rare disease clinical trials
Setting the scene
In addition to blinding, randomization is the key 
approach to avoid bias in comparative confirmatory 
and exploratory clinical trials. It is worth noting that 
randomization can be implemented without blind-
ing. As randomization is supposed to mitigate bias, it 
increases validity of the study findings. This technique 
is not limited by the size of the study nor the size of the 
target population under study. However, it appears that 
the potential to mitigate bias depends on the setting of 
the clinical trial, in particular the sample size as well as 
the type of the randomization algorithm, a.k.a. proce-
dure. Randomization is the process of random alloca-
tion of treatments to patients in trials. Consequently, 
random sampling is not a feature of the random allo-
cation process. On the other hand, the usual inference 
relies on the assumption of random sampling only and 
some inference procedures need particular features 
of the random allocation process, e.g., balanced sam-
ple sizes. The mix up of random sampling and random 
allocation results in confusion and is a source of criti-
cism e.g., either for “external validity” where random 
sampling might be conflicted, or predictability, where 
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random allocation is subverted. The problem of bias 
is recognized by the regulators, who state that it oper-
ates despite the best intentions of sponsors and inves-
tigators and may lead to flawed conclusions [16, 17]. 
Accordingly, the effect of bias on the trial results should 
be gauged by sensitivity analyses. Over the last decades, 
considerable efforts have been made to enable such 
sensitivity analyses, particularly in the context of small 
population clinical trials, and to provide a software 
solution for performing them [18, 19]. The approach 
can be used to identify the most efficient randomiza-
tion procedure in the planning phase of the trial, real-
izing that there is no “one size fits all” procedure. The 
selection is based on a comprehensive simulation study, 
called ERDO [18] prior to study commencement to 
identify the randomization procedure for the specific 
study design similar to the clinical scenario evalua-
tion tool [20], see Fig.  2. However, random allocation 
can also be used to evaluate the level of evidence in the 
data. This approach, i.e.,randomization-based assess-
ment of the level of evidence, is based on trial simu-
lation at the design stage in  situations where the trial 
population is finite and small. This setting presents 
challenges, as independence of sampling is not plausi-
ble and sample size could not be extended in a reason-
able time. Guidance on what is meant by “small” needs 
to be developed in the future. Conclusions should be 
drawn in accordance with the randomization procedure 

used. In addition, it should be clear what level of evi-
dence is required for a treatment to be considered suc-
cessful in a particular trial.

Past and present challenges as well as future develop-
ment areas were the focus of the discussion, which was 
guided by the following three questions: 

1	 What are practical problems with implementation of 
randomization in RD clinical trials?

2	 Is the current state of knowledge about implementa-
tion of randomization sufficient in the RD commu-
nity?

3	 What are needs for innovation with randomization?

Outcomes of discussion
During the discussion, several misconceptions regarding 
randomization in clinical trials that require educational 
attention were addressed. One prominent misconcep-
tion was the belief that being part of the placebo or 
active control group is a “waste”. To clarify, this assump-
tion is based on the belief that the drug being tested is 
effective. However, if the drug is found to be ineffective, 
the opposite would be true. The importance of patients 
understanding the value they contribute to the commu-
nity by participating in a trial, particularly when assigned 
to the placebo group, was emphasized. To counteract 

Fig. 2  Evaluation of randomization procedures for design optimization (ERDO) framework. This figure describes the ERDO framework, which is used 
to identify the best randomization procedure. The framework incorporates key aspects of the trial, including disease types, outcomes, and other 
relevant factors to find the best randomization procedure in the planning phase of the clinical trial
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this misconception, it was recommended to highlight the 
benefit to the patient population as a whole.

The challenge of conducting sample size calculations 
when there is insufficient data available was also dis-
cussed. It was explained that this challenge pertains to 
confirmatory clinical trials. However, in exploratory tri-
als, sample size considerations are based on different 
considerations. The lack of awareness regarding this dis-
tinction within the community was highlighted. Further-
more, the discussion delved into the complexity of trial 
designs, particularly in comparison to textbook exam-
ples, with the pharmaceutical industry being more profi-
cient in implementing multicenter studies.

It was emphasized that raising awareness about the 
possibility of allocation bias [21] is necessary, because 
many people perceive randomization as an infallible gold 
standard without room for error or bias. It was suggested 
that quantifying bias, recognizing its varying prominence 
depending on the situation and providing education on 
the limitations of randomization are crucial in addressing 
this misconception.

The issue of randomization preventing the sharing of 
placebo group information was raised and the Bayesian 
approach was acknowledged as less understood in this 
context. Additionally, it was noted that clinicians have 
limited knowledge of Bayesian approaches.

The topic of innovation in randomization was also 
brought up, questioning whether new approaches should 
be explored in the era of open registries and observational 
real-world data, particularly in the context of RDs. It was 
emphasized that the line between randomized experi-
ments and observational studies is becoming blurred 
and a combination of both approaches could be benefi-
cial. While some argue that randomization is no longer 
necessary due to better causal inference, it was concluded 
that properly designed randomized experiments remain 
essential. However, incorporating observational data in 
data-poor areas would be valuable. In relation to this, it 
was noted that the EMA recently published a guideline 
on registry-based studies [22].

The discussion also raised ethical concerns regarding 
certain trial scenarios, such as the burden of interven-
tion on young children. It was proposed that subjecting 
children to interventions for extended periods might be 
unethical. Factors such as the type of exposure and the 
child’s age were suggested as important considerations in 
such cases.

Using natural history course data
Setting the scene
Two stimulating presentations were delivered by experts 
from both the methodological and patient representative 
sectors, who contributed to the WP20 demonstration 

and innovation projects. These experts provided a sum-
mary of their findings, drawing from their work on 
the IMPROVE PSP and EVIDENCE-RND projects [3, 
4]. Their presentations offered an overview of recent 
achievements and key outcomes, setting a foundation for 
the discussion.

Outcomes of discussion
The focus of the discussion was on the potential benefi-
cial interaction between the clinical trial framework and 
the natural history framework. It was emphasized that 
we, as researchers, owe society – especially in the area of 
RDs – to extract as much information as possible from 
individual patient data, especially when a control arm 
may not be feasible due to large estimated effect sizes or 
lack of equipoise, necessitating reliance on single-arm 
studies and historical controls. However, these endeavors 
face notable challenges. One challenge is given by the pri-
vacy regulations like the General Data Protection Regula-
tion (GDPR), which are more impactful in areas such as 
RDs. Therefore, the availability of individual patient data 
instead of aggregated datasets should be an academic as 
well as commercial commitment. The marketing authori-
zation for RD medicine is often difficult to obtain. In such 
cases, it is important to collect historical and clinical data 
all around Europe, but the datasets are very different 
and difficult to use for qualitative purposes. There was 
a call for early collaboration among researchers, regula-
tors, health technology assessment bodies, clinicians and 
patients to establish appropriate outcome measures for 
studying natural disease progression through pre-com-
petitive research. On the other end of the spectrum, the 
necessity of long-term follow up was raised and the ques-
tion of logistical and financial challenges for those were 
discussed. It was noted that the pricing for long-term 
follow up might be difficult to be entered in the pipeline 
of the development and pricing of the drug and that the 
regulator has to play a vital role in that area. Solutions 
such as virtual institutes or patient reported outcomes 
via “smart cards” were mentioned to facilitate long-term 
data collection.

One question that was raised was: What really is natu-
ral history data? It is proposed that natural history data 
should not be viewed in isolation, but in connection 
with statistical, clinical, biological data types and various 
modeling approaches. Models like Markov chain models, 
Item Response Theory models and linear mixed models 
must be considered in this regard. Also, an irregularly 
spaced measurement schedule is a very defining charac-
teristic of natural history data. The fact that people may 
start getting measured late, when the disease has already 
manifested and leave early, for example, when the disease 
is getting worse, do not get measured at all times and that 
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there is missing data must be addressed. It was empha-
sized that bias does not necessarily invalidate research 
findings, instead it requires careful consideration. It may 
be that certain aspects cannot be studied anymore, but 
on the other hand, the natural heterogeneity can be a 
very interesting source to study in the first place. How 
frequently people get measured may already carry infor-
mation by itself.

Summary and conclusion

The following table 1 summarizes the recommendations 
derived from the discussions within each session. These 
aspects will be addressed in two major EU-funded pro-
jects, namely ERDERA (grant agreement No. 101156595) 
and RealiseD (grant agreement No. 101165912).

The retreat meeting could not cover all aspects of inno-
vation in RD clinical trials. For instance, innovative trial 
designs, such as platform trials, were not addressed. 
Additionally, while the discussion on endpoints focused 
primarily on the challenges associated with multiple end-
points, the need to develop more sensitive endpoints for 
RDs, as well as to explore innovative approaches, includ-
ing digital markers and AI-based assessments for end-
points, would benefit from discussions in the future. 
Regulatory agencies needs for endpoints in rare and 
ultra rare diseases will be considered in the upcoming 
RealiseD project and thus our discussion could not pre-
sent any solutions here. The use of multiple endpoints in 

RD clinical trials challenges researchers due to the lack 
of standardized terminology and the absence of recom-
mendations on how to define and evaluate meaningful 
patient-centered endpoints in small populations. There 
is still a lack of understanding in the role of randomiza-
tion in RD clinical trials, particularly in trials with limited 
sample sizes. Randomization also needs to be understood 
in hybrid studies, combining randomized experiments 
and observational studies.

Overcoming regulatory, methodological and privacy 
regulatory barriers to fully leverage natural history data 
necessitates a collaborative and integrated research 
approach for the RD community. Reflection on natural 
history studies would also benefit from consideration 
of the many RD history studies that exist in Europe and 
beyond. An example can be found in [23].

Creating the best comprehensive and global educa-
tional program in RD clinical trial methodology necessi-
tates strategic collaboration among various organizations 
offering educational tools. By taking advantage from each 
entity’s strengths and fostering collaboration, a cohesive 
educational ecosystem can address the diverse needs of 
stakeholders in RD research and clinical trials. To achieve 
this, a multi-faceted approach to collaboration can be 
implemented. Initially, organizations must identify 
complementary resources and assess their compatibil-
ity. Subsequently, a framework for integration is estab-
lished, mapping out curricula and developing pathways 
for learners across different organizations. Collaboration 

Table 1  Recommendations for future educational systems and innovation of rare disease clinical trials

Session Key recommendations

Future educational system 1   Development of specific training including GCP, disease-specific education, ethical considerations, 
and protocol development tailored for different populations

2   Develop methodological trainings for topics such as randomization, multiple endpoints, and natural 
history data analysis

3   Developing innovative educational formats tailored to meet the diverse needs of different audiences

4   Develop a robust business model guaranteeing sustainable accessibility of the training programs

Randomization in rare disease clinical trials 5   Raise awareness among the patient population about the importance of randomization in clinical trials 
and its benefits to reach valid evidence

6   Increase awareness of possible biases and methods to quantify bias on study results

7   Develop hybrid design technologies combining randomized clinical trials with observational data

Endpoints in rare disease clinical trials 8   Establish standardized terminology and a regulatory framework on how to handle multiple outcome 
data

9   Develop and validate disease-specific (multiple) endpoints considering various measuring scales 
in cooperation with regulatory authorities

10   Develop appropriate analysis procedures and guidance on their use in cooperation with regulatory 
authorities

Using history course data 11   Extract as much information as possible from individual patient data to complement clinical trials

12   Enhance early collaboration to establish the same outcome measures and standardized FAIR clinical 
databases

13   Learn from natural heterogeneity of data collection about disease characteristics
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manifests itself in joint training initiatives, co-develop-
ment of materials and shared resources. Additionally, 
knowledge sharing and exchange are promoted through 
cross-organizational training programs and collaborative 
platforms. Lastly, establishing governance and oversight 
mechanisms ensures the success and sustainability of col-
laborative efforts by coordinating activities and monitor-
ing progress. The future educational plan must be a FAIR 
one, aiming to ensure that the educational system for RD 
clinical trials is Findable, Accessible, Interoperable and 
Reusable. This entails implementing principles of open 
science and digital innovation. Efforts include making 
educational resources discoverable through centralized 
platforms with user-friendly interfaces and robust search 
functionalities. Accessibility is enhanced by removing 
barriers such as language and geographic restrictions, 
offering multilingual support and designing respon-
sive interfaces. Interoperability is crucial for seamless 
resource integration, achievable through common stand-
ards for content formatting and metadata description. 
Promoting reuse involves designing materials in modular 
formats and adopting open-access policies. Adhering to 
these principles can maximize the educational system’s 
impact, empowering stakeholders and driving advance-
ments in research and clinical practice in RD.
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