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Background  
 
Regulatory uncertainties related to the authorizations of orphan medicinal products (OMP) are 
often due to unconventional clinical development, hindered by difficulties to recruit patients 
affected by low prevalence conditions into clinical trials. There is a huge need to strengthen 
support to developers on the appropriate studies to be conducted in the development of OMP in 
order to generate adequate evidence for the demonstration of the benefits and risks. 
 
Hypothesis 
 
Alternative methodological approaches to the study of rare or orphan diseases (OD) can be 
applied to the clinical development of new treatments, which may shorten the period of drug 
development and reduce the patient needs while keeping integrity and robustness of results.  
 
Guidance to the application of such approaches to clusters of diseases or medical conditions 
sharing clinical characteristics determining the applicability of critical study design aspects may 
allow more specific regulatory guidance to researchers aiming to obtain a new marketing 
authorisation for medicinal products than those currently available. 
 
Objetives  
 
The aims of this project included: 1) to analyse and describe the extent of current regulatory 
guidance for clinical development of OMP, 2) to select a number of representative examples of 
authorized OMP suitable for testing of new methods, 3) to qualitatively assess the applicability 
of a number of novel methodologies and their added value to the design and analysis of clinical 
trials of new medicinal products aimed for the treatment of OD, 4) to test the applicability of 
new methods through simulations of drug development plans, and 5) to issue recommendations 
by groups of conditions that share some characteristics that make them more suitable or 
adequate for the use of a given methodology. 
 
Methods 
 
The project was developed as a part of a European Collaborative Project funded by the 
European Commission (EC) (FP7-HEALTH-2013-INNOVATION-1 Grant-Agreement 
No.603160) with the aim to develop new methodologies for the conduct of clinical trials in 
small populations. A review of the type of currently available guidance for clinical investigation 
of OMP, as issued by European Medicines Agency (EMA), has systematized currently available 
guidance to identify areas where guidance may be further developed. Examples of authorized 
OMP with available public information in European Public Assessment Reports (EPARs) which 
were representative of 6 clusterings of conditions were selected. The applicability and the added 
value of 13 new methodologies and approaches suitable for the study of small populations 
developed by other working packages within the ASTERIX project was qualitatively assessed, 
using the framework defined by six condition clusters developed by our group. Applicability 
testing used real life examples of 26 OMP authorized in the European Union (EU), as published 
in the EPARs. Further, simulations of alternative clinical development programs were done for 
6 selected examples representing the 6 clusters of medical conditions. Regulatory uncertainties 
were described for each example, as described in EPARs, and these were tried to be solved by 



SUMMARY  

 

20 

 

applying alternative approaches. Other relevant methods identified outside of the ASTERIX 
project could be considered and tested, if deemed appropriate. Based on the outcome of these 
analyses, an attempt to provide a final set of recommendations as suggestion for implementation 
in guidelines was done.  
 
Results 
 
Current regulatory guidance specific to clinical development of OMP is scarce and lacks 
specificity. Applicability of newly developed ASTERIX methods and approaches is limited 
when just trying to optimize the actually conducted pivotal studies. Simulations of alternative 
clinical developments applying novel methods revealed that applicability and added value of 
methods is extended when the aim is set in optimising the drug development program, rather 
than just improving the pivotal trial as presented in isolation. Novel methods were able to 
address important regulatory uncertainties and increased the ability of generating robust 
evidence. The impact of alternative methods and approaches on other relevant ethical or 
practical aspects varies depending on the methods applied, but when negatively impacted 
overall this was not to a relevant extent. Based on these results, recommendations on 
applicability of methods by clusters of medical conditions are proposed. 
 
Conclusions 
 
Existing European regulatory references for clinical development of OMP offer limited and 
fragmented guidance. Novel methodologies applied to the design and analyses of clinical 
studies in orphan conditions are useful tools at providing a good balance of robustness and 
efficiency in the generated evidence and may reduce the level of uncertainties and would 
facilitate the regulatory decision-making, if applied properly and early in the development 
planning.  
 
Our framework, methods and recommendations represent an approach to practical and 
structured thought on the planning of clinical trials and analyses and could support sponsors on 
the appropriate studies to generate robust evidence in the scenario of small populations. 
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Introducción 
 
Las incertidumbres reguladoras asociadas a la autorización de comercialización de 
medicamentos huérfanos se relacionan con frecuencia con la realización de desarrollos clínicos 
no convencionales, obstaculizados por las dificultades en el reclutamiento de pacientes con 
enfermedades poco prevalentes en los ensayos clínicos.  Existe una necesidad importante de 
reforzar el apoyo y dar recomendaciones sobre el tipo de estudios a realizar en el desarrollo de 
medicamentos huérfanos para generar una evidencia adecuada para la demostración de los 
beneficios y los riesgos de estos medicamentos.  
 
Hipótesis 
 
La aplicación de aproximaciones metodológicas alternativas al desarrollo de nuevos 
medicamentos en enfermedades raras permitiría que se acorten los periodos de estudio y se 
reduzca el número de pacientes a incluir manteniendo la integridad y robustez de los resultados.  
Las recomendaciones sobre la aplicabilidad de estos nuevos métodos pueden hacerse por grupos 
de enfermedades o condiciones que comparten características clínicas que determinan aspectos 
críticos del diseño de los estudios, de forma que se podrían elaborar recomendaciones 
regulatorias más específicas que las existentes que sirvan de guía a los investigadores durante el 
desarrollo de estos medicamentos.   
 
Objetivos 
 
Los objetivos de este proyecto son: 1) analizar y describir las guías europeas reguladoras 
existentes aplicables al desarrollo clínico de medicamentos huérfanos, 2) seleccionar un número 
representativo de ejemplos de medicamentos huérfanos autorizados válidos para evaluar la 
aplicabilidad de los nuevos métodos, 3) evaluar cuantitativamente la aplicabilidad de un número 
determinado de nuevos métodos al diseño y análisis de los ensayos clínicos de medicamentos 
huérfanos y su valor añadido, 4) testar la aplicabilidad de los nuevos métodos a través de 
simulaciones de planes de desarrollo clínico de medicamentos, y 5) elaborar recomendaciones 
por grupos de condiciones que comparten características que hacen más adecuada el uso de una 
metodología determinada.   
 
Métodos 
 
Este proyecto forma parte de un proyecto colaborativo europeo financiado por la Comisión 
Europea, Proyecto ASTERIX (FP7-HEALTH-2013-INNOVATION-1 Grant-Agreement 
No.603160) con el objetivo de desarrollar nuevas metodologías para la realización de estudios 
en poblaciones pequeñas. Se revisaron las guías clínicas europeas aplicables a la investigación 
con medicamentos huérfanos para identificar potenciales áreas de mejora. Se seleccionaron 
ejemplos de medicamentos huérfanos con autorización de comercialización europea 
representativos de los 6 clusters de condiciones definidas previamente en el Proyecto 
ASTERIX. Se evaluó la aplicabilidad y el valor añadido de 13 métodos nuevos adecuados para 
el estudio de poblaciones pequeñas desarrollados dentro del Proyecto ASTERIX, utilizando 26 
ejemplos representativos de los 6 clusters de condiciones.  Posteriormente se identificaron las 
incertidumbres reguladoras de 6 ejemplos y se simularon desarrollos clínicos alternativos 
aplicando nuevas metodologías con la intención de resolver las incertidumbres. En base a estos 
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resultados, se elaboraron una serie de recomendaciones para su potencial implementación en las 
guías clínicas europeas.  
 
Resultados 
 
Las guías reguladoras existentes para el desarrollo clínico de medicamentos huérfanos son 
escasas y poco específicas. La aplicabilidad de los métodos de análisis y diseños desarrollados 
en ASTERIX es limitada cuando se intenta optimizar los estudios pivotales realizados. Las 
simulaciones realizadas muestran que tanto la aplicabilidad de los métodos como su valor 
añadido se amplían cuando el objetivo es optimizar el programa de desarrollo clínico del 
medicamento, no solo el estudio pivotal. Con la aplicación de nuevos métodos se pudieron 
resolver importantes incertidumbres identificadas durante el desarrollo de medicamentos 
huérfanos, aumentando así la posibilidad de generar una evidencia robusta. Su impacto en otros 
aspectos relevantes (éticos o prácticos) fue variable dependiendo del método aplicado, pero en 
general éstos no se vieron afectados de una forma relevante. En base a estos resultados se hizo 
una propuesta de recomendaciones sobre la aplicabilidad de los métodos por grupos de 
condiciones médicas. 
 
Conclusiones 
 
Las recomendaciones reguladoras existentes en la Unión Europea y aplicables al desarrollo 
clínico de medicamentos huérfanos son limitadas. Los nuevos métodos aplicados al diseño y 
análisis de estudios en enfermedades huérfanas son herramientas útiles que proporcionan una 
evidencia con un buen balance entre robustez y eficiencia. Aplicados correctamente y en etapas 
tempranas del desarrollo pueden reducir el nivel de incertidumbres y facilitar las decisiones 
reguladoras.  
 
Nuestro marco de trabajo, métodos y recomendaciones representa una aproximación práctica y 
estructura a la planificación de los ensayos clínicos y análisis y podría ayudar a los promotores 
sobre los estudios adecuados para generar una evidencia robusta en el escenario de poblaciones 
pequeñas. 
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2.1. Orphan medicinal products and rare diseases 
 
Orphan drugs are all those medicinal products aimed to diagnosis, prevention or treatment of 
rare diseases, and are so called because the pharmaceutical industry may have little financial 
interest in developing and marketing products intended for only a small number of patients 
suffering from very rare conditions (1). 
 
In the EU, rare diseases are the medical conditions which have a prevalence figure of less than 1 
person per 2,000 inhabitants (2). A disease can be rare in one region, but common in another. 
This is the case of thalassemia, an anemia of genetic origin, which is rare in Northern Europe, 
but it is frequent in the Mediterranean region. This prevalence figure is arbitrary and established 
to determine the threshold below which the market conditions are no longer conventional, and 
special needs are displayed for drug development. In fact, the definition of a rare disease is not 
universal and depends on the legislation and policies adopted by each region or country (3). In 
this sense, the definition of a rare condition in the US is wider than in the EU (prevalence 
approximately 7.5 in 10,000 inhabitants), while in Japan is stricter (approximately 3.9 in 10,000 
inhabitants) and even more in Australia (approximately 1 in 10,000 inhabitants) (3). 
 
The estimated overall numbers of existing rare diseases range from 6,000 to 7,000 distinct 
diseases. Despite being infrequent, the high number of conditions makes rare diseases anything 
but rare, affecting between 6% and 8% of the population in total, which means between around 
27 million and 36 million people in the EU. Most people suffer from diseases affecting fewer 
than 1 in 100,000 people (4).  
 
In up to 80% of rare diseases genetic origins have been identified and affect between 3% and 
4% of births. Other rare diseases are the result of infections (bacterial or viral), allergies and 
environmental causes, or are degenerative and proliferative. To date, the cause remains 
unknown for many rare diseases (2).  
 
Rare diseases often are serious, life-threatening or chronically debilitating and progressive 
diseases. They decrease the quality of life and performance status of patients affected, and 
generally causes long-term disabilities and dependence. Rare diseases not only affect the person 
diagnosed - they also impact families, friends, care takers and society as a whole (5).  
 
For many rare diseases, signs may be observed at birth or in childhood. Examples include 
proximal spinal muscular atrophy, neurofibromatosis, osteogenesis imperfecta, and 
chondrodysplasia or Rett syndrome. However, over 50% of rare diseases appear during 
adulthood, such as Huntington diseases, Charcot-Marie-Tooth disease, amyotrophic lateral 
sclerosis, Kaposi's sarcoma, thyroid cancer or acute myeloid leukaemia (6). 
 
Subjects affected by these diseases all face similar difficulties in their quest for a diagnosis, 
relevant information and proper direction towards qualified professionals. Specific issues are 
equally raised regarding access to quality health care, overall social and medical support, 
effective liaison between hospitals and general practices, as well as professional and social 
integration and independence (3). 
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Fortunately, hundreds of rare diseases can now be diagnosed through a biological sample test. 
Knowledge of the natural history of these diseases is improved by the creation of registries. 
Researchers are increasingly working through networks in order to share the results of their 
research and to advance more efficiently. New hopes arise with the perspectives offered by 
dedicated policies in the field of rare diseases, but still there is lot of work to be done (2). 
 

2.2. Peculiarities of orphan drug development 
 
Conducting a pharmaceutical development program for the treatment of a rare disease is 
particularly challenging. Among the main difficulties are the poor understanding of the natural 
history of the proposed indication, due to lack or few observational studies on disease 
progression, difficulties to achieve an accurate diagnosis, heterogeneity of patient populations 
with variable phenotypes and clinical courses, limited number of patients plus geographic 
dispersion of patients and investigators, regulatory uncertainties, difficulties in choosing 
clinically relevant outcomes, and lack of prior experience in conducting clinical studies that 
could serve as guidance (7).  
 
Limited knowledge on natural history of rare diseases  
 
Unlike more prevalent diseases, there is little existing knowledge on the natural history of most 
rare diseases. Studies designed to describe natural history can yield vital information for the 
design and conduct of clinical studies for product developments. These studies can provide 
valuable information about demographic, genetic, and environmental variables that correlate 
with the time course, stages and outcome of the disease; refinement of diagnostic criteria and 
identification of patient subpopulations with different characteristics and effects of the disease; 
patient perspectives on what aspects of disease are most important to treat; and how to quantify 
those aspects, so that they can serve as useful outcome measures for clinical trials. In the case of 
rare diseases, their natural histories frequently are not fully understood because there are simply 
not enough diagnosed cases that have been observed and studied (8).  
 
This lack of knowledge limits researchers’ ability to study rare diseases and develop new 
treatments. Knowledge of natural history is essential for developing more efficient clinical trial 
designs. It also could help reduce the length and cost of drug development and, possibly, 
contribute toward greater predictability of clinical development programs (8).  
 
Researchers are faced with limited approaches to appropriately address these challenges. Patient 
registries can help to fill this gap due to their value in developing evidence for rare diseases. 
There are some significant operational challenges that need to be considered and addressed in 
managing these programs. Currently, a number of international efforts seek to promote, 
standardize and facilitate these efforts and will have a strong impact on improving evidence 
development and patient care (8).  
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Underdiagnose 
 
Patients with rare or complex, life-threatening diseases often face challenges in obtaining a 
correct diagnosis and in timely accessing appropriate therapies and clinical expertise. The small 
prevalence of the conditions means that in general their physicians have never seen similar cases 
and are thus less able to suspect and establish a precise diagnosis. Often patients are left 
untreated or have to scour the internet in the hope of finding a center with the necessary 
expertise. The high number of conditions and their complexity makes it difficult to ensure that 
there is enough awareness on each independent disease by clinicians, and because of the same 
reason, there is limited specific disease expertise, which may be geographically concentrated 
and at significantly distance from patients as to physically impair access to healthcare. In order 
to improve this situation, the European Reference Networks (ERN) initiative was set in order to 
connect and ease exchange of information and expertise on rare diseases across the European 
region. Such networking may also ease clinical trials by connecting centers of expertise at the 
national and international level (9). 
 
Further, there are difficulties in identifying participants for clinical research due to lack of 
proper identification of patients with many OD in health information systems. Scarcity of cases 
makes it difficult to establish clear diagnosis criteria, because of lack of series large enough as 
to inferring common features that are determinant to establish a medical diagnosis. In addition, 
disease coding and recording in medical records may be heterogeneous and lack clinical 
specificity. Most countries use the International Classification of Diseases (ICD-10) to record 
patients, where around 500 rare diseases have a specific code. In countries using Systematized 
Nomenclature of Medicine (SNOMED), the situation is not much better because only around 
40% of rare diseases are listed here. Thus, any attempt to establish disease prevalence and to 
identify patients in a given region represents a challenge at the medical coding and recording.   
Another source for identification of rare disease patients is disease-specific patient registries. 
There are 690 such registries in Europe, covering 984 rare diseases. Most are national (482 
registries), or regional (75 registries), with some being European (59 registries) or international 
(74 registries). However, quality, scope, and capacity of many registries are limited (10).  
 
Other options to connect patients and increase feasibility of research in sized-enough 
populations include patient networking and self-organization. EURORDIS is a non-
governmental patient-driven alliance of patient organizations representing 808 rare disease 
patient organizations in 70 countries, giving voice to 30 million people affected by rare diseases 
throughout Europe. Patient organizations represent a key stakeholder to increase awareness on 
active research and to connect researchers with patients, easing access to recruitment into 
clinical trials (11,12). Similarly, recently patient groups from all over Europe have come 
together to launch a new coalition, Syndromes Without A Name (SWAN) Europe, uniting 
European and national patient organisations to support and empower families affected by 
syndromes without a name. The initiative is focused on providing a forum for sharing 
information and providing a point of contact for stakeholder engagement across Europe. Such a 
patient-driven initiative may serve as a platform to increase feasibility of better diagnosis and 
access to relevant clinical research (13). 
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Small and heterogeneous patient groups  
 
The randomized controlled trial (RCT) is considered the gold standard for establishing efficacy 
in a research setting. This design literally implements the scientific method by prospectively 
comparing the effects of a given intervention as the only difference between two a priori 
identical groups, allowing concluding on potential causality of a given treatment on patient 
outcomes. Through randomization minimizes selection bias and equally distributes potential 
confounders, known and unknown, between study groups. Blinding minimizes the potential for 
confusion or bias due to patient and investigator expectations. Together, randomization and 
blinding have the potential to limit investigator and participant bias in outcomes assessment. 
Use of controls will strengthen trial design by addressing concerns regarding clinical variability 
(14). 
 
Despite there is consensus on the fact that randomized clinical trials are the gold standard to 
obtain evidence on efficacy and safety of new treatments, several authors have found that the 
pivotal studies for orphan drug approvals were more likely to be smaller, use non-randomized, 
unblinded trial designs, and less likely to use placebo control. Most pivotal studies for orphan 
drugs are single arm designs and use surrogate endpoints to assess efficacy, and only rarely 
apply alternative trial designs that may be appropriate to methodologically manage uncertainty 
in exceptional situations with limited sample size: a survey in ClinicalTrials.gov showed that 
Bayesian methods and adaptive randomization, although recommended in the relevant EU 
guidelines are uncommonly used (15–17). 
 
The classic clinical trial design, almost universally used to detect small therapeutic effects for 
treatments aimed to common diseases, requires large sample sizes and consequently is costly 
and time-consuming. Large samples are less feasible in rare diseases, and controlled designs and 
randomization can prove to be difficult with rare diseases when a reasonable therapeutic 
alternative does not exist (15–17). 
 
In rare diseases, many of which are paediatric and cause a shortened lifespan (18), there are 
ethical concerns about placebo-controlled trials.  Parents may be reluctant to enroll their child in 
a trial where he or she may receive a placebo rather than the intervention under study. Balanced 
against the clinical researcher’s desire to maintain equipoise is a likely assumption by hopeful 
families of an expected clinical benefit, regardless of the fact that this is yet to be proven. In a 
rapidly progressing fatal disease, there is perhaps greater urgency on the part of parents to 
ensure their child is exposed to an active treatment condition, before the possible window of 
therapeutic opportunity is lost (19). 
 
By necessity, clinical trials in rare disorders enroll small samples. In combination with high 
inter-individual variability in clinical course observed in many rare diseases, this diminishes a 
study’s power. Consequences of suboptimal designs include impaired robustness of the 
evidence on clinical efficacy and safety, thus increasing the degree of inference applied to 
decision making, and the degree of empiricism in clinical practice. Besides, the assumption of 
efficacy based on weak evidence may nevertheless establish new standards of care, reducing the 
perceived need or willingness to develop better approaches, or defining reference treatments 
against whose any future therapy may compare with non-inferiority approaches. If such 
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comparisons are done to, in example, test marginal improvements such as more convenient 
posology, this may perpetuate uncertain or non-effective therapies for the disease (20). 
 
Because of that, while the complexity of performing clinical trials in orphan populations should 
be acknowledged, methodological designs should still strive to include blinding and 
randomization, which are among the hallmarks of high-quality clinical trial design (19–21).  
 
Recruitment issues due to rarity and patient dispersion 
 
Smaller prevalence and geographic dispersion imply difficulties in identifying and locating 
potential participant patients. Rare diseases affect very few people, and thus patients are often 
widely dispersed in geography, and are heterogeneous in disease subtype, symptoms, stages and 
exposure to prior treatment. This adds difficulties in finding enough patients who fit inclusion 
and exclusion criteria for a particular trial. Wide geographic dispersion may require either 
finding enough clinical sites with the required expertise or implementing measures for patient 
transport to clinical sites for assessment, inclusion and follow-up visits. Further, this would 
require developing research documents and product labeling in several languages, going through 
complex international regulatory procedures for trial authorization, and complex logistic 
arrangements, all of which may complicate trial protocol development and administration, data 
collection, outcomes measurement, thus increasing exponentially development costs.  
 
When studying an orphan disease, every single patient's participation is vitally important given 
limitations in patient availability, and the exceptional impact the data from a limited number of 
patients may have on program development. In that sense, eligibility criteria always influence 
the number of available subjects, and if artificially constrained in order to control heterogeneity 
and preserve the trial power, this would make recruitment even more difficult and reduce the 
likelihood of achieving database large enough as to obtain evidence of efficacy and safety. Strict 
inclusion criteria may also compromise external validity, so that evidences from a small but 
homogeneous trial may not be extrapolated to a larger network of representative patients with 
the same disorder (10).  
 
Other regulatory uncertainties of small trials  
 
For orphan drugs, the usual stepwise development in phases might not be so well defined and 
approval may be granted without a typical clinical trial program. Though it is specified that the 
minimum exposure requested for conventional drugs according to international regulations 
(International Conference on Harmonisation (ICH, E1A) does not always apply to orphan drugs, 
it is not defined what is expected. The size of a clinical database as defined by the ICH E1 is 
expected to characterise and quantify the safety profile of a drug over a reasonable duration of 
time, consistent with the intended long-term use of the drug, so that short-term event rates 
(cumulative 3-month incidence of about 1%) and rare adverse events occurring in more than 1 
in 1,000 patients(22).Thus, not meeting the intended sample size as defined by ICH E1 means 
that clinical safety evidence may deal with greater uncertainty in rare diseases than in 
conventional and more prevalent diseases, in contradiction to the official statement in the 
European Regulation on OMP “patients suffering from rare conditions should be entitled to the 
same quality of treatment as other patients” (23). 
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Small prevalence is a solid argument against following the rule on size of the product clinical 
database, since lack of enough affected patients prevents to reach the relevant numbers, but 
while such an argument allows flexibility for individual features of unique drug applications 
based on scientific judgment, otherwise it causes uncertainty at the time of establishing an 
appropriate risk/benefit assessment. Further, this leaves drug manufacturers without guidance 
on what to provide with the approval package, particularly when not prior experience does exist 
on relevant aspects of the study design as relevant as the selection of a relevant primary 
endpoint (PEP) for the demonstration of efficacy, increasing investing risk (24). The so called 
procedure of Scientific Advice, offered by the EMA, may in part cover the lack of regular 
guidance for a given clinical situation, improving the predictability of future regulatory 
requirements and acceptability of particular approaches (25,26). 
 
Early regulatory advice may reduce the development risk for the industry, but though useful, 
those scientific recommendations given in advance are not binding to the final regulatory 
reviewer (25). Lack of binding policy regarding specific regulatory requirements for approval 
of orphan drugs is a risk perceived both by the industry and advocacy groups (27). 
 
All these challenges account for the high cost of orphan drugs developments. The whole process 
to complete the discovery and development process for any type of drug could last an average of 
12-13 years. A big capital investment is needed and only a few projects will finally succeed. 
The process is characterized by high investment requirements and high risk of failure, both 
before reaching the market and even after the marketing approval. For OMP this should be 
considered in the context of a low number of patients affected, which in addition to the previous 
limitation supposes a reduced market size for an OMP, limiting the potential for return of 
investment. In that sense, in the EU the maximum market size for a particular rare disease 
would be 257,850 patients to be treated; this number was taken into account as an estimation of 
potential lack of commercial interest at the time of the definition of the EU threshold to consider 
that a given treatment is deemed an Orphan Drug Designation (ODD)(23,28). 
 
These particularities explain why orphan drugs development pose unique challenges, mostly 
due to the logistical difficulties of working with small patient population widely geographically 
dispersed, added to the fact that often OD are serious and debilitating conditions with limited or 
not at all treatment options available. In spite of the advances made during the past years, and a 
growing interest of pharmaceutical companies in the increasingly profitable field of rare 
diseases, recent analyses conclude that difficulties in orphan drug development persist (29). 
 

2.3 The legal framework of orphan medicinal products 
 

As commented above, drug development for rare diseases is often limited by the prohibitive 
cost of investing in an original pharmaceutical agent as compared to the limited profit potential 
given by the small patient size per rare disease indication. Under human rights principles, the 
EU regulation recognizes that patients with rare diseases have equal rights to medicines as other 
patients with more prevalent disease (e.g. diabetes). They should not be excluded from gaining 
benefits from medical advances just because of the rarity of their illness, nor should be exposed 
to treatments with lower standards of quality, efficacy nor safety (23). 
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In this context, many governments and authorities have established legislations, regulations and 
policies to encourage the research and development of orphan drugs and to address licensing 
regulations and pricing and reimbursement of these drugs; such economic and regulatory 
incentives are important public health decisions (30–32). 
 
The concept of the orphan drug was introduced in the USA in 1983. The US Orphan Drug Act 
encourages investment in rare disease research by giving a product an additional period of seven 
years of market exclusivity, as well as tax credits and other incentives for any money spent on 
this type of research. To qualify as an orphan drug, the disease must affect fewer than 200,000 
Americans. A similar legislation to the one of US did not appear in Europe until 2000 when the 
‘orphan medicinal product’ category was introduced (33). 
 
The first EU legislation related to orphan drugs was Regulation (EC) No 141/2000 (the Orphan 
Regulation) (23), approved on 16th December 1999 and entered into force on 22 January 2000. 
This regulation establishes 3 main aspects:  
 

1. It lays down the EU procedure for designation of orphan medicines. To qualify 
for orphan designation, a medicine must meet the following criteria:  

 
a) it must be intended for the treatment, prevention or diagnosis of a disease that 

is life-threatening or chronically debilitating;  
 

b) the prevalence of the condition in the EU must not be more than 5 in 10,000, or it 
must be unlikely that marketing of the medicine would generate sufficient returns to 
justify the investment needed for its development; 

 
c) also no satisfactory method of diagnosis, prevention or treatment of the condition 

concerned can be previously authorized, or, if such a method exists, the medicine 
must be of significant benefit to those affected by the condition. 

 
2. It defines incentives for the development and placing onto the market of 

designated orphan medicines. This includes a special form of scientific advice for 
orphan drugs called Protocol Assistance, available at a reduced charge for 
designated orphan medicines, that depends on the status of the sponsor, access to the 
centralized authorization procedure,  additional incentives for small, medium-size 
enterprises, fee reductions, priority to access grants and additional incentives from 
Member States, as well as the most attractive incentive, i.e. the 10-year market 
exclusivity protecting against competition from similar medicinal products, which may 
be extended 2 additional years if data on the paediatric population according to an 
agreed Paediatric Investigational Plan (PIP) are provided.  

 
3. It establishes a new Committee within the EMA, the Committee for Orphan Medicinal 

Products (COMP), responsible for evaluation applications for ODD. 
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Subsequently, Commission Regulation (EC) No847/2000 of 27 April 2000 (34)was approved to 
establish provisions for implementation of some articles included in the Regulation141/2000 
(specifically articles 3 and 8). The document assists all stakeholders in the interpretation of the 
following aspects of the EU Regulation: 
 

• Criteria for designation of a medicinal product as an OMP. These consider the 
prevalence of the medical condition treated, the potential return on investment, the 
description of methods of diagnosis, prevention and treatment, and general provisions. 
 

• Definitions of the concepts “significant benefit”, “similar medicinal product” and 
“clinical superiority”. 
 

After this date the sponsors began to submit the applications to obtain an ODD. 
 
These two regulations are the major legal basis to foster impulse on research and development 
of medicines for rare diseases in the EU. Additional legislations have been approved later on, 
which have different degrees of implications on the regulation of OMP. Regulation (EC) No 
726/2004(25)determines that all marketing authorisations for orphan medicines in the EU 
should follow the centralized authorisation procedure. This implies a single marketing 
authorisation to EMA, a single scientific assessment and recommendation carried on by the 
Committee for Human Medicinal Products (CHMP) of the EMA, and finally a single marketing 
authorisation granted by the EC valid in all EU member states and the European Economic Area 
(EEA) countries. Regulation (EC) No 507/2006(35), approved on March 2006,provides the 
legal framework for the granting of a conditional marketing authorisation (CMA) to medicines 
that fall within the scope of Regulation (EC) No 726/2004. It establishes that orphan 
medicines can be granted a CMA within this legal framework. Regulation (EC) No 1901/2006 
(36)approved on December 2006, also known as paediatric regulation, included a 2-year 
extension of the market exclusivity period for orphan medicines which fulfill the requirements 
for generation of data regarding their potential use in paediatric population. Finally, Regulation 
(EC) No 2049/2005(37)  approved on December 2005, established that the Scientific Advice 
procedure requested by small, medium-size enterprises for OMP designated by the COMP 
would be fully free of charge (37). 
 
All these legislations have entered into force during the last 18 years and constitute the legal 
framework adopted in the EU to promote and facilitate the development of OMP. Published 
reviews have shown that an important portion of orphan medicines are developed by small to 
medium-sized enterprises, explaining why these incentives have generally been regarded as 
being successful in stimulating the development of medicines for rare diseases (38). 
 
At present, many countries in the world have in place their own regulations and policies for 
orphan drugs. Because rare diseases are a global issue, collaboration among international 
regulatory partners on the designation and assessment of orphan medicines, is critical to 
facilitate orphan drug developments. 
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2.4 Marketing authorization of orphan medicinal products in Europe 

2.4.1 Evaluation process 
 

The regulatory process for OMP starts with an ODD application. The ODD application is 
evaluated by the COMP. To obtain and maintain ODD, specific criteria need to be fulfilled, 
such as the life-threatening and/or seriously debilitating nature of the disease and a 
demonstration of its prevalence. In addition, the proposed medicine should be medically 
plausible and there should either be no available treatment, or the new medicine should be able 
to demonstrate significant benefit over existing treatment options. Significant benefit is defined 
in Regulation (EC) 847/2000 (34) as a clinically relevant advantage or a major contribution to 
patient care. The ODD is granted on preliminary data that support an assumption of significant 
benefit. An ODD does not mean nor assure a marketing authorisation, but the Company can 
benefit from incentives such as scientific advice on study protocols, various fee reductions and 
access to EU grants.  
 
Orphan-designated medicines that reach the marketing authorisation application (MAA) stage 
are evaluated by EMA's CHMP using the same strict quality, safety and efficacy standards that 
apply to all medicines evaluated by the EU regulatory network. Following the scientific 
assessment of the application, the CHMP will determine whether the medicine meets the 
necessary quality, safety and efficacy requirements and that it has a positive benefit-risk 
balance. Based on the outcome of this assessment, the CHMP gives a recommendation to the 
EC on whether the medicine should be marketed or not. A marketing authorisation granted by 
the EC is valid in all EU Member States as well as in the EEA countries Iceland, Liechtenstein 
and Norway. 
 
In accordance to the Orphan Regulation (EC) No 141/2000(23), a marketing authorisation for 
any medicinal product (orphan or non-orphan) can only be granted provided that no similar 
OMP are currently under market exclusivity protection for the same therapeutic indication. If 
this were the case, the Applicant will need to submit a similarity report addressing the possible 
similarity between the new medicinal product and the OMP(s) under market protection. If based 
on the mechanism of action, and/or the molecular structure and/or the therapeutic indication, the 
new medicinal product were considered similar to any of the marketed products under market 
protection, the CHMP could only recommend the marketing authorisation of the new product 
provided that one of the derogations provided for in Article 8(3) of the Orphan Regulation (EC) 
No 141/1200 claimed by the applicant applies (i.e. the holder of the marketing authorisation for 
the original OMP has given his consent to the second applicant, or the holder of the marketing 
authorisation for the original OMP is unable to supply sufficient quantities of the medicinal 
product, or the second applicant can establish in the application that the second medicinal 
product, although similar to the OMP already authorized, is safer, more effective or otherwise 
clinically superior). Otherwise, the CHMP will reject the MAA regardless of the quality, safety 
and efficacy data of the new medicinal product.  
 
In parallel, the COMP will re-evaluate whether the medicine with a CHMP positive opinion 
continues to meet the criteria for maintaining its orphan status. The sponsor will need to submit 
a report of maintenance of the orphan designation in parallel to the MAA (or extension of an 
existing marketing authorisation), including data on the current prevalence of the condition to 
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be diagnosed, prevented or treated, or the potential return on investment, the current life-
threatening or debilitating nature of the condition, the current existence of other methods for the 
diagnosis, prevention or treatment of the condition and, if applicable, a justification of the 
medicine's significant benefit. Based on the data available at the time and on the sponsor's 
report, the COMP will determine whether the medicine can maintain its status as an orphan 
medicine and benefit from market exclusivity (39). 
 
Orphan-designated medicines that eventually make it to the market, and for whom it can be 
demonstrated that they maintain the criteria for the designation, are granted 10 years of market 
protection.  
 
The spirit of the orphan legislation is to promote the development of novel therapies for rare 
conditions. Data recently published by the EMA concerning ODD and orphan drugs marketing 
authorisation figures since 2000 up to the end of 2017 support the success of the EU policies. 
Indeed, the number of designations has continuously increased since 2000 and, as of the end of 
2017, more than 1,900 designations had been granted by the EC. Approximately 40% of 
designations were for conditions with a prevalence of less than 1 in 10,000 people in the EU, 
with 13% of the designations for purely paediatric diseases (40). 
 
By the end of 2017, 142 orphan medicines had been authorized in the EU (plus 20 extensions of 
the indication of previously authorized medicinal products) that could be considered to have 
benefitted from the orphan incentives. This includes withdrawals from the register of OMP, the 
register of medicinal products for human use, and expired orphan status. These total 
162authorisations represent a total of 111 different rare conditions with more than 40% being 
authorised in the area of oncology, followed by alimentary tract and metabolic diseases (19%). 
As with the designations, almost half (49%) of the authorized products are for diseases with a 
prevalence of less than 1 in 10,000 (40). 
 

2.4.2. Marketing authorization under special conditions 
 
The EU Regulation has provisions for the early access to medicines that address unmet medical 
needs of patients. In the interest of public health, applicants may be granted a “special” 
marketing authorisation for these medicines based on less comprehensive data than normally 
required where the benefit of immediate availability outweighs the risk of this limited evidence. 
These tools are the conditional marketing authorisation and the authorisation under exceptional 
circumstances (41).  
 
Conditional marketing authorisation 
 
The CMA is established in Regulation (EC) No 507/2006 and is intended for medicines that 
address an unmet medical need, and that target seriously debilitating or life-threatening diseases, 
rare diseases, or is intended for use in emergency situations in response to a public health threat. 
This tool allows for the early approval of a medicine on the basis of less complete clinical data 
than normally required. However, these medicines are subject to specific post-authorisation 
obligations that aim to obtain complete data on the medicine to, ultimately, recommend a full 
marketing authorisation if the complete data confirms that the benefits of the medicine outweigh 
the risks.  
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A CMA may be granted if the CHMP finds that all the following requirements are met: 
 

• The benefit-risk balance of the product is positive. 
 

• It is likely that the applicant will be able to provide comprehensive data. 
 

• Unmet medical needs will be fulfilled. 
 

• The benefit to public health of the medicinal product's immediate availability on the 
market outweighs the risks due to need for further data. 

 
CMA is valid for one year and can be renewed annually. Once comprehensive data on the 
product have been obtained, the marketing authorisation may be converted into a 
standard marketing authorisation (not subject to specific obligations). Initially, this is valid for 5 
years, but can be renewed for unlimited validity.  
 
The granting of a CMA will allow medicines to reach patients with unmet medical needs earlier, 
while ensuring that additional data on a product are generated, submitted, assessed and acted 
upon. 
 
Authorisation under exceptional circumstances 
 
A marketing authorisation in absence of comprehensive data may also be granted 
under exceptional circumstances. Unlike CMA, where marketing approval is granted in the 
likelihood that the sponsor will provide such data within an agreed timeframe, authorisation 
under exceptional circumstances can be granted when comprehensive data cannot be obtained 
even after authorisation. This authorisation route normally does not lead to a standard marketing 
authorisation. 
 
The legal basis for the marketing authorisation under exceptional circumstances is the Article 14 
(8) of the Regulation (EC) No 726/2004, and the relevant documentation for applications 
in exceptional circumstances are laid down in Part II of Annex I of Directive 2001/83/EC, as 
amended (25,35). It is only valid for medicinal products for which the applicant can 
demonstrate in this application that he is unable to provide comprehensive data on 
the efficacy and safety under normal conditions of use, because: 
 

• The indications for which the product in question is intended are encountered so rarely 
that the applicant cannot reasonably be expected to provide comprehensive evidence,  

 
or 
 
• in the present state of scientific knowledge, comprehensive information cannot be 

provided, 
 
or 
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• it would be contrary to generally accepted principles of medical ethics to collect such 
information. 

 
Consequently, the authorisation under exceptional circumstances is granted subject to a 
requirement for the applicant to introduce specific procedures, in particular concerning the 
safety of the medicinal product, notification to the competent authorities of any incident relating 
to its use, and risk minimization actions to be taken. 
 

2.5. Regulatory uncertainties of the approval of OMP in EU 
 
Scientific evidence that support the MAA for an orphan drug has in general lower quality than 
that of non-orphan medicines (15–17).  The lower the robustness of the evidence the higher the 
level of uncertainties with which a decision must be taken. 
 

2.5.1. Heterogeneity in assessment criteria 
 
In the absence of specific EU scientific guidelines for the clinical evaluation of new medicinal 
products for the treatment of the vast majority of rare conditions, often less than comprehensive 
data and/or lower quality than normally required are submitted as the main support for a MAA. 
The limited experience from regulators when dealing with new unexplored fields, 
considerations on unmet needs and feeling of emergency to offer solutions to the medical 
condition and the relative methodological weakness and inferential value of the data, all 
together may explain the huge heterogeneity in the interpretation of the available evidence 
across the different decision-makers. The robustness and validity of data are key factors for the 
interpretation of the evidence, so that the lower the robustness of the evidence, the higher the 
level of uncertainties and subjectivity in the assessment and decision making. If the level of 
uncertainties is too high, this may end up in the rejection of the marketing authorisation due to 
difficulties in making a proper benefit/risk balance. In less extreme cases, a positive benefit/ risk 
balance might be concluded, but the relevant uncertainties identified will need to be addressed 
during the post-marketing, which implies a huge burden for companies and regulators. Thus, 
reducing the uncertainties may facilitate the decision-making process for OMP at different 
levels in the access to market. 
 

2.5.2. Amount and quality of data 
 
To assess the level of uncertainty in regulatory decision-making for OMP a revision of the 
current basis for approval is needed.  
 
The type of evidence and characteristics of the clinical trials that support marketing 
authorisations for OMP have been recently described in a systematic review conducted by our 
group (42). The revision included a total of 125 dossiers from authorized OMP published 
between 1999 and 2014 on the EMA website and provides an insight into the current regulatory 
standard. In brief, the results showed that up to 88% (110/125) of OMP authorisations were 
based on clinical trials, with 35% (38/110) including replicated pivotal trials. The mean (SD) 
number of pivotal trials per indication was 1.4 (0.7), and the EPARs included a median of three 
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additional non-pivotal supportive studies. Ten percent of EPARs (13/125) were authorized in 
spite of negative outcomes from pivotal trials. One-third of trials (53/159) did not include a 
control arm, one-third (50/159) did not use randomization, half the trials (75/159) were open-
label, and 75% (119/159) used intermediate or surrogate variables as the main outcome. The 
study concluded that regulatory evidence supporting OMP authorisation showed substantial 
uncertainties, including: 
 

• Weak protection against errors, due to small and inadequately dimensioned and 
powered trials that increases the risk of falsely concluding on relevant efficacy. 
 

• Substantial use of designs unsuited for obtaining conclusions on causality, mainly due 
to frequent use of uncontrolled designs that are susceptible to many potential biases and 
confounding, and thus also increasing the risk of overestimation of treatment efficacy. 
 

• Use of intermediate variables, lacking proven translation of any observed effects into 
relevant effects on clinical outcomes, and increasing again the risk of efficacy 
overestimation. 
 

• Lack of apriorism, with new approaches to study analysis that may be data driven, thus 
increasing the risk of bias and highlighting of chance findings that may lead to 
overestimation of effects.  
 

• Insufficient safety data, impairing the ability to quantify risks of relevant magnitude.  
 
The results of this revision were consistent with previous findings and highlight the existence of 
numerous and important areas of uncertainty at the time of regulatory decision-making on 
OMP(43). 
 

2.6. Regulatory actions aimed to improve orphan drug development 
 
Besides the inherent difficulties encountered when conducting clinical trials in small 
populations, there is data indicating that the pivotal studies which are considered the basis for 
the OMP marketing authorisation, exhibit sometimes methodological flaws, consequently 
leading to a need for more demanding regulatory process and assistance to the sponsors (43). 
 
In order to increase the success of the development (24), and thus the availability of treatments 
for rare diseases, the EU regulatory network provides advice to sponsors. Advice to product 
development can be given on a case by case basis, through the scientific advice procedure. 
Alternatively, general advice for frequently asked questions or aspects on product development 
can also be given through the issue of scientific guidelines (26). 
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2.6.1. Scientific advice and protocol assistance 
 
Scientific advice is a regulatory procedure where the EU Regulatory Agencies (EMA or 
National Agencies) give advice to a developer on the appropriate tests and studies to be 
conducted for the development of a medicine. At EMA level, scientific advice is given by 
the Committee for Medicinal Products for Human Use (CHMP) on the recommendation of 
the Scientific Advice Working Party (SAWP) (26). 
 
Scientific advice 
 
Scientific advice helps to ensure that developers perform the appropriate tests and studies, so 
that no major objections regarding the design of the tests are likely to be raised during 
evaluation of the MAA. Major objections can significantly delay the marketing of a product, 
and, in certain cases, may result in refusal of the marketing authorisation. So, scientific advice is 
a regulatory initiative aimed to reduce the risk of failed developments by supporting 
development programs and early dialogue. Following the Agency’s advice increases the 
probability of a positive outcome (26,40).  
 
The advice is given in the light of the current scientific knowledge, based on the documentation 
provided by the medicine developer. Scientific advice is prospective in nature. It focuses on 
development strategies rather than pre-evaluation of data to support a MAA. Developers 
of orphan medicines can receive answers to questions related to the criteria for authorisation of 
an orphan medicine. These include: 
 

• The demonstration of significant benefit within the scope of the designated 
orphan indication. 
 

• Similarity or clinical superiority over other medicines. This is relevant if other 
OMP exist that might be similar to the product concerned and which have market 
exclusivity in the same indication.  

 
Scientific advice received from the Agency is not legally binding on the Agency or on the 
medicine developer with regard to any future MAA for the medicine concerned (44).  
 
Protocol assistance 
 
One of the incentives offered in the EU for medicines that have been granted an orphan 
designation by the EC is the so called Protocol assistance, a form of scientific advice for orphan 
medicines. This allows sponsors to get answers to their questions on the design of studies 
needed to demonstrate the medicine's quality, benefits and risks, identical to the normal 
scientific advice.  
 
Protocol assistance is available at a reduced charge for designated orphan medicines, linked to a 
fee-reduction scale that depends on the status of the sponsor. There is no restriction on the 
number of times a sponsor can request protocol assistance. 
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Parallel EMA-FDA advice 
 
Because rare diseases are a global issue, collaboration among international regulatory 
partners on the designation and the design of development programs for orphan medicines, is 
critical to facilitate orphan drug developments. To this aim, there exists the possibility to seek 
parallel scientific advice from the two main regulatory agencies (EMA and FDA), so that joint 
discussions with both regulatory bodies at an early stage of development may allow to align 
requirements and to generate evidence able to satisfy the requirements from both regulatory 
bodies (45). 
 
Parallel consultation with regulators and health technology assessment (HTA) bodies 
 
In addition, the CHPM-SAWP offers consultations in parallel with European Network for HTA 
Agencies (EUnetHTA) (46). While the main focus of the regulatory assessment is to obtain 
evidence enough on the benefits and risks of the intended use of the drug to support the 
marketing authorisation decision, the perspective of HTA is to obtain information enough on the 
therapeutic utility or the added value as to define the ideal therapeutic positioning of the 
innovative product and its economic value, in relation to already existing alternatives. The 
different perspectives often create difficult scenarios where a drug may be authorised for a given 
use, but the supportive data may not be appropriate to demonstrate added value of the new 
treatment, making patient’s access to the treatment difficult or not feasible (47). In Europe, the 
parallel EMA-HTA advice procedure allows an early interaction with sponsors, such that OMP 
developers can obtain feedback from regulators and HTA bodies on their development plans 
and their ability to generate the needed evidence for the regulatory and national health systems 
decision-making of new medicines at the very same time (45).  
 
The importance of making use of this regulatory incentive is illustrated by the analysis 
conducted by Matthias P. Hofer at al. (40), on the factors determinant for orphan marketing 
authorisation outcome. The analysis was conducted on the experience gained with orphan 
marketing authorisation from the first 14 years of the orphan EU regulation. The data showed 
that there was a higher likelihood for MAA success when sponsors received and complied with 
recommendations on the clinical development (in particular, primary efficacy endpoint, 
comparator, and statistical methodology) compared with sponsors that were noncompliant with 
scientific advice recommendations (80% versus 36%). The other factor was the company size; 
MAA submitted by small companies were found to be less successful regarding the outcome of 
CHMP evaluation compared with MAA submitted by medium-sized and large companies 
(small: 54%, medium: 76%, large: 79%). This could be explained by the lower regulatory 
experience, less use of the EU incentives like scientific advice/protocol assistance, and a high 
trend to solve the challenges faced during orphan drugs development with the use of smaller 
clinical development programs than those used by large companies.  
 
The strong association between compliance with scientific advice recommendations on clinical 
trial design and marketing authorisation success for orphan drugs confirms the importance for 
developers of orphan medicines to take advantage of the EU orphan incentive system and 
engage in early regulatory dialogue. 
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2.6.2. Scientific guidelines 
 
The EMA's CHMP prepares scientific guidelines in consultation with regulatory authorities in 
the EU Member States, to help applicants prepare MAA for human medicines. These guidelines 
reflect a harmonized position of the EU Member States and the EMA on how to interpret and 
apply the requirements for the demonstration of quality, safety and efficacy set out in the 
Community directives (48). 
 
Several scientific guidelines with recommendations to support applicants and/or sponsors with 
the overall pharmaceutical product development, as well as the nonclinical and clinical studies 
of a product intended to be used in humans, have been redacted over the years within the EU 
Regulatory Network. Those are related to specific scientific issues reflecting a harmonized EU 
approach on the investigation and are based on the most up-to-date scientific knowledge (48). 
Adopted guidelines are subjected to a periodic maintenance and revision based on relevant 
changes in scientific knowledge and/or regulatory experience.  
 
In general, the relevant parties (i.e. applicants, sponsors, manufacturers) must take under 
consideration and follow these scientific guidelines for the preparation of their applications for 
marketing authorisation; otherwise, deviations from the guidelines must be appropriately 
justified. Guidelines are also useful for assessors during the evaluation of MAA. Adherence to 
scientific guideline recommendations will facilitate the procedures of assessment, approval and 
control of medicinal products in EU. 
 
Among the guidelines that have come into effect in the EU until now, several of them relate to 
the status of rare diseases and OMP, e.g. the guideline on clinical trials in small populations 
(49); however, many gaps in guidance regarding this research field are still responsible for a 
high number of questions addressed to EMA. Seek of scientific advice for topics like the 
limitations imposed by the rarity of the disease and the collection of comprehensive data on 
safety and efficacy, or the acceptability of alternative designs remains high when a potential 
OMP is under investigation (50).  
 
Therefore, it is important to ensure that appropriate advice is available for the development of 
medicinal products for orphan conditions through EMA guidelines. Nevertheless, the actual 
extent and availability of EMA guidance on this topic, and whether there is still room for 
improvement has not been systematically reviewed. 
 

2.7. Need for new methodological approaches for clinical trials 
 
Randomized controlled trials (RCT) are considered the reference standard in clinical research. It 
is a solid, intuitive and robust design that allows drawing consistent and reliable conclusions on 
causality, provided that the study is conducted in accordance to a previously authorized and 
well-designed study protocol (14). RCT is the preferred design for regulators also because it 
allows minimizing the risks for the public health that a high type I error might have. Thus, it is 
also the preferred study design for companies during clinical drug development as long as it 
satisfies regulatory requirements (51).  
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However, RCT are criticized for being costly (in terms of number of patients required), long-
lasting (given that patients should stay until all patients complete the study), inflexible (due to 
the fact that design parameters, often chosen with uncertainty, are not rechecked until the end of 
the trial, and also because the information is no used as it is gathered, but only at the end of the 
trial), and finally, it constitutes a stand-alone evidence (as long as prior available information is 
only used for sample size calculation but otherwise disregarded).  
 
These limitations make the conduct of large RCT rather challenging, particularly when dealing 
with small populations, like those affected by OD and children. However, even in these 
situations, the EU guideline on small populations clearly states that limited evidence from a 
small high quality clinical trial is better than no data at all (20,49). 
 
The prior limitations of small clinical trials can be addressed by making the best use of available 
patients throughout measures aimed to maximize recruitment, keeping long trials simple to 
reduce drop outs, identifying components of variance and minimizing them, measuring all 
relevant endpoints, and optimizing study designs. When measures aimed to increase the 
efficiency of clinical trials are not enough, and controlled evidence is not feasible to be 
obtained, the regulatory assessment may accept approaches that relax statistical requirements 
like e.g.  relaxing the probability of type I error or by using historical controls, provided that 
patients’ interests are duly protected.  
 
There are different ways to optimize study designs without compromising the generation of 
reliable, clinically relevant interpretable results. All of them rely on the premise that RCT, even 
if severely underpowered, are better than series of cases.  
 
They might be classified into 4 categories based on the main consequence of its 
implementation:   
 

• Designs aimed to optimize sample size: cross-over designs and enriched studies are 
methods used to minimize intersubject variability and maximize the expected 
differences between study groups, respectively, and thus reduce the number of patients 
needed to reach conclusions.   
 

• Designs aimed to shorten study duration by the use of sequential designs, which 
analyze data as acquired and allows taking decisions as soon as evidence supports 
efficacy/futility, avoiding unnecessary experimental exposures. 
 

• Designs aimed to redefine and correct study designs to maximize efficiency and 
minimize risks derived from deviations from wrong initial assumptions. Adaptive 
designs allow corrections to different aspects of the study design using acquired 
information generated during the study conduct.  
 

• Designs aimed to integrate results throughout the use of Bayesian methods or 
modelling, allow incorporating previous information and making inferences taking 
profit of all the available knowledge. 

 



INTRODUCTION  

 

42 

 

There are no specially recommended methods for the design, carry out or the analysis of clinical 
trials in small populations. The designs outlined may represent different approaches to increase 
the efficiency of clinical trials. These methods can help in addressing many of the challenges 
posed by clinical developments of orphan drugs and are relevant to small clinical trials but also 
applicable to large studies.  
 
The need for statistical efficiency should in all cases be weighed against the need for clinically 
relevant/interpretable results; the latter being the most important. However, relaxing statistical 
requirements should be left as a very last resource, when obtaining controlled evidence on the 
efficacy and safety of a new treatment is not possible by any other mean (52). 
 

2.8. Development of alternative methods 
 
Most statistical design and analysis methods for clinical trials, including those that might be 
more suitable for reduced samples, have been developed in the setting of confirmatory trials 
with relatively large sample sizes. Results obtained with these methods in wide populations may 
not be similar when applied to evaluate therapies in small populations. However, situations 
where limited number of patients could potentially be enrolled in the trial, raise specific 
statistical challenges and can lead to poorly designed studies and slower marketing approval of 
orphan drugs (53). 
 
In the light of these challenges, in 2013 the EC sat up a unique call for new methodologies for 
clinical trials for small population groups within the FP7-HEALTH-2013-INNOVATION-1 
framework (54). The objective of the research was to develop new or improved statistical 
methodologies for clinical trials for the assessment of treatments for small population groups, in 
particular for rare diseases or personalized (stratified or individualized) medicine. Research was 
expected to be multidisciplinary and involve all relevant stakeholders including industry and 
patient advocacy groups as appropriate. 
 
ASTERIX (Advances in Small Trials dEsign for Regulatory Innovation and eXcellence,  FP7 
HEALTH 2013 – 603160 (55)) is one of the 3 multinational projects funded by the EC with the 
aim to develop innovative approaches to adapt and assess clinical trials on small populations 
and rare diseases. The objectives of the ASTERIX Project were to develop design and analysis 
methods for single trials and series of trials in small populations, include patient-level 
information and perspectives in design and decision making throughout the clinical trial 
process, and to validate new methods and propose improvements for regulatory purposes.  
 
Other 2 projects were IDEAL (Integrated Design and Analysis of small population group trials, 
FP7 HEALTH 2013 – 602552) (56) and InsPIRe (Innovative methodology for small population 
research) (57). The objective of the Ideal research was to produce methods of general 
applicability irrespective of indication by Integrated DEsign and AnaLysis of clinical trials in 
small population groups (IDeAl) through a multidisciplinary closely collaborating consortium 
of researchers from European universities, research institutes and industry. The Ideal 
consortium focused on assessment of randomization procedures, extrapolating dose-response 
information, investigation of adaptive designs, optimal designs in mixed models, 
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pharmacogenetics designs, simulation of clinical trials, genetic factors influencing the response, 
decision analysis and biomarker surrogate endpoints (58).  
The Inspire Project was focused on Bayesian and decision-theoretic methods that formally 
enable comparison of the gain in information with the cost, both in economic and opportunity 
terms, of clinical experimentation, and assess how information from outside the trial can 
formally be incorporated in the design and decision-making processes (59).  
 
The Universidad Autónoma de Barcelona collaborated as a partner in the ASTERIX Project, 
leading Working Package 5 (WP5), which was dedicated to the assessment of the applicability 
of the new methods developed within the project, and to provide a set of regulatory 
recommendations (55). 
 

2.9. Justification of the project 
 
The methodological approaches to study new treatments for rare diseases struggle with the need 
to conclude efficacy and safety and the difficulties of achieving statistical demonstration with 
conventional statistics in small populations (49). The EU legislation determines that market 
access to new treatments requires the same level of evidence for rare and highly prevalent 
diseases (Regulation (EC) 141/2000) (23). While patient’s safety and best interests lead these 
provisions, these may delay the access to new or improved therapies for orphan rare disease 
populations and pose difficulties to developers that may discourage the research of new 
treatments.  
 
A number of alternative methodologies have been developed in the last decades aimed to deal 
with the assessment of evidence in small populations (60). However, obstacles to their wide 
implementation into research in orphan or rare diseases have included the lack of predictability 
of regulatory requirements and the fact that alternative approaches may be regarded from the 
regulatory point of view as not compliant with standard evidence requirements (61). On the 
other hand, a number of reviews of the amount and quality of evidence that supported regulatory 
decisions on OD have been published in past years, and the potential risks of accelerated 
approval procedures based on limited data have been repeatedly highlighted (15,62,63).  
 
However, the applicability of the novel methodologies to the development programs in orphan 
conditions and the added value that these may have on the outcomes of regulatory evaluations 
when standard versus alternative approaches are applied to the same clinical situation have not 
been systematically evaluated. Applying novel methods to real examples may help to 
understand the risks and benefits of innovative approaches and may help to fill the acceptance 
gap between conventional and alternative methodologies, potentially normalizing their use in 
certain situations.  
 
The present project was part of a collaborative European project funded by the EC (FP7-
HEALTH-2013-INNOVATION-1 Grant-Agreement No. 603160. “Advances in Small Trials 
dEsign for Regulatory Innovation and eXcellence (ASTERIX)) (55) aimed to develop new 
methodologies for clinical trials for small population groups to increase efficiency of 
development programs. The focus was placed on ensuring patient safety while speeding patient 
access to new therapies.  



INTRODUCTION  

 

44 

 

The ASTERIX project 
 
Our work in ASTERIX Project was integrated within that of six highly interactive and 
interdependent Work Packages (WPs) (64) (Figure 1). 
 

Figure 1. ASTERIX Project: Structure and Relationship between Working Packages 

 
 
Our Working Package (WP 5) had as a general objective to translate into clinical and regulatory 
recommendations the findings and results obtained by other Working Packages (WP2, WP3, 
and WP4). WP2 and WP3 were focused on statistical development of alternative approaches to 
the design or analysis of clinical trials in diseases characterized by difficulties to recruit enough 
subjects, and worked in collaboration with WP4, which was focused on integration of patient 
perspective into research. The project succeeded in obtaining a deepened insight in how 
methodology impacts assessment of evidence (65). 
 
The achievements included:  
 

• Guidance on stratification and minimization in clinical trials for rare diseases. 
 

• New methods to make optimal use of multiple endpoints. 
 

• New and improved adaptive designs, tailored to settings for rare diseases. 
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• New methods to incorporate information from previous trials in the design and analysis 
of trials for rare diseases. 
 

• Thorough understanding and recommendations for meta-analyses in case of a small 
number of small trials. 

 
• Utter understanding and development of evidentiary standards for individual trials and 

drug development strategies, including the importance of randomisation and alternative 
strategies for exceptional circumstances.  

 
A main challenge to reach the objective of translating these findings into clinical and regulatory 
recommendations was the lack of feasibility of issuing disease driven guidance, because of the 
huge number of existing orphan conditions. This problem was approached by proposing a 
clustering of rare conditions to structure the outcomes of other WPs of the ASTERIX project 
(42). This clustering aims to set a reference framework in order to offer specific methodology 
guidance, taking into account the clinical and methodological characteristics of any given 
orphan medical condition. In the proposed clustering the term condition is analogous to that of 
therapeutic indication and is not necessarily synonymous to disease; some diseases may have 
many conditions requiring different therapeutic approaches or interventions, which may require 
different methodological approaches to their study. The underlying principle is that the 
condition under investigation (i.e. the therapeutic indication sought for a given orphan disease), 
rather than the disease per se, is the key factor that determines the applicability of the different 
methodological approaches.  
 
The aim of creating this clustering of medical conditions was to set a bridge between the current 
situation, where only the adopted general guidance for trials in small populations (49) is 
available and, in the other extreme, the unrealistic scenario attempting to provide a specified 
guidance for each separate orphan disease. Thus, since the goal of the clustering was to guide 
the design of clinical development of new treatments, the clustering is referred to conditions, 
and not to diseases. 
 
The methodology and process for composition of the clusters has been previously described by 
our group (42,65) and is one of the main deliverables of WP5. Six disease clusters have been 
proposed (Figure 2). 
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Figure 2. Clustering of orphan and/or rare conditions based on clinical characteristics that determine the 
applicability of different research 

 
 
The present work was focused on validating the applicability and value of the newly developed 
methods and alternative analyses within ASTERIX Project, and to integrate statistical methods 
into regulatory recommendations for the design or analysis of clinical trials in medical 
conditions with low prevalence, as clustered based on characteristics that allow shared 
methodological approaches for regulatory and clinical research purposes. 
 
By doing so, we expected to improve guidance and ease the use in clinical research of newly 
developed methodologies, in order to reduce the uncertainty of clinical data supporting 
regulatory decision making and clinical practice in the field of rare diseases. 
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3.1. Hypothesis 
 
Alternative methodological approaches to the study of rare or OD can be applied to the clinical 
development of new treatments, which may shorten the period of drug development and reduce 
the patient needs while keeping integrity and robustness of results.  
 
Guidance to the application of such approaches to clusters of diseases or medical conditions 
sharing clinical characteristics determining the applicability of critical study design aspects may 
allow more specific regulatory guidance to researchers aiming to obtain a new marketing 
authorisation for medicinal products than those currently available. 

3.2. Objectives 

3.2.1. General Objectives 
 
The main objectives of this work are:  
 

• to validate the applicability of the alternative approaches developed within the 
ASTERIX Project to the design and analysis of clinical trials,  
 

and 
 
• to produce a set of recommendations on the applicability of new methodological 

approaches to the design and analysis of rare or OD based on the results obtained in the 
European project “Advances in Small Trials dEsign for Regulatory Innovation and 
eXcellence (ASTERIX)”, aimed to improve clinical trial guidelines both for regulatory 
purposes as well as for clinical researchers, by applying a clustering of medical 
conditions based on characteristics that allow shared methodological approaches. 
 

3.2.2. Specific Objectives 
 

1. Revision of available EU regulatory guidelines relevant for OD. 
 

2. Selection of examples from each cluster of conditions to be used for the applicability 
and simulation exercises, with an assessment of its representativeness within the cluster.  

 
3. Evaluation of the applicability of the methods developed within ASTERIX Project to 

the 6 clusters of medical conditions.  
 

4. Simulation of clinical developments applying novel methods to real examples and 
analysis of the regulatory impact with regards to potential advantages or disadvantages 
in terms of study duration, simple size, and ethical aspects.  

 
5. A proposal for a final set of basic recommendations to improve current EU guideline on 

clinical trials in small populations. 
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The methods presented in this section have been previously described and submitted to the EC 
as part of the follow up and final deliverables of WP5 of the ASTERIX Project (65).  
 
The work undertaken consisted of the evaluation of the applicability of the different 
methodologies and approaches developed by other Working Packages within the ASTERIX 
Project, to the six clusters of conditions developed by WP5. The applicability exercise was 
conducted in real life applications for marketing authorisation, based on data published in the 
EPARs. Other relevant methods identified outside of the ASTERIX project could be considered 
and tested, if deemed appropriate. 
 
Subsequently, simulations of alternative development plans applying the novel methods were 
conducted in selected cases within each cluster of conditions and the added value was assessed. 
Based on the outcome of these initial analyses, and after establishing the current availability of 
EU regulatory guidance for the development of drugs in OD, an attempt to provide a final set of 
recommendations as suggestion for implementation in guidelines was done.  
 
The task was structured following these steps:  
 

1. Revision of the available EU regulatory guidelines relevant for OD. 
 

2. Selection of the sample of EPARs for each of the six condition clusters.  
 

3. Evaluation of the applicability of the methods developed by other WPs.  
 

4. Assessment of the regulatory impact of the applicability of new methods to real 
examples (simulations). 

 
5. Final set of basic recommendations as a suggestion for implementation in guidelines. 

 

4.1. Revision of EU regulatory guidelines relevant for orphan diseases 
 

Some of the EU guidelines currently available relate to the status of rare diseases and OMP like, 
for example, the Guideline on clinical trials in small populations (49). However, many gaps in 
this research field are still responsible for a high number of questions addressed to EMA (50). 
Seek of scientific advice for topics like the limitations imposed by the rarity of the disease and 
the collection of comprehensive data on safety and efficacy, or the acceptability of alternative 
designs remains high in general and in particular when a potential OMP is under investigation. 
This would underline the need for further regulatory guidance. 
 
In order to accurately reflect the current situation, as a starting point in the exercise, the actual 
extent and availability of EMA guidance on the topic of OMP was analyzed. Thus, a systematic 
search of the available European regulatory guidance documents relevant to the development of 
new medicinal products for rare diseases was conducted to settle the current regulatory 
standards (48). A description and summary of the specific type of recommendations was done 
with the aim to identify any gaps or needs. This systematic review was deemed to enhance the 
effort of the WP5 within the framework of the ASTERIX Project and aimed to provide the basis 
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when proposing to the regulatory authorities an alternative approach with more specific and 
structured methodological recommendations for drugs targeting rare diseases that are under 
investigation. 
 
The systematic search for guidelines related to rare diseases and the clinical development of 
OMP investigation was performed by searching the EMA website between April 2016-August 
2017 (48). 
 
Three subcategories of scientific guidelines were checked: the one referring to clinical efficacy 
and safety, the one referring to clinical pharmacology and pharmacokinetics (PK), and the 
clinical efficacy and safety documents located in the pediatrics category of the multidisciplinary 
guidelines (Figure 3) (65). 
 

Figure 3. Search in EMA website for scientific guidelines 

 
 
 
The selection of the documents was conducted as follows:  
 

• A first identification of documents was based on the title, and in case of doubt the 
introductory part or the executive summary of each document was also consulted. 
 

• Guidelines/Notes for guidance, addendum, questions and answers, points to consider, 
position papers and reflection papers were all included. 
 

• Guidelines with title of warnings and core summaries of product characteristics and 
concept papers were not considered. 
 

• Other documents were also revised, and their inclusion was decided case by case. 
• The latest version that was in force was chosen. Efforts were also made to sift out the 

documents that were no longer into effect or had already been included in latest revision 
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of other documents. In case a guideline or a new version was in a draft stage, the 
research was focused on the draft, since often only minor modifications are done to the 
draft before the new version is adopted. 
 

After the selection, a review of the chosen guidelines was performed. The procedure included 
the following steps: 
 

• Documents in which a relation to the OMP investigation and to rare diseases was 
identified were subsequently categorised according to its general or specific 
applicability to OMP investigation. 
 

• Information related to the conduct of clinical trials, specifically for the development of 
OMP, was thoroughly sought. In particular, clear reference to rare diseases, 
clear/specific OMP recommendations on the type of studies (e.g. efficacy/safety, 
exploratory/confirmatory/PK), on the trial design (e.g. randomised, controlled, 
duration), endpoints (e.g. primary, secondary), selection of subjects (e.g. 
inclusion/exclusion criteria, number), as well as on statistical considerations (e.g. plan 
for analysis, covariates, interim analyses, sample size reassessment), safety(e.g. adverse 
events), and paediatric population (e.g. special plans for the study in children) 
considerations were sought out. Recommendations concerning the need for post-
marketing information were also searched. 
 

Details about the results of the systematic search concerning OMP information extracted after 
the thorough review of a total of 71 documents were synthesized in a table containing the 
following information for each guidance document displayed in 12 columns: order number, 
EMA guideline reference number, applicability to OMP investigation (general, specific, or 
mixed), reference to rare diseases, presence of information about the type of studies, the study 
design, endpoints, patients selection, statistical considerations, safety considerations, pediatric 
considerations, and post-marketing data. 
 

4.2. Selection of the sample of EPARs for each of the six conditions 
clusters 
 
Given the large number of rare diseases described, in the range of 6,000 to 8,000 different 
diseases (6), issuing methodological guidance and validating methods for the study of every 
disease may become challenging. A clustering of rare medical conditions in 6 groups was 
previously proposed by our group, which was aimed to allow drawing specific methodological 
and regulatory recommendations applicable to types or groups of medical conditions, rather 
than to single disease models. The proposed clustering of medical conditions also served as a 
framework for testing the applicability and added value of new methods. In order to check the 
suitability of the newly developed statistical methods, and also the patient´s perspectives on 
study designs and conduction, relevant representative examples of medical conditions included 
in these six clusters were selected.  
 
Overall approach and working plan: 
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All European Public Assessment Reports (EPARs) issued by the EMA for OMP with positive 
opinions since inception of the Orphan Regulation(23) and until December 2014 were identified 
from the EMA website. 
 
Medical conditions were identified from all the designated orphan conditions as included in the 
authorised indications in the EPAR of each OMP.   
 
Medical conditions were classified into the 6 ASTERIX clusters in replicate by 2 investigators. 
The frequency of the medical conditions was also classified as rare (≤ 5/10,000 and >1/100,000) 
and ultrarare (UR) (≤1/100,000). 
 
The results of the two investigators were summarised and compared. Discrepancies were 
discussed until consensus was reached, emphasizing the search of conditions not fitting in at 
least one of the proposed clusters, or which could fit in more than one cluster (66). 
 
A final listing of rare medical conditions was issued, including those for which two possible 
clusters could be assigned depending on the therapeutic approach. 
 
The detailed planning of the work is summarised in Figure 4. 
 

Figure 4. Working plan 

 
 
A database had been created by WP 5 team as part of the ASTERIX project containing all 
available opinions on OMP issued by the EMA since Orphan Regulation No 141/2000 came 
into force up to December 2014 (67). This database was also used in this exercise.  
 
In total 125 EPARs were evaluated for 85 rare conditions. The claimed indications in the EPAR 
of each OMP were extracted and the medical condition related to the indication was identified 
for classification.  
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The 85 medical conditions were classified independently by 2 different investigators, with no 
fixed pairs of investigators working on the same conditions, so that one criterion or pair of 
criteria did not systematically prevail over others, ensuring a high degree of consensus and 
reproducibility.  
 
The data was then reconciled, and discrepancies discussed with the intervention of a third 
investigator until reaching a final consensus result. 
 
The focus was on development plans and when deemed necessary, other sources were sought 
out. Negative opinions/withdrawals were not included given the very scarce amount of 
information publicly available. 
 
The aim of this task was to select examples of EPARs representative of the conditions within 
each of the six clusters: acute single episodes (Cluster A), conditions with acute repeated 
episodes (Cluster B), chronic conditions with stable or slow progression (Cluster C), chronic 
progressive conditions lead by one system/organ (Cluster D), chronic progressive conditions led 
by multiple systems/organs (Cluster E), and chronic staged conditions (Cluster F). The selected 
EPARs were equally represented in spite of the fact that some scenarios were very frequent, e.g. 
38/125 (30%) of all available EPARs in the EU by December 2014 correspond to staged 
conditions, and others very infrequent, e.g. 9/125 (7%) of all available EPARs concerned 
conditions with acute recurrent episodes. The selection was aimed to capture most of all 
possible scenarios, and not just being representative of the most frequent situations in the 
development of OMP. The following criteria for selection were used: 
 

• Four EPARs for each of the six condition clusters. This number was considered 
sufficient to capture the diversity within the cluster, but it was acknowledged that 
exceptions were still possible. 
 

• EPARs were selected regardless of type of authorisation, i.e. whether the approval was 
a regular approval, a conditional approval or an approval under exceptional 
circumstances. 
 

• Since public detailed information on the development program and clinical trials for 
OMP is available for EMA positive opinions only, OMP with negative opinions and/or 
withdrawals from the evaluation procedure were not considered.  
 

• Since extreme rarity of a given medical condition raises additional limitations to the 
recruitment potential, for each condition cluster at least one EPAR describing an ultra-
rare condition (defined as affecting ≤1/100,000 persons in the EU) was selected, 
whenever possible. 
 

• Only one EPAR per medical condition was included. The same drug could had been 
included more than once if developed for more than one indication, although none 
actually was. 
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• At least one repurposed drug per cluster was selected when possible, defined as a drug 
that was already in use for a different condition and for which a new authorisation was 
applied and granted for an orphan indication. Repurposed drugs may have different 
development approaches because part of the already available information may be 
extrapolated from former use to the new application. 
 

From this set the focus was on the selection of the most recent applications, using the criteria 
described above, as this would have given the most up-to-date view on the methodologies used, 
aiming to select the majority of EPARs submitted after the guideline on clinical trials in small 
populations came into force (84/125 EPARs)(49).  
 
When deemed necessary, specific or additional EPARs were revised for the evaluation of some 
specific methodology and this was decided on a case by case basis.  
 
If information in EPARs was insufficiently detailed, FDA summary basis of approval, published 
original articles, and public clinical trial registries were consulted in order to have the necessary 
information for assessment (68–70). 
 

4.3. Evaluation of the applicability of the methods developed by other 
WPs set 
 
All novel methods that were developed within the ASTERIX project or tailored to small 
populations, and that had been reported in a published or (nearly) submitted manuscript by 
September 1st 2017, were included (20,71–83).  
 
Manuscripts that discussed already existing methods or described a new perspective on an 
already existing method were excluded.  
 
The methods were categorised in four main groups:  
 

1. Six ‘innovative trial designs’, including: considerations on the use of delayed-start 
randomization (81), a method for interim analysis and stopping rules in multi-arm 
parallel trials (79), two methods for sample-size reassessment (one for adaptive survival 
trials (72), and a second one with a Bayesian approach for continuous end-points (78)), 
a method to optimize boundaries in group-sequential designs (73), and a method to 
weight prior information in Bayesian trials based on similarity of previous data (74). 
 

2. One ‘level of evidence’ method, consisting of a set of recommendations to check if 
prior information can be used for inference allowing to relax the significance level in 
confirmatory trials, reducing sample size while controlling for certainty (77). 
 

3. Four ‘study endpoints and statistical analysis’ methods, including: three methods to 
analyze multiple end-points (one for analysis of repeated measurements of multiple 
end-points (simultaneous inferences GEE models, was not available at the time of the 
exercise), one allowing conclusions for multiple co-primary endpoints even when not 
all meet statistical significance (71), and an exact non-parametric method for multiple 
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binary end-points (76)), and a new patient-guided measurement instrument  aimed to 
standardize individual patient expectations on the treatment outcomes in conditions with 
heterogeneous clinical expression (75). 
 

4. Two ‘meta-analysis’ methods, aimed both improving the management of heterogeneity 
estimators in meta-analysis of sparse-event studies (80,83). 
 

Within each of these categories a variety of aspects of the methods were developed. 
 
The requirements for use of each of the methods were identified based on the descriptions 
provided by WP 2, 3 and 4 and discussed with researchers of these teams whenever necessary. 
Based on these requirements, the conditions selected from EPARs were analysed for 
applicability of each of the method. 
 

4.3.1. Method of evaluation of applicability and added value of novel methodology 
 

Key characteristics on the studies that were used as pivotal evidence to support approval of 
orphan products were extracted from the EPARs and systematized through a list of items 
summarizing the key condition and treatment characteristics that might influence study design 
(Annex 1). The key features of the novel ASTERIX methods were summarized, including their 
prerequisites for applicability and potential advantages and disadvantages of the method.  
 
For each studied method, once the data was extracted, interpreted and conclusions were drafted, 
these were sent for validation to the lead authors of the manuscripts describing the novel 
methods.  Any disagreements between primary evaluators and authors were debated until 
consensus was reached.  
 
In parallel, the list of items to extract from EPARs was completed, data were extracted for 
pivotal trials, including a summary of the condition, the trial characteristics needed to judge 
whether the pre-requisites for applying the novel methods could have been fulfilled, and any 
applicant’s justification for choice of design elements and strategy, if available.  
 
The prerequisites for applicability of the methods were assessed against the design 
characteristics of the pivotal studies and characteristics of the orphan conditions, and the design 
of the pivotal studies included in the EPAR. In addition, it was evaluated whether the method (if 
applicable) would have added value compared to the currently used method.  
 
A pilot-testing was conducting on four studies reported in two EPARs (for OMP Savene® and 
Cayston®), and then the list of items with study and applicability details was refined (Annex 2).  
 
If the method was considered applicable then, in addition, it was evaluated whether the method 
would add value as compared to the currently used method. The currently used method was 
used as a reference – rather than using one common standard as comparator, since it would be 
difficult to have a single gold-standard given the plethora of challenges associated with each 
condition and patient population. Also, the comparison to actual development best reflects the 
improvements that could be achieved for each scenario. 
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A two-step approach was used to determine whether or not the methods could have been 
applicable, and could potentially have added value to the overall development:  
 

Step 1. Static step: evaluation of direct applicability without any adjustments to the 
original characteristics of the pivotal studies. Applicability was mainly driven by the 
(methodological) pre-requisites of the methods and whether these were fulfilled for the 
trials; 

 
Step 2. Dynamic step: evaluation of applicability allowing for adjustments to the 
original setting or design of the studies, without changing the original objective and 
context of the development plan. Changes were made upon checking therapeutic 
guidelines, regulatory guidelines or any published article of a study in the same 
condition, in order to justify the applicability and potential improvement of the drug 
development program (61). For example, a secondary outcome could have been 
promoted to a primary outcome, or primary and secondary end-points could have been 
defined as multiple co-primary end-points, if this was clinically and methodologically 
appropriate and sound from a regulatory point of view. 

 

4.3.2. Analysis, interpretation and synthesis of the results 
 

The methods pre-requisites and the characteristics of the pivotal trials were compared, and a 
decision tree structure was used for the evaluation of methods applicability (Figure 5) (61). The 
decision tree structure allowed measuring how applicable the methods were for each EPAR. The 
degree of applicability was categorized in four levels depending on fulfillment of pre-requisites, 
and a heat-map was used to summarise the results, where:  
 

• ‘applicable’ was denoted by green colour;  
 

• ‘may be applicable’ was denoted by light green colour;  
 

• ‘no applicability’ was denoted by orange colour;  
 

• ‘no possibility for application irrespective of changes’ was denoted by grey colour. 
 
For step 1 if one of the pre-requisites was not fulfilled then non-applicability was concluded, 
while for step 2 if pre-requisites were not fulfilled, then relevant changes were explored before 
concluding on applicability or non-applicability. 
 
The applicability was summarized numerically and visualized through the heatmap for the first 
(static) and second (dynamic) steps of the evaluation. Based on these heatmaps, 
recommendations on the use of the novel ASTERIX methodologies per cluster of conditions 
were drawn. 
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Figure 5. Decision tree structure for methods evaluation of applicability 

 
 

4.4. Regulatory impact of applying new methods to real examples 
 
Following the previous theoretical exercise, a more practical exercise was conducted. This 
consisted of designing alternative development plans for a number of selected real OMP 
examples following the recommendations on applicability and added value of the novel 
methodologies as concluded in the previous exercise. The aim of the alternative development 
plans was to address the main uncertainties identified by the CHMP of the EMA, as reflected in 
the EPARs, at the time of drawing a recommendation for the marketing authorisation of the due 
OMP. A systematic approach was followed for this exercise. For this purpose, a drug 
development template document with the following headings was created and completed for 
each example:  
 

• Introduction: including background information on the disease, alternative treatment 
options, rationale for the development, as well as the actual scope of development. 
 

• General investigation plan: objectives of development. 
 

• Assessment of applicability of methods: representativeness of the example within the 
cluster, theoretical applicability of methods.  
 

• Actual development plan for the chosen example. 
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• Alternative developments (scenarios 1-3). 
 

• Analysis of the ethical, practical, and regulatory impact. 
 

• Final recommendations. 
 

4.4.1. Selection of EPARs and summary of applicability of methods 
 
The initial plan within the ASTERIX project was testing the applicability and added value of 
new developed methods and approaches by using data from selected clinical trials in OD. We 
planned to obtain either publicly shared raw data from actual trials, or alternatively to approach 
companies for them to share pivotal databases for authorized products.  However, access to 
actual raw data happened to be a long-lasting bureaucratic procedure that made it unfeasible 
granting access within the required tight timelines for the ASTERIX Project completeness. This 
was already anticipated at the time of project definition, and a contingency plan based on 
simulations was in place.  
 
Thus, we decided to simulate as close as possible the real situation of planning a clinical 
development program, using the available information as summarized in the EPARs of OMP 
authorized by EMA. For this practical exercise, six out the 24 EPARs previously selected for 
the assessment of applicability of methods and representative of each of the medical condition 
clusters were chosen. The selection was based on the availability of recommendations for 
applicability of methods at the time the exercise was to be conducted, on the availability of 
enough information to identify and fully describe the key studies conducted during the clinical 
development, and the availability of information on the regulatory assessment in the EPAR to 
support the analysis of uncertainties and weaknesses.   
 
The EPARs were scrutinized to find information concerning the main characteristics of the 
disease under investigation and on the existing treatment options, and these were duly 
summarized in the template document for each example. Further, the rationale for and the 
general objective of the actual development program were also critically revised, and these were 
reflected in the corresponding section of the template document.  
 
Recommendations on applicability of methods for every of the 6 examples chosen, as 
determined in the previous exercise, were summarized in the template document with a 
description of requirements, potential advantages, and disadvantages.  
 
The representativeness of the condition within the cluster was also qualitatively analyzed. This 
was deemed critical in order to guide the final recommendations for the cluster. The focus was 
placed on those aspects of the particular example under evaluation that might have an impact on 
the generalizability of conclusions reached with the given example, i.e. aspects that may differ 
from other conditions in the cluster and that could be determinant for the applicability of the 
methods. Examples of aspects that were considered are the course and speed of disease 
progression, the possibility to start development in adults, at least for the proof of concept 
studies, before moving to the paediatric population, whether the degree of rarity of the condition 
may pose difficulties for the uptake of sites, making adaptive methods applicable in spite of 
dealing with prevalent cases like in the case of chronic progressive clusters, the availability of 
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an effective standard of care (SOC) or treatment that may hugely differ between conditions 
within the same cluster, the existence of pharmacodynamics markers, or, for example, the 
existence of disease registries. 
 

4.4.2. Analysis of actual development and regulatory uncertainties 
 
A summary of the actual clinical development plan conducted was prepared for each of the 
conditions selected, based on the EPAR, publications of the pivotal trials, or information 
reported on the trials included in the EPARs at US and/or EU clinical trials registries (70,84), 
where required, and available.  
 
Mimicking the process of clinical development planning (85), a simple target product profile 
was drafted based on the summary of products characteristics in order to focus the main goal of 
the development, and general objectives for the clinical development were then summarized. 
The actual clinical studies conducted within the clinical development program were listed, 
including summaries for those clinical studies that were relevant to support proof of concept, 
dose finding, pivotal confirmation or key supportive for MAA.  
 
This description ended up with an analysis of the main regulatory uncertainties and weaknesses 
of the actual development as established in the benefit/risk section of the EPARs, so that the 
alternative methods could be oriented to address the areas of uncertainties and weaknesses 
through the simulations. 
 

4.4.3. Simulation of alternative development programs 
 
For each of the selected EPARs a revision of the disease identifying its clinical characteristics 
relevant to assess the therapeutic objectives in relation to the sought indication was conducted, 
which were then translated into research objectives. Considering the type of disease, the clinical 
relevance of the different possible endpoints was assessed, and the most efficient ones were 
selected to guide the clinical development. The number of relevant studies, their objectives, and 
the most efficient sequence for conducting the trials were evaluated. In addition, for each 
individual clinical trial the following aspects were systematically explored: study design, 
control group, number of study arms and type of assignment to treatment, sample size, 
endpoints, duration of recruitment period and individual patient follow-up, and statistical 
analysis.  The advantages and disadvantages of the actual design and any potential variation by 
applying different approaches were evaluated based on the theoretical characteristics of the 
method, not conducting specific simulations.  
 
At least one, but ideally up to 3, alternative clinical development plans were proposed for each 
of the conditions. This included a detailed study outline of the relevant trials where alternative 
methodologies were proposed. The alternative approaches were based on the evaluation of 
applicability of all methodologies described by WP2, 3 and 4, as described above, but also on 
other alternative methods described outside of the ASTERIX project, even if not novel, which 
were considered appropriate to improve the clinical development program of the drug for the 
condition and could represent a reasonable alternative. 
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4.4.4. Analysis of the regulatory impact and recommendations 
 
Finally, the impact of applying novel methodologies was systematically assessed and described 
in a dedicated table (Table 1) for each of the alternatives proposed that were included in the 
template document. The impact on the following aspects was evaluated:  
 

• Practical impact: e.g. on sample size requirements, time to study completion, ease 
recruitment, etc. 
 

• Methodological impact: e.g. protection against type I and/or II errors, robustness of the 
evidence, internal validity, etc. 
 

• Ethical impact: e.g. minimization of risks, maximizing access to an effective treatment, 
minimizing exposure to an ineffective treatment, considerations for patients input. 
 

• Regulatory impact: e.g. availability of suitable information for benefit/risk assessment, 
external validity, informative on clinical relevance, credibility, etc. impact of each of 
the alternatives proposed was systematized in tables like the one that follows. 

 
 
Table 1. Template for the analysis of the practical, regulatory, ethical, and methodological impact of applying 

an alternative method 
Method assessed: 
Option 1: xxx 

Improves? Comments 

Practical considerations:   

• May reduce sample size requirements   

• May shorten time to study completion   

• May ease recruitment   

Statistical assessment:   

• Improves internal validity   

• Increases stability of estimates   

• Increases sensibility to changes   

• Compliant with predetermination   

• Consistency (discuss)   

• Robustness of method (discuss)   

• Protection against type I and II errors (discuss)   

Regulatory assessment:   

• Risk of bias and credibility   

• External validity (discuss)   

• Therapeutic positioning and comparisons   

• Informative on relevance and clinical impact   

• Enough information on safety   

• Suitable information for risk-benefit balance   

Ethical assessment:   

• May minimise risks   

• May maximise access to treatment   

• May minimise unnecessary exposure to ineffective 
treatments or placebo 

  

• Considers patient input   
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Following the assessment of the practical, ethical, methodological and regulatory impact of the 
alternative development plans simulated for each example, a summary of recommendations on 
the most suitable novel methodologies with potential added value in the planning and conduct 
of a development plan for the very same condition under analysis were drawn and included in 
the template document. 
 

4.5. Final set of basic recommendations as suggestion for 
implementation in guidelines 
 
Finally, the internal validity and the generalizability of the results were discussed within the 
research group, including representation of experts in drug regulation. The focus was set in 
trying to determine to what extent the results could be translated into recommendations for the 
use of novel methodologies to the design, analysis, and interpretation of the clinical 
development results. Subject to the achievement of substantial agreement, a set of basic 
recommendations applicable to every cluster of conditions based on the simulations performed 
were to be set. 
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The results herewith presented have been previously summarized in the deliverables of the WP5 
of ASTERIX Project and submitted to the EC as part of the periodic follow-up and final 
mandatory reports(65). Additionally, some of these results have been published or accepted for 
publication in relevant medical journals (e.g. the Orphanet Journal of rare diseases (42,61,86). 
 

5.1. Revision of the EU regulatory guidelines relevant for orphan 
diseases 
 
The systematic search conducted for EU guidelines related to rare diseases and development of 
the clinical trials part of an OMP investigation (86) raised the following results:  
 
A total of 182 documents in the three subcategories explored of the EMA website fulfilled our 
search criteria. Among the whole spectrum of EMA’s guidance documents, 71 (39%) were 
found to be applicable to the clinical development of OMP as it is shown in Figure 6 below. 
Documents found within two different subcategories were considered only in the one reviewed 
first to avoid duplications. 

 
Figure 6. EMA documents related to OMP and type of applicability 

 
 
The majority of documents (46 out of 71) were under the name “Guideline” or “Note for 
guidance” (Table 2). 
 

Table 2. Number and type of documents 
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Regarding the applicability of the guidance documents to OMP investigation, the systematic 
review revealed that 46 out of 182 (25.3%) documents were identified to have general 
applicability, 23/182 (12.6%) were lying in the category of specific applicability to OMP; 2/182 
(1.1%) had both general applicability as well as specificity were revealed since reference to 
some subgroups of rare conditions was described in the same document of an otherwise not so 
rare condition (Figure 7). 
 
Specifically, 36 of the 71 documents (50.7%) have references to rare diseases and/or OMP, 
whereas in 10 (14.1%) among those 36 the reference to rare diseases is accompanied with 
limited or none specific information on the characteristics which are considered important when 
designing and conducting a clinical trial in the orphan situation (Figure 7). 
 

Figure 7. Reference to rare diseases in the documents related to OMP 

 
 
Reference to paediatric information related to rare diseases was found in 21 of the 71 
documents, and the need for post-marketing data for efficacy and/or safety in the OMP 
investigation was discussed in 17 out of 71 documents. 
 
Detailed information referred to OMP in the 71 documents is presented in Annex 3. 
 

5.2. Selection of the sample EPARs for each of the six condition 
clusters 
 
None of the 26 OMP chosen had published data in any of different datasets that could have been 
consulted for details in case of insufficient information in the EPARs (68–70,84), so  the only 
source of information were the EPARs. 
 
Selection criteria described in Section 4.2. (Methods) were applied, and the following 
considerations were made:  
 

• Selection of EPARs with UR conditions: In the set of 125 EPARs, there was only one 
ultra-rare disease in each of the following clusters of conditions: Cluster A: acute single 
episodes, Cluster B: acute recurrent episodes, Cluster C: chronic stable/slow 
progression and Cluster D: chronic progressive led by one system/organ. Thus, these 
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examples were directly selected in order to account for the ultra-rare diseases 
representation. There was no EPAR entering in the ultra-rare status in Cluster F: chronic 
staged condition, and therefore none could be selected. For the Cluster E: chronic 
progressive led by multiple systems/organs, 9 out of the 23 conditions were ultra-rare. 
Therefore, 2 of these ultra-rare EPARs were selected to adequately represent the ratio 
rare: ultra-rare in this category.  
 

• Avoid duplicity in drug products: Moreover, in cases where the same disease could be 
assigned to more than one cluster of conditions and there were medicinal products 
targeting different aspects of the disease, and thus both EPARs could have been selected 
according to the study methods, only one was finally chosen in order to increase 
diversity. For example, cystic fibrosis was categorised in the main Cluster B: acute 
repeated episodes when targeting lung infection, and in Cluster D: chronic progressive 
led by multiple systems/organs when targeting other symptoms or modifying channel 
function. According to the study methods, EPARs for different drugs targeting different 
aspects of the disease and thus belonging to different clusters could both have been 
selected. However, in this exercise only the EPAR of Kalydeco®, a modifier of the 
channel function affected in cystic fibrosis, was the one finally selected.  
 

• Selection of repurposed drugs: In addition, the inclusion of authorized drugs repurposed 
for new indications was intended, as special cases for which evidence previously 
authorized or data on the use of the drug in a larger population for a non-orphan 
indication may be extrapolated to the new condition and contribute to the evaluation of 
the safety profile of the medicinal product. However, there were no options for 
repurposed drugs in the cluster of chronic progressive conditions affecting multiple 
systems/organs. 
 

• Choice of recent dossiers: The aim was to select the most recent applications, and 
EPARs submitted after the guideline on clinical trials in small populations came into 
force, but this was not always possible. In Cluster B: acute repeated episodes, in 3 out 
of 4 selected EPARs the applications had been submitted before the date when the 
guideline on trials in small populations had come into effect.  
 

• Exclusion of diagnostic drugs: Medicinal products included happened to be used for the 
treatment and not for diagnosis or prevention of the disease. Overall only few 
exceptions to the rule occurred, e.g. Gliolan was used for intra-operative 
photodynamic diagnosis of residual glioma. These were not selected based on the 
criteria outlined above, and no exceptions were made in this case. 
 

In addition, some exceptions had to be implemented in this process:   
 

• Diverse therapeutic areas: All EPARs initially selected in Cluster F: chronic staged 
conditions were neoplasms. In order to increase diversity, 2 of these examples were 
replaced by recent staged conditions from a different therapeutic field such as 
Opsumit to treat pulmonary hypertension and Revlimid for the treatment of 
myelodysplastic syndromes.  
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Finally, some misclassifications of the set of EPARs occurred, that did not consider the strong 
emphasis done on the pair "disease plus therapeutic indication" when referring to medical 
condition. Thus, some of the clusters assigned to the EPARs had to be amended, so that 2 
EPARs were reclassified from Cluster E: chronic progressive led by multiple systems/organs to 
Cluster B: acute recurrent episodes. Specifically, the changes include the following:  
 

• Sicklos® was firstly classified in Cluster D: chronic progressive condition led by one 
system/organ, considering the targeted disease in isolation, but according to the EPAR it 
had been developed for the prevention of recurrent painful vaso-occlusive crises; so it 
was moved to Cluster B: acute recurrent episodes.  
 

• Orphacol® was firstly classified in Cluster E: chronic progressive led by multiple 
systems/organs for the very same reasons but was subsequently reclassified in Cluster 
D: chronic progressive led by one system/organ since all the assessments and 
measurements referred to liver functionality and damage.  
 

• Tracleer® was seeking an indication for prevention of new digital ulcerations, but its 
effect on other organ/systems commonly affected in Systemic Sclerosis were not 
investigated; so, it was reclassified from Cluster E:chronic progressive led by multiple 
systems/organs to Cluster B: acute recurrent episodes.  
 

• Kalydeco® and Vyndaqel® were selected to replace the two examples removed from 
Cluster E: chronic progressive led by multiple systems/organs. The first one is used in 
order to improve the defective opening of the chloride channels in cystic fibrosis that 
can affect different functions (e.g. lungs, nutrition). The second one is indicated for 
familial amyloid polyneuropathy, where different functions and organs are affected. 
 

Therefore, two additional EPARs were added to Cluster E: chronic progressive led by multiple 
systems/organs to ensure that there were at least 4 EPARs per cluster, leading finally to 26 
EPARs in total. 
 
A final list of selected EPARs was generated, after ensuring that the focus was put on the actual 
indication for which the medicinal product was developed and a marketing authorisation was 
finally granted. This final list included 4 EPARs for each cluster, as initially provisioned, except 
for Cluster B, which had a total of 6 EPARs due to the fact that two of the reclassified EPARs 
had already been assessed. The final list of the selected EPARs is presented below in Table 3. 
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Table 3. Selection of EPARs for evaluation of methodologies 

 

  

5.3. Evaluation of the methodology set applicability 

5.3.1. Description of the methods evaluated 
 
The following table (Table 4) summarizes the key features of the 14 novel ASTERIX methods, 
their prerequisites for use, and potential advantages and disadvantages from a theoretical point 
of view (61). 
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Table 4. Overview of the methods that were evaluated 

 Description of the method  Requirements for use of the method Potential advantages Potential disadvantages 

INNOVATIVE TRIAL DESIGNS 
Multi-arm group sequential designs with a simultaneous stopping rule 

A design with 3 arms or more, with planned interim analyses with a 
simultaneous stopping rule. This rule aims to detect at least one 
efficacious treatment out of all tested arms, and stops the trial for all 
arms as soon as for at least one treatment arm (in-)efficacy is proven, 
when the critical boundaries of efficacy or inefficacy are crossed. 

� At least 3 arms including control 
(placebo) 

� At least 1 interim analysis 
� Time to outcome faster than 

accrual/enrolment rate 
� Developed for continuous endpoints, 

transportable to other types (i.e. binary) 

� More robust evidence on efficacy or 
for dose selection and/or posology,  

� Avoidance  of a placebo arm in some 
instances 

� Preservation of alpha and power 
� Efficient use of available patients 

� Not applicable to 
historically/externally 
controlled studies 

� More complex trial conduct 
� Interim could result in an 

overall longer trial 
� The potential to marginally 

miss a second efficacious 
intervention 

Sample size reassessment and hypothesis testing in adaptive survival trials 
In general, this design allows a sample size reassessment during a 
trial where the primary outcome is the occurrence or absence of an 
event. The sample size reassessment will be done during an interim 
analysis aiming to reach sufficient evidence to reject or accept the 
efficacy of the intervention.  
This paper discusses major drawbacks of a fully unmasked sample-
size recalculation, i.e. a decision based on all available efficacy and 
safety data, are potential intentional changes in the behaviour of the 
investigators, and the potential impossibility to include all patients in 
the final analysis and propose a test statistic for inclusion of all 
patients. 

� In case the sample size re-assessment is 
unmasked. 

� Time to outcome faster than accrual 
rate 

� At least one interim analysis 
 
 
 

� Increased precision for sample size 
reassessment 

� Preservation of type I error 
� Inclusion of all (more patients) in the 

final test statistic 
 
 
 

� Logistically resource-wise 
more demanding 

Sequential design for small samples starting from a maximum sample size 
Using a group sequential design, an analysis will be performed before 
the trial is finished, based on the available data collected at that (pre-
defined) moment. The aim of this design is to pick up large benefits, 
lack of benefit and safety signals earlier.  
The proposed method uses the maximum available sample size as a 
starting point for planning the study, taking into account the desired 
chance to pick up a therapeutic effect if it really exists, and then 
continues with the refined calculations of the limit boundaries. This 
method determines the optimal number of interim analyses to be 
performed, while keeping the chance low of concluding that a 
treatment works - while in real life it does not work. 

� Needs to start from maximum sample 
size that can be recruited 

� At least 1 interim analysis 
� Time to outcome faster than accrual 

rate 

� Increased precision for the prior for 
treatment effect size estimates, and 
thereby increased precision for the 
adjustment of boundaries  

� increased safety surveillance  
� Optimised use of available patient 

pool  
� Efficacy results obtained earlier may  

lead to less approval procedural time 

� More interim analyses will 
provide extra work 

� Sufficient level of evidence, 
but not overwhelming  
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Table 4 (Cont.) Overview of the methods that were evaluated 
Description of the method Requirements for use of the method Potential advantages Potential disadvantages 

INNOVATIVE TRIAL DESIGNS  
Bayesian sample size re-estimation (to appear) 

Bayesian statistics, use probability distributions, often including a 
probability of the belief in the intervention before the start of the trial 
(the prior). For normally distributed outcomes, an assumption for the 
variance needs to be made to inform the sample size needed, which is 
usually based on limited prior information, especially in small 
populations. When using a Bayesian approach, the aggregation of 
prior information on the variance with newly collected data is more 
formalized. The uncertainty surrounding prior estimates can be 
modelled with prior distributions. The authors adapt the previously 
suggested methodology to facilitate sample size re-estimation. In, 
addition, they suggest the employment of power priors in order for 
operational characteristics to be controlled. 

� At least 1 interim analysis 
� Randomisation 
� 1 control and 1 experimental arm 
� Developed for continuous endpoints, 

transportable to other types of 
outcomes 

 

 
 

� Fewer patients needed 
� Optimised use of accumulated 

knowledge from previous studies  
� Control of type I error 
 
 
 

� Extra patients needed in case 
of effect size overestimation 

 

Dynamic borrowing using power priors that control type I error (to appear) 
In rare diseases, where available data is scarce and heterogeneity 
between trials is less well understood, the current methods of meta-
analysis fall short. The concept of power priors can be useful, 
particularly for borrowing evidence from a single historical study. 
Such power priors are expressed as a parameter, which in most 
situations has a direct translation as a fraction of the sample size of 
the historical study that is included in the analysis of the new study. 
However, the possibility of borrowing data from a historical trial will 
usually be associated with an inflation of the type I error. Therefore 
in this paper a new, simple method of estimating the power parameter 
in the power prior formulation is suggested, suitable when only one 
historical dataset is available. 
This method is based on predictive distributions and parameterized in 
such a way that the type I error can be controlled, by calibrating the 
degree of similarity between the new and historical data.  

� Essential to have robust data from 
ideally previous similar studies 

� Developed for normal responses in a 
one or two group setting, but the 
generalization to other models is 
straightforward 

 
 

� Fewer patients 
� Optimised use of accumulated 

knowledge from previous studies  
� Control of type I error 
 
 
 

� Extra patients needed in case 
of effect size overestimation 
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Table 4 (Cont.) Overview of the methods that were evaluated 
  Description of the method Requirements for use of the method Potential advantages Potential disadvantages 

INNOVATIVE TRIAL DESIGNS  
Delayed-start randomisation (to appear) 

In a delayed start randomization design the moment of start of the 
intervention is randomized. Using blinding, the patients will not 
know at what moment the intervention will start for them, 
reducing the placebo effect and any potential effect of the 
patients knowing he is receiving an active intervention. The 
change from the baseline measurement within each patient will 
be used as an outcome measure. 

� The comparator needs to be placebo 
� Intervention needs to have lasting 

response 
 

� All patients will receive treatment 
eventually 

� The switch moment may provide 
extra information 

� Delay in some patients 
receiving treatment, 
compared to a single arm 
trial 

LEVEL OF EVIDENCE    

Evidence, eminence and extrapolation 
In small populations, a full independent drug development 
program to demonstrate efficacy may not be ethical, feasible or 
necessary. Extrapolations of evidence from a larger population to 
the smaller target population are widely used to support decisions 
in this situation. 
This paper discusses clinical trial designs which make use of 
prior knowledge on efficacy for inference. A framework based on 
prior beliefs is formulated to investigate whether the significance 
level for the test of the PEP in confirmatory trials can be relaxed, 
and the sample size reduced, while controlling a certain level of 
certainty about the effects. The authors show that point-priors 
have some favourable properties over other types of priors. The 
crucial aspect to be made clear is the prior belief in the possibility 
of extrapolation from a larger population to the target population. 
 

Factors that influence the possibility for 

extrapolation: 

� Same underlying mechanism of 
action, similarity of response to 
treatment, similar dose-
response relationship so the 
mechanism is translatable to the 
target population? 

� Same disease symptoms in adults 
and children, regarding similarity of 
disease progression. 

� Timing of the paediatric trial 
compared to the adult trial should 
allow extrapolation 

� Repurposed drug or not or extension 
of indication 
 

� Optimised use of available 
evidence. 

� Reduction of sample size 
 

� Difficulty lies in its novelty 
and application. 
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Table 4 (Cont.) Overview of the methods that were evaluated 

  Description of the method Requirements for use of the method Potential advantages Potential disadvantages 

STUDY ENDPOINTS AND STATISTICAL ANALYSIS   

Simultaneous inference for multiple marginal GEE models (to appear) 
A framework is proposed for using generalized estimating 
equation models for each endpoint marginally considering 
dependencies within the same subject. The asymptotic joint 
normality of the stacked vector of marginal estimating equations 
is used to derive Wald-type simultaneous confidence intervals 
and hypothesis tests for linear contrasts of regression coefficients 
of the multiple marginal models.  
The small sample performance of this approach is improved by 
adapting the bias correction proposed by Mancl and DeRouen to 
the estimate of the joint covariance matrix of the regression 
coefficients from multiple models. As a further improvement a 
multivariate t-distribution with appropriate degrees of freedom is 
specified as reference distribution. Alternatively, a generalized 
score test based on the stacked whom correspondence should be 
addressed estimating equations is derived.  
By means of simulation studies, control of type I error rate for 
these methods is shown even with small sample sizes and also 
increased power compared to a Bonferroni multiplicity 
adjustment.  
The proposed methods are suitable to efficiently use the 
information from dependent observations of multiple endpoints in 
small-sample studies. If simultaneous confidence intervals for 
two or more endpoints are of interest, this approach can be used.  
Additionally, an R software package has been developed 
(`mmmgee’) for computational implementation of this 
framework. 

� Repeated measurements � Robust evidence from longitudinal 
data. 

� Technically more complex 
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Table 4 (Cont.) Overview of the methods that were evaluated 
  Description of the method Requirements for use of the method Potential advantages Potential disadvantages 

STUDY ENDPOINTS AND STATISTICAL ANALYSIS 
Fall-back tests for co-primary endpoints 

Usually, when the efficacy of an intervention is measured by co-primary 
endpoints, efficacy may be claimed only if for each endpoint an individual 
statistical test is significant. While this strategy controls the type I error, it is often 
very conservative, and does not allow for inference if only one of the co-primary 
endpoints shows significance. 
This paper describes the use of fall-back tests. They reject the null hypothesis in 
exactly the same way as the classical tests, with the advantage that they allow for 
inference in settings where only some of the co-primary endpoints show a 
significant effect. Similarly to the fall-back tests defined for hierarchical testing 
procedures, these fall-back tests for co-primary endpoints allow continuing 
testing, even in the primary objective of the trial was not met.  

� At least 2 co-primary endpoints 
� One test per endpoint 

� No need for hierarchical pre-
specification and testing of 
multiple co-primary endpoints. 

� Improved statistical testing 
(more chances to detect one 
dimension of treatment effect 
and benefit). 

 
 
 

� Potentially more patients 
needed 

Optimal exact tests for multiple binary endpoints 
In confirmatory trials with small sample sizes, hypothesis tests that developed for 
large samples - based on asymptotic distributions - are often not valid. Exact non-
parametric procedures are applied instead. However, exact non-parametric 
procedures are based on discrete test statistics and can become very conservative. 
If adjustment for multiple testing, they become even more conservative.  
Exact multiple testing procedures are proposed, for the setting where multiple 
binary endpoints are compared in two parallel groups. Based on the joint 
conditional distribution of the test statistics of Fisher’s exact test, the optimal 
rejection regions for intersection hypothesis tests are constructed. To efficiently 
search the large space of possible rejection regions, an optimization algorithm is 
proposed based on constrained optimization and integer linear programming. 
Depending on the objective of the optimization, the optimal test yields maximal 
power under a specific alternative, maximal exhaustion of the nominal type I error 
rate, or the largest possible rejection region controlling the type I error rate. 
Applying the closed testing principle, the authors construct optimised multiple 
testing procedures with strong familywise error rate control. In addition, they 
propose a greedy algorithm for nearly optimal tests, which is computationally 
more efficient.  

� Multiple dichotomous/binary 
outcomes 

� Two up to five endpoints 
� Gain is most in very small sample 

sizes (1 to 50 per group) 
� A priori (optimal) rejection region 

(defined) 
� Prior distribution of effect sizes 
 
 

� Optimised multiple testing 
procedure 

� Maximal power use of the 
statistical test 

� Control of family-wise error 
rate (FWER) 

� Robust evidence 
� Excellent for small sample 

sizes 
 
 
 

� Potentially more patients 
needed 
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Table 4 (Cont.) Overview of the methods that were evaluated 
  Description of the method Requirements for use of the method Potential advantages Potential disadvantages 

STUDY ENDPOINTS AND STATISTICAL ANALYSIS 
 Goal attainment scaling (GAL)  
Goal Attainment Scaling is a measurement instrument that measures the 
attainment of different goals of patients in a standardized way. The goals are 
measured in the same way for every patient, but the content of the goals can be 
different between patients. To apply GAL, the caregiver and the patient sit 
together to decide what the goals of the patient are, and how they can be defined 
in five levels. Next, the patient receives the intervention (preferably blinded). 
Then after the intervention the patient and doctor assess how well the goals have 
been attained. 
The different content of the goals for different patients makes that GAL can be 
used in groups of patients who all have different complaints, which is often the 
case in rare diseases. Another advantage is that it is very sensitive to change.  

� Essential that the PEP is not 
relevant for all patients 

� Heterogeneous disease course 
with stable baseline 

� It has to be actual treatment not 
prevention 

� Randomisation 
� Measurement relevant at 

functional level 

� The goals are individually 
defined by patients and chosen 
per patient, hence customised 
measurement of therapeutic 
effect. 

� Time-demanding aspect, 
needed for detailed 
construction and definition of 
goals, may be less of a concern 
when there are a (very) limited 
number of available patients. 

� Time-consuming to set 
goals individually per 
patient 

� Choice of goals must be 
realistic 

� Hawthorne effect 

META-ANALYSIS  

Prior distributions for variance parameters in sparse-event meta-analysis (to appear) 
The small sample sizes in rare diseases make it particularly valuable to pool the 
data of small studies in a meta-analysis. When the primary outcome is binary, 
small sample sizes increase the chance of observing zero events. The frequentist 
random-effects model is known to induce bias and to result in improper interval 
estimation of the overall treatment effect in a meta-analysis with zero events. 
Bayesian hierarchical modelling could be a promising alternative. Bayesian 
models are known for being sensitive to the choice of between-study variance 
(heterogeneity) prior distributions in sparse settings. In a rare disease setting, only 
limited data will be available to base our prior on, therefore, the need to identify 
priors with robust properties is crucial.  
This paper shows that the Uniform (-10; 10) heterogeneity prior on the log (T2) 
scale shows appropriate 95% coverage and induces relatively acceptable 
under/over estimation of both the overall treatment effect and heterogeneity, 
across a wide range of heterogeneity levels. We illustrate the results with two 
examples of a meta-analysis with a few small trials. 

� >=2 RCTs 
� Same endpoint in at least two 

trials, from which one PEP 
� Binary endpoint(s) 
� Sparse events 
� Not prerequisite but patients 

allocation ratio ideally 1:1 
� treatment effect size estimates 

reported in harmonized (or 
harmonisable) manner 

� Not prerequisite but ideally 
equally allocated number of 
patients per study 

� Optimised use and variance 
estimation in a sparse-event 
MA. 

� Quicker and optimal selection 
of appropriate heterogeneity 
priors distributions. 
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Table 4 (final) Overview of the methods that were evaluated 

  Description of the method Requirements for use of the method Potential advantages Potential disadvantages 

META-ANALYSIS  

Heterogeneity estimators in zero cells meta-analysis (to appear) 

When a meta-analysis consists of a few small trials that report zero events, 
accounting for heterogeneity in the estimation of the overall effect is challenging. 
In practice, the data poses restrictions on the meta-analysis method employed that 
lead to deviations from the pre-planned analysis, such as the presence of zero 
events in at least one study arm.  
Estimators that performed modestly robust when estimating the overall treatment 
effect across a range of heterogeneity assumptions were the Sidik-Jonkman, 
Hartung-Makambi and improved Paul-Mandel. The relative performance of 
estimators did not materially differ between making a predefined or data-driven 
choice. 
The simulations confirmed that heterogeneity cannot be estimated reliably in a 
few small trials that report zero events. Estimators whose performance depends 
strongly on the presence of heterogeneity should be avoided. The choice of 
estimator does not need to depend on whether or not zero cells are observed. 

� >=2 RCTs 
� Same endpoint in at least two 

trials, from which one PEP 
� Binary endpoint(s) 
� Sparse events 
� Not prerequisite but patients 

allocation ratio ideally 1:1 
� treatment effect size estimates 

reported in harmonized (or 
harmonisable) manner 

� Not prerequisite but ideally 
equally allocated number of 
patients per study 

� Quicker and optimal selection 
of heterogeneity estimator in a 
sparse-event meta-analysis 

 
 
 
 

� Niche method and does 
not cover all 
heterogeneity estimators 
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5.3.2. Potential applicability of methods based on information from actual trials 
 
Applicability of methods to the 26 EPARs 
 
The assessment of applicability showed the following results:  
 

• In the first static step, considering just the actually conducted development plan, it was 
found that all individual methods were directly applicable to a minimum of 1 (4%) up to 
9 (35%) of the 26 EPARs. Overall each method was applicable to a minimum of 1 
(17%) and a maximum of 5 (83%) of the 6 clusters.  
 

• In the second dynamic step, where some adjustments to the development plan could be 
considered, it was found that the individual methods were applicable in 1 (4%) up to 17 
(65%) of the EPARs, and to a minimum of 1 (17%) and a maximum of 6 (100%) out of 
the 6 clusters (Table 5). 
 

Table 5. Percentage of EPARs where the methods are applicable 

 
 
Summary of applicability of methods by cluster 
 
The number of EPARs for which the new methods were tested and the results on the number of 
tests that deemed applicable in each step, overall and for UR and repurposed (RP) drugs, is 
summarized in Table 6. 
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Table 6. Summary of applicability by clusters 

 Sample of EPARs tested Applicability in Step 1 Applicability in Step 2 

 N (%) 
EPARs 

N (%) 
EPARs 

UR 

N EPARs 
(N tests) 
N UR/RP 
(N tests) 

N 
yes 

N (%) 
UR 

N (%) 
RP 

N 
yes 

N (%) 
UR 

N (%) 
RP 

Acute single episodes 23 
(18%) 

1 
(6%) 

4 (52) 
1 (13) UR&RP 

2/52   
(4%) 

0/13 
(0%) 

0/13 
(0%) 

14/52 
(27%) 

3/13 
(23%) 

1/13  
(8%) 

Recurrent acute episodes 9 
(7%) 

2 
(13%) 

6 (78) 
1 (13) UR&RP 

18/78 
(23%) 

2/13 
(15%) 

6/13 
(46%) 

41/78 
(53%) 

9/13 
(69%) 

8/13 
(62%) 

Chronic slow or non-
progressive condition 

13 
(10%) 

1 
(6%) 

4 (52) 
1 (13) UR&RP 

7/52 
(13%) 

0/13 
(0%) 

3/13 
(23%) 

16/52 
(31%) 

0/13  
(0%) 

4/13 
(31%) 

Progressive led by one 
organ-system 

19 
(15%) 

3 
(19%) 

4 (52) 
2 (26) UR&RP 

9/52 
(17%) 

5/26 
(19%) 

5/26 
(19%) 

14/52 
(27%) 

5/26 
(19%) 

5/26 
(19%) 

Progressive 
multidimensional 

23 
(18%) 

9 
(56%) 

4 (52) 
1 (13) UR 

14/52 
(27%) 

5/13 
(38%) 

0 21/52 
(40%) 

7/13 
(54%) 

0 

Staged conditions 38 
(30%) 

0 
(0%) 

4 (52) 
1 (13) RP 

8/52 
(15%) 

0 1/13 
(8%) 

21/52 
(40%) 

0 1/13  
(8%) 

Total 125 
(100%) 

16 
(100%) 

26 (338) 
6(78)UR&RP 

58/338 
(17%) 

12/78 
(15%) 

15/78 
(19%) 

127/338 
(38%) 

24/78 
(31%) 

19/78 
(24%) 

EPAR: European Public Assessment Report; N: number; UR: Ultrarare; RP: Repurposed 

 
The level of applicability of the methods differed across the different clusters of conditions.  
 
While all methods were applicable to some extent and in total could add value on average in 
76% of the condition clusters, they were often not directly applicable to the actual trial design or 
approaches used during clinical development of the OMP as described in the EPAR.  
 
The applicability of methods by cluster can be visualized on a heatmap for Step 1: Static 
analysis (no adjustments) and for Step 2: Dynamic analysis (with adjustments) (Figures 8 and 
9). 
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Figure 8. Heatmap illustrating applicability of methods by cluster without adjustments 
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Figure 9. Heatmap illustrating applicability of methods by cluster with adjustments 
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Regarding the applicability by cluster, the findings included the following: 
 
Condition Cluster A: Acute single episodes  
 
For acute single episodes cluster, the requirements for applicability of most designs in this 
cluster included the characteristics summarized in Table 7. 
 

Table 7. Requirements for applicability in Cluster A: acute single episodes 

 

Actively controlled study in a parallel design  

Randomisation 

Binary/time-to-event outcomes.  

At least 2 experimental treatment arms  

Interim analyses  

Sample size re-assessments  

Prior available data 

 
 
If the studies were controlled and randomised, had interim analyses and used a binary endpoint 
or time-to-event measurements, then a number of methods were deemed to be applicable due to 
the type of endpoints used in this cluster, the limited amount of new potential participant 
patients and availability of prior data from other similar trials (i.e. for repurposed NSAIDs to 
treat patent ductus arteriosus).  
 
Contrarily, the methods with limited direct applicability, or no applicability at all, were so 
because the conditions were acute and so is the expected treatment effect: quick. Therefore, 
simultaneous inference for multiple marginal GEE models and long-short outcome are not 
applicable by default from the very beginning. Due to the fact that the diseases within the 
cluster were a first episode with no previous disease experience, had relatively quickly fatal or 
disabling outcome and with efficacy measurement based on hard variables, and not at functional 
level, the GAS cannot be applied either.  
 
Applicability in the cluster is summarized in Table 8.  
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Table 8. Applicability of methods in Cluster A: acute single episodes 

Applicable Limited direct applicability,  
or no applicability at all 

Sample size reassessment and hypothesis testing in 
adaptive survival trials (i.e. Sirturo®) 

Long-short outcome 

Multi-arm multi-stage (MAMS) trial with a 
simultaneous stopping rule (i.e. Pedea®) 

Heterogeneity estimators, prior distributions for 
variance parameters in sparse-event meta-analysis, 

Sequential design for small samples Delayed-start randomization 

Fallback tests for multiple endpoints Simultaneous inference for multiple marginal 
GEE models 

Optimal exact tests for multiple binary endpoints  
(i.e. Savene®) 

Goal Attainment Scale 

 
Out of the four selected OMP, only one had reported replicated pivotal trials, and it used a 
binary PEP. However, these were single-arm trials and the expected events were not sparse; 
hence the heterogeneity estimators and prior distributions for variance parameters in sparse-
event meta-analysis were not applicable by default. Due to lack of control, in principle the 
delayed-start design was not applicable either in the absence of major changes to the clinical 
development.  
 
Condition Cluster B: Acute recurrent episodes  
 
For Cluster B: acute recurrent episodes, the requirements for applicability of most designs in 
this cluster included the characteristics summarized in Table 9.  
 
 

Table 9. Requirements for applicability in Cluster B: acute recurrent episodes 

Actively controlled study in a parallel design  

Randomisation 

Binary/time-to-event outcomes.  

At least 2 experimental treatment arms  

Interim analyses  

Sample size re-assessments  

Prior available data 

Use of co-primary endpoints to capture the 
broader array of clinical benefits 

 
 
A large majority of methods were applicable but not entirely all. Applicability in the cluster is 
summarized in Table10. 
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Table 10. Applicability of methods in Cluster B: acute recurrent episodes 

 

Applicable Limited direct applicability,  
or no applicability at all 

Sample size reassessment and hypothesis testing in 
adaptive survival trials (for studies supporting 
Ilaris®, Cayston®, Xyrem® and Tracleer®) 

Long-short outcome 

MAMS trial with a simultaneous stopping rule for 
all OMP but Siklos® 

Delayed-start randomisation 

Sequential design for small samples for all OMP but 
Siklos® 

Simultaneous inference for multiple marginal 
GEE models 

Bayesian sample size re-estimation using power 
priors and dynamic borrowing through empirical 

power priors that control type I error methods, using 
a key secondary endpoint (i.e. FEV1 in Cayston®) 

Goal Attainment Scale 

Fallback tests for multiple endpoints and optimal 
exact tests for multiple binary endpoints  
(i.e. Ilaris®, Cayston® and Xyrem®) 

 

 
The sample size reassessment and hypothesis testing in adaptive survival trials (for studies 
supporting Ilaris®, Cayston®, Xyrem® and Tracleer®) were applicable because they either 
used a time-to-event endpoint, were or could had been adaptive designs, and either provisioned 
interim analyses with sample size re-assessment or could had benefitted from this.  
 
MAMS trial with a simultaneous stopping rule was applicable for all OMP but Siklos®, as the 
studies used a continuous or binary PEP, provisioned interim analyses were designed as 
sequential trials or could had been designed as such, because of having shorter time-to-outcome 
as compared to the time needed for enrolment. For the same reasons, and also due to the limited 
number of patients and due to availability of prior data, sequential design for small samples is 
applicable for the same reasons as for MAMS. Similarly, these reasons and the use of a key 
secondary endpoint that was successfully used as primary in other trials (i.e. FEV1 in one study 
for Cayston®), a Bayesian sample size re-estimation using power priors and dynamic borrowing 
through empirical power priors that control type I error methods would be applicable, following 
relevant adjustments.  
 
Fallback tests for multiple endpoints and optimal exact tests for multiple binary endpoints (i.e. 
Ilaris®, Cayston® and Xyrem®) would be applicable due to the type of endpoints they use, the 
limited number of patients and availability of prior data from other similar trials.  
 
If the studies were controlled and randomised, provisioned interim analyses and used a binary of 
time-to-event endpoint, then the above methods regarding study endpoints and statistical 
analysis would be applicable.  
 
Methods with limited or not applicability at all in this cluster included methods long-short 
outcome, delayed-start randomisation, and simultaneous inference for multiple marginal GEE 
models and GAS. Applicability of the methods was restricted by the fact that the conditions 
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were acute and recurrent in clinical manifestation. Therefore, simultaneous inference for 
multiple marginal GEE models in repeated measurements and long-short outcome are not 
applicable by default from the very beginning due to the acute nature. Due to the fact that the 
diseases are had unstable baseline, relatively quickly fatal or disabling outcome and used hard 
outcomes, with efficacy measurement not typically at functional level, the GAS would have 
little or no applicability either.  
 
Out of the six OMP, four reported 2 pivotal trials, one reported one pivotal trial (randomised, 
placebo controlled) and one was approved based on series of case reports. The complexity and 
difficulty lied in the fact that out of the OMP with two pivotal trials, only in one case the trials 
used the same PEP (Diacomit®), for all others the PEP used was different between trials, 
making the heterogeneity estimators and prior distributions for variance parameters in sparse-
event meta-analysis methods not applicable by default.  
 
Condition Cluster C: Chronic stable/slow progression  
 
For Cluster C of chronic stable/slow progression conditions, the requirements for applicability 
of most designs included the characteristics summarized in Table 11. 
 

Table 11. Requirements for applicability in Cluster C: chronic stable/slow progression conditions 

Actively controlled study in a parallel design  

Randomisation 

Continuous/time-to-event outcomes 

At least 2 experimental treatment arms  

Interim analyses  

Sample size re-assessments  

Prior available data 

Use of co-primary endpoints to capture the 
broader array of clinical benefits 

Measurements at functional level 

 
 
A large majority of the methods were applicable but not entirely all. Applicability in the cluster 
is summarized in Table 12. 
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Table 12. Applicability of methods in Cluster C: chronic stable/slow progression 

Applicable Limited direct applicability,  
or no applicability at all 

Sample size reassessment and hypothesis testing 
in adaptive survival trials (Revestive®) 

Heterogeneity estimators and prior 
distributions for variance parameters in sparse-

event meta-analysis 

MAMS trial with a simultaneous stopping rule 

(Revestive® and Xagrid®) 

Delayed-start design 

Sequential designs for small samples 

(Revestive® and Xagrid®) 

Multiple marginal GEE-models 

Bayesian sample size re-estimation using power 
priors, following relevant adjustments 

 

Dynamic borrowing through empirical power 
priors that control type I error, following relevant 

adjustments 

 

Fallback tests for multiple endpoints (Ilaris®)  

Optimal exact tests for multiple binary 
endpoints (Ilaris®) 

 

GAL, if stable baseline and functional 
measurement 

 

 
 
 
Examples of applicable methods include sample size reassessment and hypothesis testing in 
adaptive survival trials in Revestive®, since an adaptive design with provisioned interim 
analyses and sample size re-assessment was feasible. Similarly, a MAMS trial with a 
simultaneous stopping rule could be applied to Revestive® and Xagrid®, because the studies 
could have used a continuous or binary PEP, could have provisioned interim analyses and, 
instead of four single-arm trials, a randomised trial could have been conducted. Sequential 
designs for small samples could be applicable for the same reasons as for MAMS, also due to 
the limited number of patients and to availability of prior data. Thus, the Bayesian sample size 
re-estimation using power priors and dynamic borrowing through empirical power priors that 
control type I error methods might also be applicable, following relevant adjustments. Fallback 
tests for multiple endpoints and optimal exact tests for multiple binary endpoints could be 
applied to the Ilaris® development, due to the type of endpoints they use, which are not binary 
but co-primary endpoints. Considering the nature of the conditions in this cluster, a continuous 
or a time-to-event endpoint may be used and is preferred. If the studies are controlled and 
randomised, do provision interim analyses and use a continuous or time-to-event endpoint, then 
the above methods regarding study endpoints and statistical analysis could be applicable.  
 
The methods with limited or no applicability at all included heterogeneity estimators and prior 
distributions for variance parameters in sparse-event meta-analysis, because the endpoints used 
were not binary or sparse, the trials used different PEPs or trials were single-arm studies. Lack 
of randomization and of placebo controls precluded the application of delayed-start design. 
Since the data was not longitudinally collected, simultaneous inference for multiple marginal 
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GEE-models was limited in applicability or not applicable. Considering that the diseases exhibit 
a stable baseline with possible efficacy measurement at functional level, the GAS could be 
applied.  
 
Out of the four OMP, one reported two pivotal trials, one reported three observational trials 
following attempt to conduct a randomised controlled trial, one reported a cross-over trial and 
one was approved based on four single-arm trials following a failed attempt to conduct a 
randomised controlled trial.  
 
Condition Cluster D: Chronic progressive conditions led by one system/organ  
 
For the cluster of chronic progressive conditions led by one system/organ, the requirements for 
applicability of most designs included the characteristics summarized in Table 13. 
 
 
Table 13. Requirements for applicability in Cluster D: Chronic progressive conditions led by one system/organ 

Actively controlled study in a parallel design  

Randomisation 

Continuous/time-to-event outcomes.  

At least 2 experimental treatment arms  

Interim analyses  

Sample size re-assessments  

Prior available data 

Use of co-primary endpoints to capture the 
broader array of clinical benefits 

Measurements at functional level 

 
A large majority of the methods were applicable but not entirely all. Applicability in the cluster 
is summarized in Table 14. 
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Table 14. Applicability of methods in Cluster D: Chronic progressive conditions led by one system/organ 

Applicable Limited direct applicability,  
or no applicability at all 

Sample size reassessment and hypothesis testing 
in adaptive survival trials 

 (for studies supporting Soliris®) 

Heterogeneity estimators and prior 
distributions for variance parameters in 

 sparse-event meta-analysis 

MAMS trial with a simultaneous stopping rule 
(for Soliris®) 

Simultaneous inference for multiple marginal 
GEE-models 

Sequential design for small samples  

Bayesian sample size re-estimation using power 
priors and dynamic borrowing through empirical 
power priors that control type I error methods, 

(Soliris®) 

 

Fallback tests for multiple endpoints 
 (i.e. Soliris®) 

 

Delayed-start design, only for Glivec®  

Goal Attainment Scale  

 
 
Sample size reassessment and hypothesis testing in adaptive survival trials (for studies 
supporting Soliris®) are mildly applicable as it could have been an adaptive design with 
provisioned interim analyses and sample size re-assessment or could have benefitted from this.  
MAMS trial with a simultaneous stopping rule (for Soliris®) is considered applicable, as the 
studies could have used a continuous or binary PEP, provisioned interim analyses. Sequential 
design for small samples is applicable for the same reasons as for MAMS and also due to the 
limited number of patients and due to availability of prior data.  
 
For these reasons the Bayesian sample size re-estimation using power priors and dynamic 
borrowing through empirical power priors that control type I error methods, are or can become 
applicable following relevant adjustments for the same OMP - Soliris®.  
 
Fallback tests for multiple endpoints (i.e. Soliris®) are applicable due to the use of co-primary 
endpoints.  
 
If the studies are controlled and randomised, provision interim analyses and use a continuous or 
time-to-event endpoint then the above methods regarding study endpoints and statistical 
analysis are applicable.  
 
The methods heterogeneity estimators and prior distributions for variance parameters in sparse-
event meta-analysis were not applicable as the endpoints used were not binary or sparse, the 
trials used different PEPs or the OMP were supported by series of case reports (Orphacol®).  
 
The delayed-start design was applicable only for Glivec® as it is the only scenario where all 
patients could have been treated eventually with imatinib following a randomised first phase of 
the trial.  
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Simultaneous inference for multiple marginal GEE-models was limited in applicability or not 
applicable due to the fact that the data was not longitudinally collected or due to the series of 
case reports that supported the applications (i.e. Wilzin® and Orphacol®).  
 
Due to the fact that the diseases exhibit a stable baseline with efficacy measurement at 
functional level possible but also because the PEP is not entirely representative for all patients, 
the GAS could be applied.  
 
Out of the four OMP, one reported one randomised controlled trial, one reported a randomised 
not controlled trial and two did not report any trial nor had for instance a clearly defined PEP. 
Glivec® is indeed indicated for a rare condition but it is in fact a rare cancer indication 
presented as an extension of indication after many years in the EU market; and studies for 
cancer have well-established methodology and considerations, hence there is not much room for 
adjustments.  
 
Condition cluster E: Chronic progressive conditions led by multiple organs/systems 
 
For chronic progressive conditions led by multiple organs/systems, the requirements for 
applicability of most designs included the characteristics summarized in Table 15. 
 
Table 15. Requirements for applicability in Cluster E: Chronic progressive conditions led by one system/organ 

Actively controlled study in a parallel design  

Randomisation 

Continuous/binary/time-to-event outcomes.  

At least 2 experimental treatment arms  

Interim analyses  

Sample size re-assessments  

Prior available data 

Use of co-primary endpoints to capture the 
broader array of clinical benefits 

Short-term outcome predictive for a long-term 
outcome  

Predictable course of disease and not 
immediately life-threatening for patients 

Measurements at functional level 

Repeated measurements 
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For chronic progressive conditions led by multiple organs/systems, a large majority of the 
methods were applicable but not quite entirely all of them. Applicability in the cluster is 
summarized in Table 16. 
 
Table 16. Applicability of methods in cluster E: Chronic progressive conditions led by multiple organs/systems 

Applicable Limited direct applicability,  
or no applicability at all 

Sample size reassessment and hypothesis testing 
in adaptive survival trials  

(for studies supporting Vyndaqel®) 

Heterogeneity estimators and prior 
distributions for variance parameters in  

sparse-event meta-analysis 

MAMS trial with a simultaneous stopping rule 
(for Kalydeco® and Zavesca®) 

 

Sequential design for small samples rule 
 (for Kalydeco® and Zavesca®) 

 

Bayesian sample size re-estimation using power 
priors, following relevant adjustments 

 

Dynamic borrowing through empirical power 
priors that control type I error methods, following 

relevant adjustments 

 

Fallback tests for multiple endpoints 
 (i.e. Vyndaqel® and Zavesca®) 

 

Optimal exact tests for multiple binary 
endpoints (i.e. Vyndaqel® and Zavesca®) 

 

Long-short outcome 
 (Fabrazyme® and Zavesca®) 

 

Goal attainment Scale  

 
Examples of applicable methods included sample size reassessment and hypothesis testing in 
adaptive survival trials (for studies supporting Vyndaqel®).  
 
MAMS trial with a simultaneous stopping rule (for Kalydeco® and Zavesca®), as the studies 
used a continuous or binary PEP, provisioned interim analyses or could have been designed as 
sequential due to the shorter time-to-outcome compared to the time needed for enrolment, or 
they were designed as sequential trials.  
 
Sequential design for small samples is applicable for the same reasons as for MAMS and also 
due to the limited number of patients and due to availability of prior data.  
 
The Bayesian sample size re-estimation using power priors and dynamic borrowing through 
empirical power priors that control type I error methods are or can become applicable following 
relevant adjustments due to availability of data and measured outcomes.  
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Fallback tests for multiple endpoints and optimal exact tests for multiple binary endpoints (i.e. 
Vyndaqel® and Zavesca®) due to the co-primary and type of endpoints they use given the 
multidimensionality of the disease, the limited number of patients and availability of prior data, 
could be applicable.  
 
The method long-short outcome can be applicable for Fabrazyme® and Zavesca® due to 
possible use of short-term outcome correlated and predictive for a long-term outcome.  
 
Since the diseases exhibit a stable baseline with efficacy measurement at functional level 
possible but also because the PEP is not entirely representative for all patients, the GAS could 
be applied.  
 
If the studies are controlled and randomised, provision interim analyses and use a continuous or 
time-to-event endpoint, or co-primary endpoints to capture the entire array of clinical benefits in 
a multidimensional perspective, then the above methods regarding study endpoints and 
statistical analysis are applicable. 
 
Methods with limited or not applicability at all included heterogeneity estimators and prior 
distributions for variance parameters in sparse-event meta-analysis were not applicable as the 
endpoints used were not binary or sparse or the trials were single-arm trials. 
 
Out of the four OMP, two reported a randomised trial, one reported one single-arm pivotal trial, 
and one reported two pivotal trials.  
 
Condition Cluster F: Chronic staged diseases  
 
For chronic staged conditions, the requirements for applicability of most designs included the 
characteristics summarized in Table 17. 
 

Table 17. Requirements for applicability in Cluster F: Chronic staged conditions 

Actively controlled study in a parallel design  

Randomisation 

Continuous/ time-to-event outcomes.  

At least 2 experimental treatment arms  

Interim analyses  

Sample size re-assessments  

Prior available data 

Use of co-primary endpoints to capture the 
broader array of clinical benefits 

Measurements at functional level 

 
 
For chronic staged conditions, a large majority of the methods were applicable but not entirely 
all; similar to applicability in cluster E. Applicability is summarized in Table 18. 
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Table 18. Applicability of methods in Cluster F: Chronic staged diseases 

Applicable Limited direct applicability,  
or no applicability at all 

Long-short outcome (all OMP) Heterogeneity estimators and prior 
distributions for variance parameters in  

sparse-event meta-analysis 

Sample size reassessment and hypothesis testing 
in adaptive survival trials (for all OMP) 

 

MAMS trial with a simultaneous stopping rule 
(Opsumit® and Revlimid®) 

 

Sequential design for small samples  
(Opsumit® and Revlimid®) 

 

Bayesian sample size re-estimation using power 
priors and dynamic borrowing through empirical 
power priors that control type I error, following 

adjustments (Opsumit®, Revlimid®) 

 

Fallback tests for multiple endpoints  
(i.e. Opsumit®, Litak® and Revlimid®) 

 

Simultaneous inference for multiple marginal 
GEE-models (Litak® and Revlimid®) 

 

Goal Attainment Scale (Opsumit®)  
 
 
Examples of applicable methods include the method long-short outcome, which can be 
applicable for all OMP due to possible use of short-term outcome correlated and predictive for a 
long-term outcome.  
 
Sample size reassessment and hypothesis testing in adaptive survival trials (for all OMP) are 
applicable as the studies could have been an adaptive design trial with provisioned interim 
analyses and sample size re-assessment or could have benefitted from this.  
 
MAMS trial with a simultaneous stopping rule (Opsumit® and Revlimid®) as the studies used 
or could have used a continuous or binary PEP, provisioned interim analyses could have been 
applied.  
 
Sequential design for small samples is applicable for the same reasons as for MAMS and also 
due to the limited number of patients and due to availability of prior data.  
 
For these reasons the Bayesian sample size re-estimation using power priors and dynamic 
borrowing through empirical power priors that control type I error methods are or can become 
to some extent applicable following relevant adjustments for Opsumit® and Revlimid®.  
 
Fallback tests for multiple endpoints (i.e. Opsumit®, Litak® and Revlimid®) are applicable due 
to the use or possible use of co-primary endpoints.  
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If the studies are controlled and randomised, provision interim analyses and use a continuous or 
time-to-event endpoint then the above methods, regarding study endpoints and statistical 
analysis, are applicable.  
 
Methods with limited or not applicability at all included heterogeneity estimators and prior 
distributions for variance parameters in sparse-event meta-analysis were not applicable as the 
endpoints used were not binary or sparse or the trials used different PEPs.  
Simultaneous inference for multiple marginal GEE-models was limited in applicability due to 
the fact that the data was longitudinally collected only for Litak® and Revlimid®.  
 
Since the diseases exhibit a stable baseline with efficacy measurement at functional level 
possible and also because the PEP is not entirely representative for all patients the GAS could 
be applied (Opsumit®).  
 
Out of the four OMP, two reported one randomised controlled trial, one reported a single-arm 
trial and one reported a single-arm trial and a randomised controlled trial.  
 
Potential advantages of using new methodology were notably the preservation of operational 
characteristics, the reduced unnecessary placebo or inferior treatment patient exposure and 
optimisation of multiple testing procedure; potential disadvantages also were identified such as 
sufficient level of evidence, but not overwhelming (regardless the positive or detrimental effect 
on patients.), extra patients needed in case of treatment effect size overestimation and increased 
complexity or increased resource demand on Sponsors/Investigators. 
 

5.4. Assessment of the regulatory impact 
 
Simulations of alternative clinical development plans for each of the 6 conditions selected are 
summarized in the upcoming sections. 
 
The results of the simulations of alternative clinical developments for the 6 EPARs (conditions) 
selected are briefly summarized below. Detailed documents with the full descriptions and 
analyses conducted for each example, including the summary of evidence and uncertainties, the 
alternative clinical developments and analyses of the impact of applying these novel methods 
are presented in Annex 4. 
 

5.4.1. Condition Cluster A: DEFITELIO® (defibrotide)  for the treatment of hepatic veno-
oclussive disease (VOD) 
 

a) Considerations on the representativeness of the example within the cluster: 
 
• Long-lasting enrolment and important logistic difficulties to the study conduct given 

that patients are not readily available for enrolment, and due to the high patient 
dispersion (common within the cluster). 
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• There are not effective treatments available: due to seriousness of condition, placebo on 
top of background supportive therapy might in theory be acceptable, but extensive use 
throughout a previous patient´s named program adds some practical constrains to the 
placebo use. 
 

• Defibrotide had been in the Italian market for the treatment of peripheral vascular 
conditions, which gives some supportive safety evidence. 
 

b) Summary of the actual development: 
 
• One pivotal non-randomized (Study 2005-01) vs. historical control in severe VOD. 

PEP: incidence of complete response by Day 100 post-HSCT. 
 

• Main uncertainties of the actual development plan are related to the lack of an adequate 
control arm, either concurrent (optimal) or historical (second option). This raises 
questions on whether the lower rates of mortality observed compared to historical data 
are just due to improvements in supportive treatment over time, or to differences in the 
underlying risk of the studied population (87). 
 

c) Summary of alternative developments: 
 
c.1. Group sequential analysis for small populations.  

 
A randomized, placebo-controlled trial on top of best supportive care (BSC) is proposed 
that may address uncertainties of the actual development program by providing randomised 
double blind evidence on causality. So, it has statistical and regulatory obvious positive 
consequences, at the price of including and exposing a number of patients to placebo. 
Although equipoise is evident even now that the product has been authorised, given the high 
morbid-mortality of the condition this may raise concerns. To minimise this risk, patients 
will receive BSC, and a sequential design is proposed in order to reduce the sample size to 
the minimum size required to clear equipoise, and thus, to reduce exposure to placebo 
and/or to an ineffective treatment. 

 
 

c.2. Sample size reassessment and hypothesis testing in adaptive survival studies 
 

A survival adapted RCT vs. placebo on top of BSC, with 2 interim analyses for 
futility/superiority/and sample size reassessment, is proposed, which may address the main 
uncertainties of the actual development program. So, it has statistical and regulatory 
obvious positive consequences, particularly by including randomisation and placebo 
control. From a practical point of view, it is less appropriate than other options, since 
sample size requirements are larger. There may be a reluctance of patients to enter a 
placebo-controlled trial given that defibrotide is used in clinical practice and due to the high 
morbid-mortality of the studied condition. The use of background BSC and adaptions of the 
design based on results of IA may allow early interruption, minimizing exposure to placebo 
and/or to an ineffective treatment arm, if no longer required to conclude efficacy. 
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d) Summary of recommendations: 
 
Defitelio in the treatment of VOD associated to HSCT was considered a representative 
example within the cluster of acute single episode conditions, thus the outcomes of this 
exercise are deemed generally applicable to the whole cluster of conditions.  In particular, 
the rarity of the condition, the difficulties in recruitment and a short period to response 
assessment, makes in general adaptions and sequential designs suitable approaches to 
optimise the trial size that can be generally recommended.  
 

 

5.4.2. Condition cluster B: ILARIS® (canakinumab) for the prevention of flares in 
cryopirine-associated periodic syndromes (CAPS) 
 

a) Considerations on the representativeness of the example within the cluster:  
 
• The effect size of canakinumab is outstanding. This makes sample size requirements to 

test efficacy smaller than in other conditions. Small sample size is likely to be enough to 
provide reasonable evidence even with conventional designs. In this sense, it may 
represent an unusual situation. 
 

• No appropriate treatment is available for prevention of flares in CAPS, thus making 
placebo in theory acceptable. But the biological plausibility is very well established, 
posing concerns to placebo use.  
 

• Canakinumab had been characterized extensively in other indications providing 
supportive data to the overall safety and pharmacokinetic development. 

 
b) Summary of the actual development: 

 
• Pivotal evidence was obtained from 1 pivotal randomised withdrawal phase III study 

(D2304) to demonstrate the efficacy of Ilaris® vs. placebo in patients with Muckle-
Wells syndrome (MWS). The study was a 2-arm, 3-stage, double-blind, parallel 
withdrawal (in stage 2), placebo-controlled study. Thirty-five patients were enrolled in 
Part I, of whom 31 (responders) were randomized into Part II (15 canakinumab:16 
placebo). All these 31 patients entered Part III and received canakinumab. Main 
endpoint was the proportion of patients with disease flare in Part II (defined as those 
who experienced a protocol defined clinical relapse or discontinued from Part II for any 
reason) compared to placebo.   
 

• Main uncertainties relate to the lack of formal dose finding studies, demonstration of 
efficacy limited to short-term control of inflammation and related symptoms/signs, but 
the long-term benefits, i.e. reduction/prevention of amyloidosis and end organ damage 
caused by the inflammatory process, have not been formally demonstrated. Pivotal 
efficacy from RCT is limited to MWS, while other phenotypes were only included in 
open label studies. 
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• The safety database was limited at the time of authorisation: 56 patients had been 
treated for more than 48 weeks; only 6 patients had been treated for more than 96 
weeks. Thus, long term safety beyond 1 year was not well known in this particular 
population, although it was available for other indications and thus extrapolation was 
possible (88). 
 

c) Summary of alternative developments: 
 
c.1. Parallel delayed start pivotal study 
 
A randomised double-blind delayed start comparison of canakinumab and placebo in the 
prevention of flares in patients with CAPS is proposed. In stage 1, patients would be 
randomly assigned to double blind treatment with placebo and canakinumab dosed every 8 
weeks (based on phase I PK data). In case of an increase of inflammatory signs or 
symptoms before 16 weeks patients will be rescued with one dose of canakinumab and 
switched to second stage. If no response is achieved with rescue, patient is dropped from the 
study as a failure and treated according to investigator criteria. Second stage will be open-
label treatment with canakinumab up to 32 additional weeks (up to 48 weeks). Main 
efficacy endpoint: proportion of patients with disease flare during stage 1 (defined as those 
who experienced a protocol-defined clinical relapse, or discontinued study for any reason) 
compared to placebo.  
 
This option can improve the quality, robustness of the evidence and protection against 
errors, because it may reduce the placebo effect and any potential effect of the patients 
knowing that the treatment received is an active intervention, which may overestimate the 
assessment of the effect through a variable that is clinical in nature. Therefore, a more 
robust estimation of the effect is anticipated. On the other hand, this alternative option will 
not improve practical and ethical aspects, in fact, if any, it would have a negative effect as 
the addition of a placebo arm may delay recruitment and increase exposure to an ineffective 
treatment. This alternative may be a suitable option and might have facilitated the 
regulatory access, but it is noted that the main uncertainties would not be addressed. In less 
severe conditions, such problems are less an issue. 
 
c.2. Multi-arm group sequential design 
 
An adaptive design comparing two doses vs. placebo in a sequential manner, with the 
possibility to drop an ineffective dose for binary variables, is proposed. Interim analyses are 
planned at 60% and 80% of patients for futility (for the worst dose and for the study), and 
for overwhelming superiority of any dose. Since in average sequential trials allow for 30% 
sample size saving, there would be chances to finish with a similar sample size as initially 
planned, while reducing risk for a negative trial and including assessment of dose response 
as an additional criterion for concluding on efficacy. 
 
This option may improve credibility in dose-selection, theoretically minimise exposure to 
ineffective treatments, and reduce time to completion, but given the little room for 
improvement (due to the overall limited trial size) these are not deemed a major advantage. 
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However, this could address one of the main uncertainties identified in the development 
plan conducted, i.e. selection of the optimal dose. 
 

5.4.3. Condition cluster C: REVESTIVE® (teduglutide) for treatment of Short-Bowel 
Syndrome 
 

a) Considerations on the representativeness of the example within the cluster:  
 
Short bowel syndrome with requirement for parenteral nutrition may have many different 
causes, have widely variable clinical intensity and affect diverse age groups. Thus, 
heterogeneity across potential patients may be more important in this particular 
development than in other medical conditions within the cluster. This may also explain why 
the clinical program used strict inclusion and exclusion criteria which might limit its 
external validity, but also, as a consequence, the duration of the trials was longer than 
expected for a prevalent condition, allowing in this way to consider methods using 
information as acquired – such methods may not be relevant in other medical conditions 
within the cluster. 

 
b) Summary of the actual development: 
 

• Two pivotal 24-week double-blind, randomised, placebo-controlled, parallel group 
studies comparing the efficacy, safety and tolerability of (two doses in one study) of 
teduglutide and placebo in subjects with Parenteral Nutrition-Dependent Short Bowel 
Syndrome. The first pivotal trial was non-conclusive, despite it had a major amendment 
during the study conduction to qualitatively account for heterogeneity, but failed 
anyway for its main objective for high dose, and thus no further analysis could proceed 
in a hierarchical testing sequence. Thus, a second pivotal study was done and concluded 
significant differences vs. placebo. Heterogeneity was lower in this second trial, but 
external validity was impaired in exchange. The main variable was a response criterion 
based on a reduction in parenteral nutrition (PN) volume of 20% or more from baseline, 
or > 2L/week.  
 

• Main uncertainties/weaknesses:  The demonstration of efficacy relies on an intermediate 
variable deemed reasonably representative of the clinical goal, but clinical relevance 
required expert consensus. There is an issue on the heterogeneity of patients, both 
regarding the baseline values for volume requirements, severity of clinical impairment, 
and depending on intake. Heterogeneity was the key determinant in the difficulties of 
the clinical development to conclude on efficacy of Revestive®. The second study 
succeeded by reducing heterogeneity, but external validity was impaired in exchange. 
Risks of the product may include malignancy considering the mechanism of action of 
teduglutide (growth factor), but the study duration (1 year) is likely unable to detect 
such risks. The risk/benefit assessment, thus, is uncertain in both the relevance of the 
clinical changes and the magnitude and severity of potential adverse reactions (89). 
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c) Summary of alternative developments: 
 
c.1. Group sequential study with sample size reassessment and simultaneous stopping rule 
 
A multi-arm group sequential design is proposed as the first (and only, if positive) pivotal 
trial, with a simultaneous stopping rule using a continuous variable, which could be the 
change from baseline in PN volume, analysed by Mixed Model for Repeated Measurements 
test (MMRM) adjusted by baseline value, or the same variable used in the actual 
development, but untransformed to binary as in the trials (use continuous value for % 
decrease instead of binary for 20% or more decrease).These changes are deemed as 
acceptable from a regulatory point of view, and could have allowed the confirmation of 
efficacy, thus avoiding the need for a second trial. Interim analyses for futility/superiority 
are planned at 60% of sample size (78 patients) and after 80% of sample size (104 patients). 
A sample size reassessment is proposed in the second interim analysis as a contingency in 
case that unexpectedly high variability will occur. Finally, a GAS is introduced as 
secondary variable in order to support the assessment of clinical relevance of findings. 
 
c.2. Randomised withdrawal study 
 
An enrichment design with randomised withdrawal and rescue of failures is proposed, 
followed by open label long term follow-up period. The design may allow smaller sample 
size and shorter recruitment, and is likely to observe bigger effect sizes, since all patients 
will receive active treatment. The ethical assessment suggests that patients may perceive 
this design as less risky and more open to treatment access. In any case, enhanced access to 
treatment represents incentives to recruitment that may maximise the practical benefits of 
the design. Such a design increases efficiency but at the expense of smaller external validity 
and a potential overestimation of efficacy, which may add to regulatory uncertainties. 
Besides, the use of GAS provides an intuitive and clinically meaningful sequence of events 
and allows recommending a therapeutic approach to patient management, although 
interpretation of results may be hampered by lack of control in the long-term. 
 

5.4.4. Condition cluster D: SOLIRIS® (eculizumab) for paroxysmal nocturnal 
haemoglobinuria (PNH) 
 

a) Considerations on the representativeness of the example within the cluster:  
 

Some aspects should be considered regarding this example that may differ from other 
conditions in the cluster: 
 
• The condition is characterized by a long clinical course with an initial impairment of 

one system/organ, which may involve others along time.  
 

• Progressively reducing life quality and/or quantity of life: typically, subjects are 
seriously disabled due to disease, but the degree of disability may vary from patient to 
patient depending on the size of the erythrocyte PNH clone. Due to disease severity, the 
designs must be add-on to SOC.  
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• Due to the substantial potential impact on Quality of Life (QoL) of the disease 
progression, endpoints relying on patient reported outcomes, patient perceptions on the 
disease, disability and QoL may be relevant or required for decision-making, and thus 
should be prominently considered in the trials. 
 

• While in the cluster often disease assessment is dependent on patient inputs, with (time 
to change in) function(s) and QoL being key components of the efficacy measures, this 
is not the case for complement blockade in PNH. However, another characteristic 
within the cluster is the assessment of multiple endpoints in the same domain, which is 
present in Soliris® development. 
 

• Since the condition is chronic with a relatively slow progression, it is acceptable to start 
research in adults and then progress to the paediatric population. 
 

• Because of the chronic course, recruitment will be based on prevalent cases, but 
difficulties due to the low prevalence may exist (estimated number of cases of 13 in a 
million). 
 

• There is a strong scientific rationale for the development of Soliris®, due to the relevant 
role of the complement in the pathogenesis of the disease. Also, there is a good 
pharmacodynamic marker (haemolysis parameters including lactate dehydrogenase 
(LDH)) which may allow for intermediate analysis for the decision making. This may 
be less established in many other conditions within the cluster. 

 
b) Summary of the actual development: 
 

• Pivotal evidence is supported by one randomised, double blind, placebo-controlled 
phase III study of 26-week duration that enrolled a total of 87 patients. The co-primary 
efficacy endpoints for this study were haemoglobin stabilization and units of Packed 
Red Blood Cells (PRBC) transfused during the treatment phase. Secondary endpoints 
included transfusion avoidance, haemolysis, and QoL as measured by the FACIT-
Fatigue scale.  
 

• The main limitations/uncertainties of the development program of Soliris® in the 
treatment of PNH are related to the use of short-term surrogate endpoints, i.e. 
haemolysis, with some supportive clinical outcome data on fatigue, QoL. This was 
replicated and the effect in the long-term was substantiated by the extension study. The 
assessment of efficacy in the prevention of thromboembolic events, which is the main 
cause of mortality in PNH, is based on non-controlled clinical trials. No formal dose-
finding studies were conducted. There were also uncertainties related to the 
characterization of the safety profile of Soliris®, so a safety registry was included as a 
follow up measure (90). 
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c) Summary of alternative developments: 
 

c.1. Multi-arm group sequential designs with a simultaneous stopping rule 
 
If two different treatment regimens would have been studied (for example in a dose-
finding setting) and the two phase 3 studies had merged, then it would have offered the 
possibility for multi arm multi stage design with a simultaneous stopping rule. Using the 
simultaneous stopping rule, the critical boundaries are calculated more accurately and 
using this method, the probability of errantly concluding that one arm is efficacious 
when in fact it is not, is smaller. Main outcome proposed for this alternative design is 
haemolysis measured by LDH area under the curve (AUC) during the treatment period. 
Other endpoints (considered as primary on the actual development) would be 
considered as secondary. Two Interim analyses are planned at 60% and 80% of the 
overall sample size using O’Brian-Fleming type boundaries for overwhelming 
superiority at a two-sided 5% type I error, using multi-arm group sequential design with 
a simultaneous stopping rule approach. 
 
By merging the two phase 3 studies and applying the multi-arm multi-stage trial with 
simultaneous stopping rules it can be anticipated some practical and ethical advantages, 
i.e. reducing sample size, time to completion and facilitating enrolment. The quality of 
the evidence is not affected in a relevant way and from the regulatory point of view the 
main advantage would be that this option may address one of the uncertainties of the 
actually conducted development plan by testing two different dose levels. However, it 
may negatively affect the ability to provide evidence in clinical outcomes by reducing 
sample size, shortening duration and relying purely on pharmacodynamics markers. 
Therefore, this option is not considered to be of true added value, given that no major 
safety concerns existed on the dose tested and finally recommended for use. 
 
c.2. Prior distributions for variance parameters in sparse-event meta-analysis 
 
A prospectively defined meta-analysis of small trials will be planned to generate more 
robust information on the actual treatment effect on the reduction of the thrombo-
embolic events incidence. Thromboembolic events are critical and main cause of 
mortality associated to PNH. Also, meta-analytic techniques may be applied to the 
analysis of safety information, considering not only the PNH, but also other indications. 
Data will be used from the pivotal trial and the open label trial, as well as from the 
open-label extension studies. It is proposed using two techniques developed within the 
ASTERIX project, for the primary analysis: the “Prior distributions for variance 
parameters in sparse-event meta-analysis” and “Heterogeneity estimators in zero cells 
meta-analysis” as complementary tools. 
 
This approach will allow the fast development based on optimized approaches, with the 
added value of assessing a hard end-point, to be conducted during the development and 
likely finalized early after the registration using information from post-authorisation 
studies. This might eventually be complemented with sequential techniques to further 
control the type I error and thus be assessed on a sequential basis more than after a fixed 
amount of information. 
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Since the estimated prevalence of PNH is only 13 cases per million it will not be 
expected that the meta-analysis will provide sound confirmatory evidence for the 
prevention of thromboembolic events, but at least a rough valuable estimate will be 
available. In fact, this study might provide an overall picture of efficacy and safety 
assessed in the meta-analysis, and potentially also information in relevant subgroups. 

 

5.4.5. Condition cluster E: FABRAZYME® (agalsidase beta) for Fabry disease 
 
a) Considerations on the representativeness of the example within the cluster: 
 

Although considered representative within the cluster, some aspects may differ from other 
conditions in the cluster: 
 
• Because of slow progression, there are no substantial ethical concerns on starting 

research in adults before studies are initiated in the paediatric population. Other 
conditions in this cluster, however, may have rapid progression, or treatment delay may 
have an impact on prognosis; in such cases, trials including paediatric patients may be 
justified as the first approach. 
 

• Recruitment will generally be based on prevalent cases and thus already available, so 
theoretically can be done quickly, unless the condition has very low prevalence and 
consequently there is wide geographic dispersion of patients (ultra-rare condition, 500-
1,000 patients in EU). 
 

• The pathophysiology of the disease (accumulation of sphingolipids due to defective 
enzyme) is well known and thus the scientific rationale for the development of an 
enzyme replacement therapy (ERT) is strong. As for similar conditions, this is a chronic 
life-lasting disease with a highly variable clinical course, with impact in multiple 
system/organs, requiring multidimensional assessment and endpoints, relying often on 
subjective assessments from caregivers/patients on clinical or functional status and 
QoL. 
 

• At the time of the development of Fabrazyme® there were not effective SOC treatments 
available, so that no active control was identified. Patient management was limited to 
symptom control and supportive measures. 
 

b) Summary of the actual development: 
 

• Pivotal evidence comes from one phase III randomised, double blind, placebo 
controlled multi-centre study, conducted in 58 patients, who were randomised to receive 
1.0 mg/kg of Fabrazyme® or placebo 1q2w, for up to 20 weeks. The primary efficacy 
endpoint for this study was the percentage of patients with score 0 on the measurement 
of reduction of globotriaosylceramide (GL-3) accumulation from the capillary 
endothelium of the kidney after dosing with randomised study medication for 20 weeks. 
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Secondary endpoints included other biomarker endpoints, as well as some clinically 
relevant endpoints. 
 

• Main uncertainties with current development: The demonstration of efficacy was based 
on pharmacodynamic markers (reduction of sphingolipids in the target organs) with a 
complete absence of clinical endpoints, i.e. symptoms, function, etc. At the time of 
decision making for marketing authorisation, there were uncertainties on how changes 
in sphingolipids may later translate into a clinically relevant effect, and inference on the 
potential benefit of the product was assumed to derive from the hypothesis and 
physiopathology. Actually, adverse events (rigors, fever and skeletal pain) were more 
frequent with active treatment than with placebo, so that in clinical terms and according 
to available data, the effect could even be deleterious. Such uncertainties were 
acknowledged, so that the authorisation was issued under exceptional circumstances 
and a number of post-marketing commitments were requested in order to collect 
additional long- term efficacy and safety data (91). 
 

c) Summary of alternative developments: 
 

c.1. Sequential designs for small populations 
 
If the primary end-point (PEP) were replaced by a continuous endpoint, i.e. based on 
renal changes such as clearance of creatinine, sequential designs for small populations 
could be applied. Given the concerns on the sensitivity of the trial to show an effect in 
creatinine clearance, enrichment approaches might be required focusing on the more 
severe patients. Sequential designs for small populations may reduce sample size and 
may shorten time to study completion. Nevertheless, these practical advantages are 
counterbalanced in this particular case by the fact that patients are already diagnosed 
and identifiable, and thus available, and at the time the interim analysis is performed, 
most might have already been enrolled and followed. So, sequential design might delay 
access to treatment to less severe patients making the general ethical advantages of 
sequential designs, i.e. minimise exposure to placebo and to the experimental arm, of 
less value. 
 
Therefore, the usual efficiency of sequential designs is of less relevance in this 
particular case. By contrary, this design may decrease external validity, the robustness 
of the evidence provided as it is based on an interim analysis and may also reduce the 
extent of an already limited safety database. 
Furthermore, it might also increase logistical complexity and may delay study 
completion if new centres were to be opened during the conduct of the trial. For this 
reason, it is not considered the optimal approach. 
 
 
c.2. Multi-arm multi-stage trial with a simultaneous stopping rule. 
 
Two studies are proposed: first, same as main development for proof of concept and 
exploration of doses, including 15 subjects to test 3 different doses, two of them with 
two different schedules, total of 5 treatments, given to 3 patients each. After preliminary 
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dose selection, a dose selection with pivotal confirmation could follow. This option may 
improve credibility in dose-selection, theoretically minimise exposure to ineffective 
treatments, and reduce time to completion, but given the little room for improvement 
this is not deemed a major added value, in particular since this approach does not 
address the relevant uncertainties identified in the actual development plan. 
 
c.3. Methods based on multiple endpoints (i.e. like the Fallback tests for co-primary 
endpoints and the optimal exact tests for multiple binary endpoints), coupled with 
enrichment methods, where patients with clinical symptoms or functional impairment 
are included. 
 
Since the disease may affect kidney function, may induce neuropathic pain as one of the 
key symptoms, has heterogeneity, and has difficulties to measure treatment 
consequences on health perception, and reasonable dynamic markers can be measured 
through histology of kidney, skin and heart, there may be room to application of 
multiple endpoints. Thus, multiple endpoints including clinical outcome measures 
(symptomatic changes, functional and QoL) and histological changes may provide a 
more convincing (clinically relevant) demonstration of efficacy. 
 
The advantages of this method are basically that the confirmatory efficiency is 
increased, as a result of both the likely increase of the effect size by selection of 29/29 
patients, and the reduction of risk of failing on the choice of the primary variable, by 
using a number of related variables with similar and complementary clinical relevance 
at the same level of confirmatory validity.  
 
Disadvantages may come from the ethical point of view, since the selection of subjects 
for an enriched design limits the number of subjects who may access the treatment 
within an experimental setting, and potential delays due to increased recruitment 
difficulties may lead to longer time to complete the pivotal evidence and thus later 
regulatory access to the new drug. As regards to the exposure to placebo, the method is 
neutral, although less patients may be eligible to participate in the trial because of strict 
inclusion criteria, as already explained. Considering that the condition has quite a slow 
progression, this may not seem a critical point since there is no expected severe 
prognostic impact. 
 

In conclusion, the overall balance of an enriched design is a reduction of uncertainty at the price 
of slower access to active treatment for mildly diseased patients. Using Fallback tests for co-
primary endpoints is improving the trial at no substantial impact on other assessment 
parameters, and thus should be recommended. 
 

5.4.6. Condition cluster F: OPSUMIT® (macitentan) for pulmonary arterial hypertension 
 
a) Considerations on the representativeness of the example within the cluster: 
 

• Although Pulmonary Arterial Hypertension (PAH) is a fatal disease, and any treatments 
should be expected to modify survival, mortality is not usually found in clinical trials 
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for products intended for PAH as PEP. Alternatively, other endpoints such as PAH 
related morbidity has been more often used. 

 
• This example that may differ from other conditions in the cluster in that the efficacy of 

targeting endothelin receptors has been demonstrated previously.  
 

• The development of Opsumit® for the treatment of PAH is characteristic of a non-
oncological disease fitting the ASTERIX cluster 6 (staged conditions). There are a 
number of treatments available for the condition, and there is an available EU 
regulatory guideline for PAH, acknowledging that it is a disease with very active 
research. This is not the standard situation in non-oncological orphan conditions, but to 
note, guidance for oncological conditions (which are most of the conditions included in 
this cluster) is available, thus the situation can be deemed as representative of the 
cluster. 

 
b) Summary of the actual development: 
 

• Opsumit® authorisation is supported by a single long term pivotal phase III study (AC-
055-302) which is a multicenter, randomised, double blind, placebo controlled study to 
assess the effects of macitentan on morbidity and mortality in patients with 
symptomatic pulmonary arterial hypertension.  
 

• Main uncertainties/limitations:  
 

• Main endpoint of the pivotal trial is a composite variable considering events of 
different clinical relevance, even if all reflect a negative clinical outcome.  
 

• The difference detected between the experimental treatments and placebo was 
already detected after 6 months of follow-up. Longer follow-up was not able to 
detect effects of macitentan on more finalist variables such as mortality. Thus, it 
can be questioned the convenience of combining in the same composite 
endpoint morbidity and mortality. 

 
• Even if patients assigned to the placebo group were treated with SOC, it can be 

ethically questioned the value of maintaining this long follow up after the 
clinical benefit was shown early after the treatment. 
 

• Finally, no stratification by severity was performed, as defined through WHO-
FC, and this would had been desirable to account for clinical heterogeneity 
(92). 

 
c) Summary of alternative developments: 
 

c.1. Sample size reassessment and hypothesis testing in adaptive survival studies 
 
For survival designs, the time to event approach proposed was based on time to first 
mortality or morbidity event. As some of the clinical morbidity components of the PEP 
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can be reached early, sequential inspections are regarded as an option to optimize the 
duration of the trial and/or the number of patients to be included or the assignation ratio 
(dropping arms). Methods to optimally apply this design to obtain robust evidence have 
been described within the ASTERIX project. 
 
This method has obvious practical advantages by reducing sample size, exposure to 
treatments and facilitating recruitment, and thus major advantages from the ethical point 
of view and for the same reasons. From the regulatory point of view, no added value at 
all and, if any, some disadvantages as mortality cannot be assessed properly by stopping 
the trial early and providing less long-term follow-up. 
 
c.2. Use of co-primary endpoints 
 
The proposal considers main endpoint of the pivotal trial as composite variable 
considering events of different clinical relevance even if all reflect a negative clinical 
outcome. Individual components would be analysed as secondary endpoints 
hierarchically and with multiplicity adjustments. A different approach based on co-
primary endpoints can be explored and methods for the analysis of multiple endpoints 
as described in the ASTERIX project can be implemented. 
 
The proposal does not represent major changes from the practical and ethical point of 
view. Some advantages from the regulatory and statistical point of view are obtained, by 
providing a better protection against type I and II errors, and obtaining results more 
informative on the clinical relevance, as the impact on each of the clinical endpoints is 
assessed separately in a non-hierarchical way, which may ease assessment of the 
benefit/risk balance. 

 

5.5. Final set of basic recommendations as suggestion for 
implementation in guideline 
 
A summary of recommendations based on the applicability and simulations exercises performed 
in different conditions for each cluster are presented below. 

 

5.5.1. Condition Cluster A: Acute single episode 
 
This cluster is characterised by incident cases with single acute episodes, with rapid onset and 
rapid endpoint, well-known and predictable course in absence of treatment, and outcome often 
serious or life-threatening, with recovery that generally returns to baseline health status with or 
without sequels. Conditions in this cluster are generally led by one organ/system, although when 
progressing and with increasing severity multi-organic impairment may occur. The choice of 
control in the study design must consider whether there is an effective SOC; when a SOC is 
available, placebo will generally not be acceptable and then comparisons should use add-on 
designs. In this cluster, efficacy is based generally on a single hard objective and clinically 
relevant end-point, often binary. 
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In particular, the rarity of the condition, the difficulties in recruitment and a short period to 
response assessment, make, in general, adaptions and sequential designs suitable approaches to 
optimise the trial size. Placebo can be used as control treatment if added to SOC or to BSC.  
 
A sequential design for small populations is a suitable option that may minimise exposure to 
placebo and optimise trial size. In the simulation it has shown to be more efficient and with less 
ethical drawbacks than an adaptive survival RCT with sample size reassessment and hypothesis 
testing, while both improve similarly the robustness of evidence and ability to provide causative 
evidence. 
 
Bayesian methods may be applied to define stopping rules for both futility and superiority in 
group sequential analyses. Bayesian approaches to discard minimum required activity to 
continue an arm are good options for implementation of adaptions if dose finding designs are 
implemented such as in sequential multi-arm trials with simultaneous stopping rules, or in 
seamless phase II-III trials joining dose-finding with confirmation of efficacy. Bayesian 
approaches could be feasible also for implementing sample size reassessment or other 
adaptions, or for better integration of data increasing information and improving interpretation 
at the end of any study, especially if information on the condition already exists and is similar to 
the one obtained in the trial. 
 
For diseases without SOC or trials in patients who have exhausted all SOC options, controls 
may be historical or external; also, even uncontrolled trials assessing change from baseline or 
superiority to substantiated expectations may be justified, but then uncertainties are substantial 
and there are serious difficulties to measure size of effect and to establish causative inferences 
from data. Thus, in the absence of the possibility to perform a randomized placebo controlled 
trial due to ethical reasons, the use of high quality historical controls may be an alternative. 
Methods for multiple end-points like the Fallback tests for co-primary and the optimal exact test 
for binary endpoints may not add value unless multiple organs are involved in heterogeneous 
way. 
 
Conditions with a single acute episode do not allow designs with intrasubject controls, including 
cross-over and challenge-dechallenge-rechallenge designs.  
 
Longitudinal designs with repeated measures are not suitable for acute single episode 
conditions. 
 
Delayed start is not a suitable option given the seriousness, usually life threatening, of the 
condition.  
 
Classic designs remain a gold standard in terms of robustness and would usually be an 
acceptable option provided that there is effective treatment available or the experimental 
treatment is given on top of SOC, then allowing placebo control studies.  
 
 
 
 



RESULTS  

 

110 

 

5.5.2. Condition Cluster B: Acute repeated episodes 
 
This cluster is characterised by prevalent subjects who suffer clear-cut repeated episodes 
separated by relatively healthy periods. The condition has a well-known predictable clinical 
course, with repeated clinical episodes led by one organ/system, which are generally due to a 
single biological or physiological abnormality which -if severe or immunological- may derive 
into multiorganic impairment. Baseline status may deteriorate along years due to repeated 
episodes. 
 
In general, there are clinically relevant time-related end-points, measuring the underlying 
activity of the abnormality through number of episodes by time. If the condition is mild, 
variables may be based on patient reported outcomes. If the condition is serious, then 
dichotomic clinical end-points can be used.  
 
Two different indications can be considered: treatment of acute episodes and prevention of new 
episodes. If the condition is returning to normal after acute episode, start-stop designs 
(withdrawal, cross-over and intrasubject comparison) may be applicable for both indications. 
For treatment of acute episodes, variables generally include remission of the episode (binary), 
time to remission of the episode (time to event) or intensity of the episode. For prevention of the 
episodes, variables generally rely on number of episodes per time. Longitudinal designs with 
repeated measures may be applied if the number of events in a period is clinically more 
important than the time to first episode. Designs where repeated measures are taken into 
account, with or without weighing by severity of flare, could be an alternative for drugs with 
lower effect size. 
 
Use of placebo is generally limited in time for non-life-threatening conditions, or when there is 
lack of prognostic consequences for periods without treatment. A rescue plan is needed (both 
for placebo or experimental treatment). 
 
Short period to response assessment allow adaptions and sequential approaches in general. A 
sequential design based on dichotomic assessment of occurrence of first flare may be an 
efficient approach to this trial. Arm-dropping adaptions may be useful if coupled to sequential 
approaches to support dose-finding through futility interim assessments – Bayesian methods to 
discard minimum required activity to continue an arm are good options for implementation of 
such adaptions. 
 
Bayesian approaches could be feasible also for implementing sample size reassessment or other 
adaptions, or for better integration of data increasing information and improving interpretation 
at the end of any study, especially if information on the condition is already existing and similar 
to the one obtained in the trial. 
 
Tools to ensure that balanced randomization is achieved are important.  
 
Multiple end-points may not add value unless multiple organs are involved in a heterogeneous 
way.  
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Enrichment methods are clearly improving ability to detect treatment effect, although may 
overestimate size of effect and may be less preferable than conventional parallel designs when 
the latter are feasible. 
 
A remitting – relapsing course is theoretically allowing the use of designs with intrasubject 
control, the backside being that even if efficacy can be demonstrated, there is less overall 
subject exposure for safety purposes. 
 
Challenge-dechallenge-rechallenge methods, which were applied in the actual development for 
the pivotal trial, are particularly compelling and convincing to regulators, since causality 
conclusions derived from temporal sequence of events are robust and intuitive. Besides, from 
ethical perspective seem to be almost the only solution in serious conditions with intense 
clinical expression when a reasonable plausibility on treatment efficacy exists a priori, provided 
that the response to treatment is not irreversible and follows a close temporal relationship with 
drug dosing, so that induction of response is quick after drug administration, disease flares back 
soon after drug withdrawal, and response can be achieved quick again on reintroduction of drug. 
 
External controls, if robust, could provide support to single arm trials, but only if the natural 
history of the condition is invariably showing poor prognosis and the size of effect in treated 
subjects is expected to be outstanding. Rates of flares may be compared between groups, or 
patients may be paired with similar patients in external group, but frequency and type of 
assessments should be standard enough as to ensure comparability is not impaired. 
Delayed start can be a useful approach in this setting, since allows covering ethical concerns (all 
patients will access the experimental treatment), provides a true baseline assessment, may thus 
control for overestimation of effect size, and may allow describing prognostic impact and 
persistence of effect on the long term.  
 
Early rescue shares benefits with delayed start, but if number of failures is anticipated to be 
high, may compromise blinding and trial integrity, and may difficult the estimation of the effect 
at the foreseen time of main assessment for efficacy, if substantially later than average rescue. 
 
Classic parallel double blind randomized designs remain a gold standard in terms of robustness, 
although may be logistically and ethically difficult to implement, and generally require higher 
sample sizes. 
 

5.5.3. Condition Cluster C: Chronic stable/slow progression 
 
The cluster is characterized by conditions that are life-long lasting and affecting mainly a single 
system/organ, with constitutive activity due to deficiency or impairment of function and a 
predictable well-known clinical course. Often there are available surrogates, which measure the 
underlying defect or function deficiency directly, and often can be validated. 
 
In general, a current SOC or BSC is generally available but not always evidence based. Since 
prevalence is higher than incidence. Recruitment may be more rapid than subject follow-up, 
potentially limiting the role for sequential designs and some adaptions.  
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Because of the relatively stable course of the condition, start– stop based methods (crossover, 
withdrawal) and methods with intrasubject comparisons may be applicable and useful to control 
for intersubject heterogeneity. 
 
Given that many outcome measures are based on clinical assessments and may have a subjective 
component, double blind would be generally required; when standard treatment is well defined, 
using add-on designs unless treatments share mechanism of action – then direct comparison 
may be required with non-inferiority approach. 
 
Safety requirements must be widely assessed due to chronicity; especially if conditions are 
relatively mild with current SOC. 
 
The difficulties for interpretation of clinical relevance and heterogeneity in clinical presentation 
support that a Goal Attainment Scale may be used as secondary variable to provide support for 
clinical relevance of findings, especially if methods that allow concluding on small samples, are 
applied. Due to heterogeneity, stratification by severity is required to a priori appropriate 
management of analysis of subgroups.  
 

5.5.4. Condition Cluster D: Chronic progressive led by one organ/system 
 
The cluster includes conditions with an initial impairment of one system/organ, which may or 
not involve others along time; clinical course is longer than acute conditions, often year(s). The 
conditions often are progressively impairing life quality and/or quantity of life, typically 
subjects are seriously disabled due to disease. Current SOC is generally symptomatic or 
supportive. 
 
Disease assessment is often highly dependent on patient inputs, with (time to change in) 
function(s) and QoL being key components of the efficacy measures. Because multiple end-
points usually in the same domain may be acceptable/required, co-primary endpoints are useful 
variables.  
 
There is frequent heterogeneity in clinical expression. Surrogates that allow early (interim) 
results can be used for decision making but require support for clinical relevance and validation 
may be difficult if requiring many years and large sample size to conclude on clinical events. 
Variables are often relying on patient reported outcomes, and patient perceptions on the disease; 
disability and QoL may be relevant for decision-making. Thus, methods as GAS may be useful 
to support regulatory assessment of clinical relevance. 
 
Due to progression, start stop methods and intrasubject comparison generally not feasible, and 
parallel trials are needed when heterogeneity or poor predictability of clinical course are present, 
with add-on to SOC. Enrichment designs may reduce heterogeneity and sample size 
requirements, but may impair feasibility of recruitment. 
Some adaptions can be applied along the trial. When the condition is severe, classical parallel 
sequential designs with long term comparison may not be applicable because of ethical concerns 
and reluctance to randomisation and/or placebo. Early rescue and crossing over of patients after 
a given period can be useful, such as in delayed start studies. Also, unbalanced randomisation 
may be useful. 
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5.5.5. Condition Cluster E: Chronic progressive led by multiple organs/systems 
 
The cluster includes life-lasting diseases, often of paediatric onset, and, if mild or available 
SOC, affecting (young) adults. Thus, prevalent cases can be expected to be much more frequent 
than incident cases, and if he condition is not rapidly life-threatening, prospective registries 
often feasible and available 
 
Parallel designs will be generally needed, due to progression and intersubject variability. 
Enrichment /stratification may be useful to control heterogeneity. Previous information on the 
clinical course can be suitable for Bayesian approaches and planning of adaptions. However, 
sample size adaptions and sequential designs, although applicable, are not considered increasing 
efficiency if patients are already available for study entry and the use of placebo does not cast 
major ethical/practical concerns. Comparison on top of SOC allow to manage reluctance to 
randomisation, but feasibility may be limited if using placebo, especially in paediatric 
population, or when there is concern on progression and lack of effective SOC. Unbalanced 
randomisation, delayed start and early escape/crossing over may be useful to limit placebo 
exposure and cover ethical concerns. 
 
The clinical course may be highly variable, with impact in multiple system/organs that differs 
across subjects and requiring multidimensional assessment and endpoints. 
 
Variables often are quantitative measurements of impairment of organs or clinical or functional 
assessments relying on subjective assessments from caregivers/patients. New methodologies 
taking profit of the multidimensional nature of the condition, like the fallback tests for co-
primary endpoints and the optimal exact tests for multiple binary endpoints, are useful options 
in order to generate a more complete and compelling evidence of efficacy and safety. They may 
be useful to minimize risk for negative trials due to failure in the choice of the most sensitive 
variable amongst a number of relevant choices, and also to facilitate generalization of the study 
results.  
 
QoL is a relevant supportive end-point for regulatory and clinical decision making. Because of 
heterogeneity and chronicity of functional impairment, the GAS can be useful as a supportive 
secondary variable to inform on the clinical relevance of findings.  
Previous data on event/response rate or variance is often available for current SOC. Many 
inherited conditions allow development of targeted therapies based on physiopathology. Thus, 
biomarker surrogates may be useful for early (interim) decision-making, although it may not 
always be possible to validate along the clinical development. Thus, post-marketing follow-up 
and registries are a regulatory strategy to handle uncertainties at the time of MAA. 
 

5.5.6. Condition Cluster F: Chronic staged condition 
 
The cluster includes conditions with clearly defined clinical stages which are related to 
prognosis and difficult to study together. Thus, different severities or extensions of disease have 
different prognosis and treatment approaches, and disease extension is a key variable, either 
time dependent or not. Consequently, stratification by the different stages of the condition is 
often applied to account for heterogeneity when patients in different stages are included in the 
studies. 
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Outcomes are generally referred to progression, stagnation or reversal of the condition, with 
time to change of stage and/or extension of the body or organ involvement as a relevant measure 
of disease. For those neoplastic, imaging is preferred method for staging; haematological 
conditions also assess tumour burden, and non-malignant conditions generally measure subject 
function as a surrogate to organ involvement.  
 
Also, the use of more than one endpoint is an option to obtain a robust evidence of the effect of 
the treatment. QoL is relevant for all. 
 
Since staged conditions are often chronic or subchronic, a long follow-up is required. The use of 
sequential methods and adaptive approaches can be useful in this cluster. The use of time to 
event endpoints is also a characteristic of conditions classified as staged diseases, thus, the 
proposal of applying methods for sample size reassessment and hypothesis testing in adaptive 
survival studies is a recommendation that could be valid in many situations. 
 
Stage determines both the design of trials (through stratification of predefined subgroups) and 
the type of variables (main variable being different in each stage); a variable may be change of 
status e.g. progression of disease by a given predetermined amount). Also, when feasible, 
reversal to initial stages or remission of the disease is also a possible endpoint. 
 
If reversal is not feasible, late stages have poor (fatal) prognosis and mortality is a frequent 
endpoint. Multidimensional and multiple objective measurable end-points would be acceptable 
in milder conditions; if progression is rapid hard end-points may be feasible as end-points for 
clinical trials. Often survival designs are applied. Repeated measurements are generally 
applicable along patient follow-up. 
 
Enrichment designs may use biomarkers selecting potential responders and may reduce sample 
size requirements but also may difficult recruitment and reduce external validity of results. 
 
Well documented case series on natural course may be available that may allow application of 
Bayesian approaches and allowing external/historical controls for ultra-rare/poor prognosis. 
 
Because of the progressive course and often the poor prognosis of these conditions, there may 
be high willingness by patients to accept participation in trials, even when a SOC is available 
that is not much efficacious; when the prognosis is poor, methods to limit placebo exposure are 
required to cover ethical concerns, such as unbalanced randomization and early escape or 
rescue, but frequently trials are single armed. 
 
Safety requirements may be less stringent or delayed if progression is rapid and severe but 
should always consider impact on QoL. 
 



 

115 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

6. DISCUSSION 



 

116 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   DISCUSSION 

 

117 

  

6.1. Regulatory uncertainties associated to OMP development 
 
Efficacy of new treatments requires scientific demonstration before such treatments are deemed 
appropriate for use in routine clinical practice. Furthermore, the risks associated to the use of 
new medicinal products require qualification and quantification to ensure that any potential 
impact on public health can be foreseen and managed. The analysis of the benefits and risks 
balance of a new treatment is the basis for the regulatory assessment of new products, and thus 
requires a detailed description of both anticipated benefits and risks. This analysis takes into 
account not only the demonstrated benefits and risks, but also the existing uncertainties and 
limitations of the evidence on benefits and risks (93). The higher the level of uncertainties at the 
time of making this analysis, the less solid and robust the basis for a conclusion is, with the 
potential negative consequences that weak decisions may have for the public health (94–96). 
Therefore, well designed and sufficiently powered clinical experiments are the way to collect 
robust efficacy and safety information.  
 
However, generating robust evidence with small subject samples is a methodological and 
logistic challenge that may discourage sponsors from researching new treatments for rare 
diseases. The poor understanding of the natural history of the disease progression, difficulties to 
achieve an accurate diagnosis, heterogeneous patient populations with variable phenotypes and 
clinical courses, limited number of patients plus geographic dispersion of patients and 
investigators, regulatory uncertainties, difficulties in choosing clinically relevant outcomes, and 
lack of prior experience in conducting clinical studies that could serve as guidance, have all 
been highlighted among the main difficulties (7,52). 
 
These particularities explain why orphan drugs development pose unique challenges and, in 
spite of the advances made during the past years, recent analyses conclude that difficulties in 
orphan drug development persist (29).  
 
As a consequence, the regulatory decision for OMP has to be taken with higher uncertainties 
than those handled in conventional diseases. This has been reflected by several authors.  
 
Picavet at al. found that the pivotal studies that are the basis for marketing authorization of 
OMP exhibit methodological flaws that are a cause of important concern i.e. the lack of QoL-
related endpoints as outcome, lack of blinding in the study design and the use of surrogate 
endpoints, and concluded that a more demanding regulatory process for OMP is needed to guide 
evidence-based clinical decision-making (97).  
 
Dupont et al. analysed the Belgian reimbursement decisions of orphan drugs as compared with 
those of innovative drugs for more common but equally severe diseases. The authors found that 
only 52% of the 25 orphan drug files included a RCT as opposed to 84% in a random control 
sample of 25 non-orphan innovative submissions (P < 0.01). Despite the poorer quality of the 
evidence supporting OMP marketing authorisations, the proportion of submissions that were 
granted reimbursement was statistically significantly higher for orphan than for non-orphan 
innovative medicines (88% vs. 63%, respectively, p= 0.02) (98).  
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Another comparative analysis of the characteristics of pivotal trials to support FDA approval of 
orphan vs. non-orphan drugs in cancer was conducted by Kesselheim A. et al. The authors 
concluded that, compared with pivotal trials used to approve non-orphan cancer drugs, pivotal 
trials for recently approved orphan drugs for cancer were more likely to be smaller and to use 
non-randomized, unblinded trial designs and surrogate end points to assess efficacy (16).  
 
A similar exercise was performed by Mitsumoto J. et al., who found that while all drugs for 
neurological diseases approved without an orphan indication included at least two randomized, 
double-blind, placebo-controlled trials, by contrary, 32% of drugs with an orphan indication had 
at least two such trials (p < 0.001), 74% had at least one (p = 0.02), 33% did not use a placebo 
control, 27% were not double blind, and 12% were not randomised (17). 
 
Consistent results were found by Bell SA. et al. who compared the characteristics of 
interventional clinical trials registered at ClinicalTrials.gov in rare versus non-rare diseases up 
to September 2012, and found that rare disease interventional trials differ substantially from 
those in non-rare conditions, with differences in enrolment, design, blinding and randomization: 
rare disease trials enrolled fewer participants (median 29 vs. 62), were more likely to be single 
arm (63.0% vs. 29.6%), non-randomised (64.5% vs. 36.1%) and open label(78.7% vs. 52.2%) 
(15). 
 
More recently, an analysis of the regulatory evidence supporting EU OMP authorization from 
the start of the Orphan Regulation (EC) 141/2000 until December 2014 concluded that the 
regulatory evidence supporting these authorizations showed substantial uncertainties, including 
weak protection against errors, substantial use of designs unsuited for conclusions on causality, 
use of intermediate variables without validation, lack of apriorism and insufficient safety data to 
quantify risks of a relevant magnitude (42).  
 
In this context, the already existing and newly developed regulatory tools aimed to foster early 
access to innovative medicinal products in areas of high unmet medical need (which is usually 
the case for most OD) add further uncertainties to the regulatory decision-making process. 
Regulatory provisions, like the conditional marketing authorization (41) and initiatives for the 
adaptive licensing (99), substantially increase the level of uncertainties at the time of drawing a 
regulatory opinion, as long as these tools allow concluding on the basis of less amount of 
information or an incomplete clinical data package, i.e. before comprehensive data are available.  
 
The attempts to ensure a timely access to innovative medicines in areas of unmet medical need 
pose additional risks, as long as uncertainties faced at the time of granting a marketing 
authorisation are expected to be duly and timely addressed during the post-marketing.  
However, some published data indicate that this is not usually the case. A study conducted by 
Hatswell, A J. et al. revealed that, in spite of the frequency with which approvals are granted 
without RCT results, there is no systematic monitoring of such treatments to confirm their 
effectiveness or consistency regarding when this form of non-randomised evidence is 
appropriate(100). Furthermore, a systematic evaluation of oncology drugs approvals by the 
EMA showed that most cancer drugs entered the market without evidence of benefit on survival 
or quality of life, and that after a minimum of 3.3 years from market entry, there was still no 
conclusive evidence that these drugs either extended or improved life for most cancer 
indications (101). 
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Therefore, OMP marketing authorizations face a high-level of uncertainty during the decision-
making process, and this may have obvious negative consequences for the public health. In 
addition to the potential misuse/waste of limited economical health resources that this may 
imply, uncertainties on the actual benefits and risks of a given medicinal product may expose 
patients to potentially unacceptable safety risks, and/or to the risk of losing a window of 
therapeutic opportunity by receiving a potentially ineffective drug (95,96,102).  
 
Thus, there is a huge and urgent opportunity for improvement, both for making a more efficient 
use of available human and economic resources, and for generating sufficiently robust evidence 
to allow for better benefit risk balance assessment with a substantially lower level of 
uncertainties than currently faced. This is particularly important in front of the challenges posed 
by the early access initiatives.  
 

6.2. The role of novel methodologies in orphan drugs developments 
 
Many barriers exist to advancing knowledge of, and finding treatment options for, rare diseases. 
The small target populations can dampen commercial interest in development of treatments. But 
even for those rare conditions where manufacturers of therapeutics are engaged, methodological 
and data constraints limit the ability to generate evidence on patient health outcomes (52). 
 
There are no special methods for the design, the operational execution or the analysis of clinical 
trials in small populations. Conventional parallel group RCT, which randomly allocate 
participants to one of two or more treatment groups, are not always feasible in rare conditions. 
However, in recent years, innovative epidemiological and clinical trial methods have been 
developed which may constitute viable pathways for collectively advancing in the study of rare 
diseases. These novel methodologies offer promise for promoting more efficient and effective 
research.  
 
Gagne J.J. at al. conducted a methodological review to catalogue and describe innovative 
approaches to studying health outcomes in patients with rare diseases, that have been, or can be, 
applied to overcome the methodological challenges inherent to the study of rare diseases (52). 
Designs aimed to reduce sample size requirements include adjustments to traditional 
randomized trials like, e.g. choosing longer trial duration, use enriched populations, or tackling 
multiple treatment options in a factorial study. Also, selection of outcome measures more 
sensitive to changes, like a continuous outcome variable, a surrogate marker, a composite 
endpoint, or repeated measure outcomes, may all allow capturing outcomes more precisely, or 
more events among the trial participants, thus reducing sample size requirements. In addition, 
novel trial design strategies suitable to account for small pools of patients with rare diseases 
have also been proposed, like trials featuring flexible designs that allow modification of some 
aspects of the trial based on prospectively planned interim data analyses, e.g., adaptive 
randomization and sequential trials, and its many variants. Despite using these methods, 
individual trials may remain underpowered. To overcome this problem, results can be 
incorporated into a prospectively planned meta-analysis or into a Bayesian framework. 
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There are also strategies aimed to maximize information obtained from on-treatment 
participants, to facilitate recruitment for patients with rare diseases who have limited treatment 
options, and, at the same time, some designs can also reduce recruitment requirements, e.g. 
crossover trials and its variations like the randomized withdrawal studies. 
 
Further, new methods and refinement of previously described alternative designs have been 
developed in the recent years (20,71–83). Alternative methods are different methodological 
approaches aimed to increase the efficiency of clinical trials, and thus can help in addressing 
many of the challenges posed by clinical developments of orphan drugs. Paradoxically, they 
have been mostly used in large clinical trials supporting marketing authorisation decisions for 
prevalent conditions.  
 
Therefore, there is need to increase awareness of the armamentarium of available research tools 
and their utility.  Furthermore, there is also a need to continue developing new designs and 
statistical methods, or refining the existing ones, in order to face properly the challenges of 
orphan medicines development. This will contribute to the conduct of more efficient clinical 
development plans for OMP and to generate more robust evidence, able to substantiate more 
solid benefit/risk decisions.   

6.3. Regulatory tools aimed to assist applicants during OMP 
development 
 
Even with all the evidence available, regulatory uncertainties during the decision-making 
process are commonly present. In example, there may be uncertainty in benefit stemming from 
limits in our scientific understanding of a disease, from inconsistent or contradictory evidence 
across multiple studies, or from the relationship between study population and those who will 
actually take the drug. Uncertainty about risks may stem from numerical imbalances of adverse 
events in treatment and control groups where statistical testing is not reliable due to lack of pre-
determination, small size and multiplicity concerns, or from post-market data obtained from 
sources of varying levels of rigor, or from the ability of the health care system to adequately 
manage a risky drug.   
 
In more complex situations, like is usually the case for orphan drug developments, uncertainties 
can be significant. These are derived not only from the logistic and methodological challenges 
faced during drug development and the necessarily reduced evidence-base for the decision-
making, but also for the increasing frequency in which decisions are taken on the basis of an 
immature or incomplete dossier, i.e. when early access tools are accessed (103).   
 
Drawing conclusions in the face of uncertainty is a complex task, where subjective value 
judgements take a relevant role, thus increasing the likelihood of wrong decisions. This poses 
important risks, mostly derived from the potential consequences for the public health that may 
have to grant a marketing authorisation for a potentially ineffective treatment and/or for a drug 
with a worse than expected and hardly acceptable safety profile (102).  
 
Reducing uncertainties at the time of granting a marketing authorisation is critical to facilitate 
the decision-making process and to minimize any potential risks for the public health. 
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Thus, regulators are particularly committed to support developers on the appropriate studies to 
be conducted in the development of a medicine in order to generate adequate data for the 
benefit-risk assessment at the time of MAA, and thereby facilitating the introduction of new, 
safe and effective medicines (24).  
 
In the particular case of OMP development, the lack of prior experience in the conduction of 
trials in OD to guide developments, and also the absence of specific regulatory guidelines, 
causes uncertainty for drug developers on what to provide with the approval package, 
particularly when not prior experience does exist.  
 
Therefore, a more thorough assistance to the sponsors early during clinical drug development is 
needed. Scientific advice procedure can help in addressing challenges for individual cases and 
increase the likelihood of a favorable outcome as shown by Regnstrom J et al. and Hofer M et 
al. (24,40,104). However, in view of the repeated profile of limitations of orphan drug 
developments, and the frequently asked questions and requests for scientific advice procedures, 
it is clear that there is a need to strengthen the methodological recommendations applicable to 
the development of OMP by means of regulatory guidelines. This will likely help to address the 
methodological flaws often encountered in orphan drug developments.  
 

6.4. The ASTERIX Project 
 
The objectives of the ASTERIX Project (55) were to develop design and analysis methods for 
single trials and series of trials in small populations, to assess the applicability of these new 
methods to orphan conditions, and to provide a set of recommendations. The ASTERIX Project 
was a unique effort aimed to address the challenges of OMP developments by developing novel 
methods and designs that might be more efficient or robust in small populations, or better suited 
for these conditions, thus addressing the methodological flaws of OMP developments. This 
project was ultimately aimed to provide a practical guidance on the applicability and added 
value of these methods to the different orphan conditions, in order to assist Applicants during 
the planning and developing process of an OMP, and consequently, to facilitate the regulatory 
decision-making process. 
 
Different frameworks are available that are typically aimed to propose algorithms or decision 
processes to arrive at the most suited design for a given clinical trial. These frameworks focus 
either on a specific condition (105,106), a specific method or group of methods (107,108), or 
provide general recommendations (109–112). Some of the proposed frameworks have attempted 
to tie attributes of interventions and rare diseases to specific methodological approaches.  
 
Cornu C. et al. proposed an algorithm for the choice of an appropriate trial design in the 
development of orphan drugs based on a number of identified design characteristics that seemed 
most likely to guide the choice of a specific design. These included the use of reversible or 
irreversible outcomes, fast (defined as up to a few weeks) or slow response to treatment, 
possibility of minimising the time on placebo, possibility that all patients received active 
treatment by the end of the trial, and possibility of performing intra-patient or inter-patient 
comparisons (109).  
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Gupta and colleagues proposed an alternative framework to help investigators to determine 
when different designs are appropriate. The framework takes investigators through a series of 
questions to assess the usefulness of alternative designs in particular situations. The choice 
between methods is guided by factors related to the intervention, disease, anticipated 
recruitment duration and success, and current state of knowledge about the treatment (110).  
 
A different framework was proposed by Parmar M. at al., aimed for designing randomised trials 
and to address the problem when the ideal sample size is considered larger than the number of 
participants that can be recruited in a reasonable time frame. Staying with the frequentist 
approach, the authors propose a framework that includes small iterative alterations to the design 
parameters with the aim to increase the numbers achievable, and also potentially reduce the 
sample size target (111). 
 
Abrahamyan et al. presented a conceptual framework to guide researchers in choosing among a 
number of study designs based on the characteristics of the intervention (if it has a predictable 
and rapidly reversible effect), if the time between study inclusion and outcome assessment is 
short compared with accrual time, if therapy is likely to provide a lasting response, and the 
possibility of randomization to placebo (112).  
 
Recently, Whiecher D. et al. (113) reviewed all these available algorithms for matching study 
design to rare disease characteristics, and summarized applicable methodological and analytic 
approaches. The authors conclude that using these approaches can facilitate the completion of 
RCTs that are adequately powered and proposed the creation of an effective research 
infrastructure that could help in prioritizing studies, accelerate accrual, catalyze patient 
engagement, and avoid waste in research. 
 
However, most of these general algorithms or frameworks are guided by items related to only a 
few characteristics of the condition such as clinical course, timing and reversibility of the 
outcome, or trial feasibility, and they are not always exhaustive to fit all possible situations. 
Furthermore, these frameworks in general only account for the frequentist methods, which are 
more familiar to researchers, review bodies and regulators, keeping Bayesian approaches and 
novel methodologies recently developed aside.  
 
Importantly, all these algorithms focus on the design of the pivotal studies but do not consider 
the development program in its totality, and how novel designs and methods of analysis can 
contribute to an efficient use of resources while generating the needed solid evidence to 
substantiate regulatory and clinical practice decisions. Since early decisions in the clinical 
development process are increasingly more important as early access is a reality, adequate time 
should be set aside and early in the development to carefully plan the overall development plan 
and get the design of the clinical studies right (111).  
 
The limitations of the existing frameworks to provide guidance that directly incorporates 
characteristics of the medical condition treated are obvious. Apart from their low prevalence, 
OD is a highly heterogeneous group of diseases. Such heterogeneity makes it very difficult to 
issue useful regulatory recommendations relevant to all (or at least most) possible clinical 
situations in the course of uncommon diseases. Nevertheless, some groups of conditions share 
similar clinical characteristics linked to the applicability of certain trial designs and general 
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approaches (61). Thus, within the ASTERIX project, a heuristic framework was proposed that 
could help identify groups of medical conditions for which similar methods could be useful for 
drug development ((114) to appear), (115).  
 
The framework of medical condition clusters is considered a practical tool to guide developers 
throughout the different methods and design analysis. The advantage of this approach is that 
guidance is provided taking the main characteristics of the disease course and the intended 
therapeutic indication as the starting point, which is a similar approach to that followed when 
planning the developing program of a given medicinal product. Thus, from a regulatory point of 
view it is considered an intuitive and practical approach. Furthermore, going from the disease 
context and the intended therapeutic goal is also the way clinical investigators face research 
questions aimed to address clinical practice problems. Therefore, taking into account the key 
role that academia research plays in orphan drug developments, the cluster of medical 
conditions is also considered an intuitive approach matching the researcher´s point of view.  
 
 For these reasons, the proposed cluster of medical conditions was applied as a way to structure 
the evaluation of the applicability of (novel) methods and their added value, and is considered a 
suitable tool to provide guidance, which could be given more specifically at the condition 
cluster level.  
 
In that sense, the present approach can be considered similar to some of the existing algorithms. 
However, the current proposal goes beyond these approaches, which just focus in choosing the 
best design for the pivotal study and considers the applicability of all existing methods and their 
added value in the context of a complete development program.  
 

6.5. Revision of available EU regulatory guidelines relevant for orphan 
diseases 
 
The lack of prior experience in the conduct of trials that could guide developments and the 
absence of specific regulatory guidelines causes uncertainty for drug developers on what to 
provide with the approval package, particularly when not prior experience does exist.  
 
The systematic search conducted for EU guidelines related to the conduct of clinical trials of an 
OMP development plan was firstly intended to establish the actual situation with regards to 
availability of regulatory guidance for orphan conditions. It was found that 39% (71/182) of 
EMA’s guidance documents were applicable to the clinical development of OMP; 25.3% 
(46/182) of EMA´s documents had general applicability, 12.6% (23/182) had specific 
applicability, and 1.1% (2/182) both general applicability as well as specificity was revealed. 
Formal reference to rare diseases and/or OMP were found in up to 50.7% (36 of the 71) of 
documents considered applicable, but it is noted that 14.1% of documents (10 out of the 36 
documents with formal reference) the reference to rare diseases was accompanied with limited 
or none specific information on the characteristics which are considered important when 
designing and conducting a clinical trial. 
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These results revealed the existence of some but limited and disperse guidance to provide 
references on the design of studies for the demonstration of efficacy (and safety) of medicinal 
products in small populations suffering from a rare disease. Less than half of the existing 
regulatory documents are applicable to OMP investigations, while those specific to rare diseases 
are even fewer.  
 
Among the documents with general applicability, those that had references to rare diseases were 
found to be less than one quarter. This could be explained as if the same principle would apply 
regardless of the prevalence of the condition or, by contrary, that orphan conditions are just the 
anticipated exceptions where seeking scientific advice is recommended.  
 
On the other hand, the experience gained during these past years has led to the development of 
disease specific guidelines for some orphan conditions, where more specific and concise 
recommendations were found in line with those existing for more prevalent conditions. 
Nevertheless, it was found that often similar recommendations with respect to requirements for 
the design of main studies are given for substantially different diseases that have similar course 
of disease, or certain medical characteristics. In other cases, information was found to be not so 
concise regarding the rare conditions, e.g. the case of other dementias that were included in the 
guideline dealing with Alzheimer disease. 
 
Consistently, most of documents specifically applicable to OMP investigation included very 
scarce recommendations on statistics. In the most recent guidelines, cross-reference to the 
specific biostatistics guidelines was nevertheless found.  
 
Considering all the above, the information that was found to be specifically addressed to clinical 
trials for OMP investigation, is considered fragmented and not always consistent. 
 
As this review revealed, general applicability guidelines, even if mentioning rare diseases, do 
not cover most of the issues relevant to the development of OMP, such as the level of evidence 
needed or the acceptability of innovative methods. In example, although the value of novel 
methodologies to the design and analysis of studies in small populations is recognized, the only 
document mentioning them is the Guideline on clinical trials in small populations(49), which 
summarises a range of possible approaches in the context of small populations in drug 
development, acknowledging that any efficiency improvements for small population clinical 
trials would also be relevant to larger trials and vice-versa.  
 
Therefore, identifying aspects that are more controversial when dealing with rare diseases and 
developing specific guidance on these issues were deemed a good starting point in order to 
enhance the clinical investigation of OMP. This will likely help to address the methodological 
flaws often encountered in orphan drug developments. Nevertheless, it is acknowledged that 
more specific guidance is considered difficult at disease level due to different limitations; 
including the large number of identified OD most of them with scarce knowledge on its natural 
history, deficient diagnostic methods and non-existent previous drug development. Our 
alternative approach, whereby recommendations could be given at a group of conditions level, 
appeared a more realistic one. 
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6.6. Evaluation of the applicability of the methods developed within 
ASTERIX Project 
 
The new methods developed in ASTERIX included new proposals for interim analysis and 
stopping rules in multi-arm parallel trials, methods for sample-size reassessment, rules to 
optimise boundaries in group-sequential designs, methods to tune the use of prior information 
from similar trials in Bayesian analysis, considerations to apply flexibility to the level of 
evidence, new approaches to analyse multiple endpoints, a patient-centered instrument for 
heterogeneous functional outcomes and two methods for meta-analysis of sparse binary data.  
 
The applicability requirements for the methods included mainly the type of measurement (i.e., 
binary or continuous variable, single or multiple main endpoint, scarcity of data), availability of 
more than one trial, availability of previous studies with good quality data, the length of time to 
end-point as compared to the time to complete recruitment, and feasibility of randomized 
designs. 
 
The potential applicability of methods and advantages was evaluated based on information from 
actual trials. In the first, static step, it was found that all individual methods were directly 
applicable to a minimum of 1 (4%) up to 9 (35%) of the 26 EPARs, and overall each method 
was applicable to a minimum of 1 (17%) and a maximum of 5 (83%) of the 6 clusters. In the 
second, dynamic step, it was found that the individual methods were applicable in 1 (4%) up to 
17 (65%) of the EPARs, and a minimum of 1 (17%) out of 6 and a maximum of 6 (100%) of the 
6 clusters. 
 
In general, the applicability of methods within the disease clusters can be summarised as 
follows: 
 

• Condition cluster A: acute single episodes can benefit most from innovative trial 
designs and partially from methods addressing the study endpoints. GAS cannot be 
applied. Overall, up to 27% of the tests concluded some degree of applicability for the 
ASTERIX novel methods.   
 

• Condition cluster B: acute recurrent episodes, was a good ground for all groups of 
methods, especially for innovative trial designs and also for meta-analysis methods. 
GAS cannot be applied. Overall, up to 53% of the tests concluded some degree of 
applicability for the ASTERIX novel methods. 
 

• Condition cluster C: chronic stable/slow progression contained OMP for which all 
methods groups were applicable, including GAS, except for meta-analysis methods. 
Overall, up to 31% of the tests concluded some degree of applicability for the 
ASTERIX novel methods. 
 

• Condition cluster D: chronic progressive led by one system/organ, contained OMP for 
which all methods were mildly applicable to some extent, except for meta-analysis 
methods. GAS can be applied in this cluster. Overall, up to 27% of the tests concluded 
some degree of applicability for the ASTERIX novel methods. 
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• Condition cluster E: chronic progressive led by multiple systems/organs, contained 
OMP for which all methods groups were applicable, except for meta-analysis methods. 
For this cluster, GAS was found particularly applicable. Overall, up to 40% of the tests 
concluded some degree of applicability for the ASTERIX novel methods. 
 

• Condition cluster F: chronic staged diseases contained OMP for which all methods 
groups were applicable, except for meta-analysis methods. For this cluster, GAS was 
also found applicable. Overall, up to 40% of the tests concluded some degree of 
applicability for the ASTERIX novel methods. 

 
While all ASTERIX methods evaluated were applicable to some extent in at least one situation, 
and in total could add value on average in 76% of the condition clusters, they were often not 
directly applicable to the actual trial design or approaches used during clinical development of 
the OMP as described in the EPAR.  
 
Previously proposed frameworks for guiding on the applicability of novel methodologies relied 
on a single characteristic of the condition under investigation to determine the suitable methods. 
However, as recognized by Abrahamyan at al.(116), recommendations guided by a single 
characteristic might not be a useful one given that many of the characteristics relevant to 
determine the applicability of methods are not mutually exclusive and thus, several approaches 
might be feasible for a single research question. Thus, for the first time the applicability exercise 
was performed in a limited group of conditions that are defined by some of the most relevant 
aspects that determine general applicability of methods. This allow considering all the 
possibilities applicable in a particular case, and to select those finally considered most suitable 
to address the challenges of this particular case.  
 
Nevertheless, this was not an exhaustive exercise, so that applicability within the clusters was 
based on the 4-6 EPARs evaluated within each cluster and thus might not be fully generalizable 
to all conditions and drug development plans within the cluster. Further, given that the total 
number of EPARs within each cluster varied substantially (ranging from 9 to 38 in cluster B 
acute recurrent episodes and in cluster F chronic staged conditions, respectively), the 
quantitative representativeness of the examples within the clusters differed substantially 
(ranging from 10% of all existing EPARs in cluster F chronic staged conditions being tested up 
to 67% of all existing EPARs being tested for cluster B acute recurrent episodes, respectively). 
This has obvious consequences for the quantitative conclusions on the general applicability of 
methods and their generalizability within the cluster.  
 
The value of this exercise is that it gives valuable information on the general applicability of the 
novel methods developed within the ASTERIX Project. Further, the exercise in itself also 
showed that a systematic approach including the definition of the applicability pre-requisites of 
the methods, together with the definition of the general characteristics of the medical conditions 
included in a given cluster, allows guidance to investigators on whether they could consider a 
given method or not for a certain type of medical conditions, which is considered a useful 
practical approach.  
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On the other hand, the overall limited applicability of the methods in this exercise is not totally 
unexpected considering that the focus was solely placed on the pivotal studies of the actually 
conducted development programs, and all considered alternatives kept the primary development 
objectives intact.  
 
We may hypothesize that the situation might differ when the focus is extended to the complete 
development program, and consideration to the novel methodologies is carefully given early in 
clinical development. This was the rationale behind the additional simulations exercise.  
 

6.7. Simulation of clinical developments applying novel methods to real 
examples 
 
Initially we aimed to validate the applicability and added value of novel methods and 
approaches by testing these methods in raw data from selected clinical trials. However, access to 
real-life raw data happened to be a long-lasting bureaucratic procedure that made it unfeasible 
granting access within the required tight timelines for the ASTERIX Project completeness. 
Instead, we decided to simulate as close as possible the real situation of planning a clinical 
development program. Therefore, information from the EPARs was used as a contingency and 
allowed doing a qualitative analysis to judge the added value of applying novel methodologies.  
This approach might be less suitable to properly assess the added value in terms of robustness of 
data, but instead the overall utility from the regulatory point of view can be better estimated. 
 
Simulations were performed to check the alternatives and gains for six real examples belonging 
to different clusters of medical conditions. So, for a total 6 conditions selected from each cluster 
alternative development plans to the one actually conducted were simulated, applying (novel) 
methods based on previous conclusions of applicability. This qualitative exercise was aimed as 
an attempt to address the regulatory uncertainties identified by the CHMP at the time of drawing 
an opinion on the marketing authorisation by means of the (novel) methods. The impact on 
other regulatory, practical, ethical and/or statistical aspects were systematically assessed to 
ensure that addressing the regulatory uncertainties was not done at the cost of severely 
impacting any of these relevant aspects for orphan conditions.  
 

6.7.1 Defitelio® 
 
For Defitelio® (defibrotide), an example from Cluster A: acute single episode conditions, the 
main uncertainties of the actual development plan were related to the lack of an adequate 
control arm, making this a weak basis for decision making on the risk/benefit.  
 
Previously to the design of the pivotal study, there were data from 6 case series, all of them 
gathering data from compassionate use, and a randomised open-labelled trial comparing two 
dosage schedules of Defitelio®. Responses varied between 36% to 100% and survival at 100 
days between 32% and 93% (117). At the time of designing the pivotal clinical study there was 
a high expectancy of efficacy, and access to the treatment was granted via compassionate use 
programs, thus, making the feasibility for conducting RCT highly questionable.  
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To note, the efficacy rates obtained from previous studies showed very variable rates for both 
response and survival at 100 days, and the dose selection was quite uncertain.  In the absence of 
an adequate control arm for the pivotal study, either concurrent or historical, uncertainties 
related to the actual treatment effect and the added toxicity of defibrotide in the context of a 
high morbi-mortality disorder could not be easily addressed.  
 
These uncertainties have serious implications at different levels. First, there were important 
doubts on the appropriateness of the level of evidence for the benefit risk balance assessment of 
Defitelio®. Secondly, these uncertainties were unlikely to be solved in the future since 
randomised controlled trials would become even more unfeasible once the marketing 
authorisation was granted. Finally, orphan market exclusivity would prevent a fair scientific 
competition in case of better and more robust trial designs for potential competitors, given that 
any development program will obviously require the demonstration of either non-inferiority or 
superiority designs for competitors. The highly variable efficacy rates and the lack of placebo-
controlled information will made impracticable the estimation of an appropriate non-inferiority 
margin and the likely overestimated efficacy rates will difficult the design and feasibility of 
superiority trials compared to Defitelio®. All these issues are well known and they have been 
pointed out and discussed in the literature in the context of a convincing example(20). The key 
conclusion is that the development plan must always be initiated with randomised designs, and 
this is critical in the case of small populations. Once (likely biased and overestimated(118–120)) 
efficacy data is obtained from uncontrolled designs, is practically impossible to promote 
controlled design in the field of small populations (20). 
 
These main uncertainties could have been addressed by providing randomised double-blind 
placebo-controlled evidence on causality by means, in example, of any of the two (novel) 
designs proposed, i.e. a randomized placebo-controlled trial over SOC with sequential analysis 
for small populations, or an RCT trial with sample size reassessment and hypothesis testing in 
adaptive survival studies.  
 
Both proposals have statistical and regulatory obvious positive consequences, basically by 
solving the lack of controlled data, and allowing a proper estimation of the treatment effects of 
the product in both efficacy and safety, thus facilitating interpretation of the study results. The 
randomized placebo-controlled trial over SOC with sequential analysis for small populations 
may have positive practical consequences by reducing sample size requirements and facilitating 
recruitment, with no major ethical drawbacks beyond those related to the use of placebo on top 
of SOC. Similarly, an RCT trial with sample size reassessment and hypothesis testing in 
adaptive survival studies might optimise the final sample size with the same practical 
advantages, by designing a feasible sample-size and giving the opportunity to expand the 
sample in case of predicting a need for additional precision in the final analysis as derived from 
the sample size interim assessment. 
 

6.7.2. Ilaris® 
 
Main uncertainties for Ilaris®, (Cluster B: repeated acute episodes), were related to the optimal 
dose, potential overestimation of the effect and lack of demonstrated benefits beyond short-term 
control of inflammation.  
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Specific dose-finding studies were argued as not possible due to the scarcity of patients. Thus, 
modelling and simulation was applied to data obtained in an open-label dose-titration study in 
34 CAPS patients that included assessment of drug levels and disease relapse.  
The single pivotal CAPS study (121) used a controlled withdrawal design since it was argued 
that given the severity of the patient population in this trial and the expectations of efficacy from 
uncontrolled data (122–124), a placebo-controlled randomization of canakinumab-naïve patients 
would not be ethical, especially in children.  
 
 
At the moment of the regulatory assessment, efficacy was demonstrated by the prevention of 
relapses in MWS patients at short term, and it was expected that this might impact in a better 
long-term prognosis (reduction/prevention of amyloidosis and end organ damage caused by the 
inflammatory process). However, and despite the rational appears to be reasonable and sound, 
this cannot be ascertained unless very long-term trials are conducted, which was deemed 
unfeasible in this setting.  
 
With regards to the treatment schedules strategies, it cannot be ruled out that other (non-tested) 
strategies would lead to a better benefit/risk ratio. Nevertheless, given the low patient 
availability, the severity of the disease and the sound efficacy results, this may be overruled in 
this setting. 
 
A better estimation of the effect could be addressed by the two methods proposed, i.e. a parallel 
delayed start pivotal study or a multi-arm group sequential design. Both methods permit to 
obtain a more understandable and useful prediction of the treatment effect, that due to the 
exposure to it instead to its withdrawal. 
 
Nevertheless, only the multi-arm group sequential design would be able to address uncertainties 
on the optimal dose, although this may increase sample size requirements. Uncertainties on the 
long-term benefits in terms of prevention of amyloidosis and/or end organ damage would 
remain. It is fair to say that Ilaris® had already used (novel) an alternative and efficient (novel) 
methodology, making room for improvement smaller.  
 
In essence, no critical advantages would had been expected using the two proposed alternative 
methods apart from the type of treatment effect estimation (for both new proposed designs) and 
the possibility to clearly better dose finding information so that theoretically would had 
minimised exposure to ineffective dose strategies (for the multi-arm group sequential design). 
 

6.7.3. Revestive® 
 
For Revestive®, Cluster C chronic stable/slow progression conditions, a multi-arm group 
sequential design with a simultaneous stopping rule using a continuous variable, analysed by 
MMRM adjusted by baseline value and with sample size reassessment, including GAS as a 
secondary endpoint, will provide a more robust and informative information on clinical 
relevance than the development plan that was actually done, thus providing better information 
for benefit/risk decision.  
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The confirmatory clinical program included two double-blind, randomized, controlled, parallel 
group trials of 24-week duration, using surrogate endpoints by measuring the needs of 
parenteral nutrition. The first trial, which was negative, included two active doses and placebo, 
and the second trial included the low dose from the previous trial and placebo, with statistically 
significant results (125).  
 
The intermediate variable, amount of parenteral nutrition, was deemed reasonably representative 
of the clinical goal, i.e. the rate of patients that could be weaned off PN/i.v. fluid completely. 
Volume requirements, highly dependent on the baseline values, are considered as a relevant 
source of variability that should ideally be taken into account in the analysis. The dose selection 
was based on a very small exploratory trial with only 16 patients and was inconclusive due to 
heterogeneity and lack of standardised protocols for food intake.  
 
Despite the statistical significance in the intermediate variable, it is difficult to foresee in which 
magnitude the observed benefit can be translated into the clinical goal. In addition, it was not 
possible to demonstrate any significant difference in QoL. No robust long-term information was 
available at the time of the regulatory assessment, although there was an on-going trial 
addressing this point.  
 
Also lack of long-term data poses a safety risk which may include malignancy considering the 
mechanism of action of teduglutide. A clinical development with a perspective of 1 year (or 
less) is expected to be unable to detect such risks. However, considering the serious and 
disabling nature of the condition with a considerable impact on QoL and only limited 
symptomatic treatment options, the demonstrated effect of the drug was considered to clearly 
outweigh the safety concerns, whenever treatment is not continued log-term. 
 
The alternative proposed design would adequately address the concerns regarding the handling 
of heterogeneity of volume requirements, by including that variable as a stratifying factor in the 
randomisation and as a covariate in the analysis. This would impact in a reduction of variability 
and a higher statistical power. Also, by using a continuous variable (volume requirements) and 
the MMRM approach, which would include repeated measurements for the patients, the 
statistical power would be further optimised.  
 
The uncertainties on the dose selection would be addressed by a multi-arm trial with different 
dose levels, which might be stopped simultaneously for efficacy or dropped individually for 
futility. Overall, with one well-designed single-pivotal trial the sample size would not be 
increased, and the uncertainties regarding the dose selection would be ameliorated. Finally, the 
assessment of the clinical relevance would be complemented, once efficacy in the PEP shown, 
by the use of the GAS. 
 
In summary, the proposed alternative method allows reducing the risk of failure due to 
uncertainties in dose selection based on few patients and increases the sensitivity to changes 
because of using a continuous variable. The uncertainties about clinical relevance due to the use 
of an intermediate endpoint and the long-term safety concerns cannot be addressed and would 
require post-marketing monitoring. 
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6.7.4. Soliris® 
 
For Soliris®, Cluster D chronic progressive led by one organ/system, a prospectively defined 
meta-analysis of small trials using two techniques developed within the ASTERIX project for 
the primary analysis: “Prior distributions for variance parameters in sparse-event meta-analysis” 
and “Heterogeneity estimators in zero cells meta-analysis” is proposed. 
 
The demonstration of efficacy of Soliris in PNH patients with haemolysis was assessed in a 
stratified by number of units transfused randomized, double-blind, placebo-controlled 26 weeks 
pivotal trial (126), using co-primary endpoints (haemoglobin stabilization and units of PRBCs 
transfused). Supportive evidence came from a single arm 52-week study and from a long-term 
extension study. 
 
At the time of the design of the pivotal trial, there was only previous evidence from a 12-week, 
open-label clinical study (n=11), suggesting a reduced intravascular haemolysis and transfusion 
requirements, and the intermediate variables were considered sound enough to be confirmed in 
the pivotal trial.  
 
The main limitations/uncertainties in this case are related to the use of short-term surrogate 
endpoints, with some supportive clinical outcome data on fatigue and QoL. The assessment of 
efficacy in the prevention of thromboembolic events, which is the main cause of mortality in 
PNH, is based only on non-controlled clinical trials. Also, no formal dose-finding studies were 
conducted in the current indication. Finally, there were also uncertainties related to the 
characterization of the safety profile of Soliris. 
 
Applying a multi-arm multi-stage design with simultaneous stopping rules may provide some 
practical and ethical advantages (i.e. reducing sample size, time to completion, facilitating 
enrolment). Also, this design would help to address the concerns regarding the lack of dose 
selection data extrapolated from other diseases. 
 
As a complementary key strategy, a prospectively defined meta-analysis of small trials based on 
“Prior distributions for variance parameters in sparse-event meta-analysis” and “Heterogeneity 
estimators in zero cells meta-analyses” would generate more robust information on the actual 
effect on of treatment on reducing the incidence of thromboembolic events, which are the 
critical and main cause of mortality associated to PNH and thus a key relevant clinical objective.  
 
Also, meta-analytic techniques may be applied to the analysis of safety information, considering 
not only the PNH, but also other indications. Bayesian approaches could be a suitable option for 
better integration of data, increasing information and improving interpretation at the end of any 
study, especially if information on the condition is already existing and similar to the one 
obtained in the trial. This would allow focusing on relevant outcomes, i.e. thromboembolic 
events, and overall efficacy/safety assessment, in addition to pharmacodynamic markers, which 
may increase robustness and relevance of the development, by addressing one of the identified 
drawbacks of the actual development.  
 
Use of meta-analytic techniques would unlikely have major ethical or practical impact at the 
time of the marketing authorization application, but the development would have much higher 
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level of evidence for hard endpoints, thus improving the robustness of regulatory decision and 
reducing risks for the future patients.  
 

6.7.5. Fabrazyme® 
 
For Fabrazyme®, Cluster E: chronic progressive led by multiple organs/systems, an enriched 
design with more strict inclusion and exclusion criteria, and the use of multiple co-primaries 
with application of a Fallback test for co-primary endpoints is proposed.    
 
The actual pivotal evidence consisted of a single-pivotal trial strategy. The study was a phase 
III, double blind, placebo controlled multi-centre study, conducted in 58 patients, followed up to 
20 weeks, assessing concentrations of a biomarker, GL-3, in plasma and urine, and 
complemented with histological examinations of pre- and post-treatment biopsy samples of 
several organs (127,128). Data from phase I and II clinical trials suggested that enzyme 
replacement therapy (ERT) with recombinant human enzyme (Fabrazyme®) might reduce 
lysosomal GL3 deposition (127,129) and the pivotal study was addressed to show activity using 
pharmacodynamics markers (reduction of sphingolipids in the target organs) with a complete 
absence of clinical endpoints, i.e. symptoms, function, etc.  
 
Although on a theoretical basis the used biomarkers may precede clinical improvement or a 
stabilization of the clinical condition, none of the clinical parameters investigated as secondary 
end-points did reach statistically significant improvement. Thus, the treatment was assessed 
only at short-term by means of biomarkers, and assuming to provide a long term clinical benefit. 
In fact, at the time of decision making for marketing authorisation, there were uncertainties on 
how changes in sphingolipids may later translate into a clinically relevant effect, and inference 
on the potential benefit of the product was assumed to derive from the hypothesis and 
physiopathology.  Actually, adverse events (rigors, fever and skeletal pain) were more frequent 
with active treatment than with placebo, so that in clinical terms and according to available data, 
the effect could even be deleterious. Such uncertainties were acknowledged, so that the 
authorisation was issued under exceptional circumstances and a number of post-marketing 
commitments were requested in order to collect additional long- term efficacy and safety data.  
 
The alternative design proposed considers an enriched trial with more strict inclusion and 
exclusion criteria, aimed to select more severe patients who have more chances to be able to 
show treatment-related changes vs. placebo, and the use of multiple co-primaries that may be 
each independently able to conclude confirmation of efficacy by application of a Fallback test 
for co-primary endpoints.    
 
From other information on the disease and trials with similar treatments, it can be derived that 
patients with more advanced disease may be more responsive to treatment, so that clinical 
changes may be quantified better in an enriched population of patients with advanced disease. 
The advantages of this method are basically that the confirmatory efficiency is increased, as a 
result of both the likely increase of the effect size by selection of patients, and the reduction of 
risk of failing on the choice of the primary variable, by using a number of related variables with 
similar and complementary clinical relevance at the same level of confirmatory validity.  
Clinical consistency is also likely increased, thus potentially reducing uncertainties at the time 
of assessment of clinical benefit.  
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Since Fabry disease is a genetic disorder, the replacement therapy is foreseen to be a life-long 
therapy, and thus safety is key in this indication. The effect of the alternative design on the 
robustness of safety data is slightly favorable, since the population is anticipated to be more 
susceptible to adverse reactions and is the target population where there are more causes for 
concern about risks from a clinical perspective. The long-term safety should be addressed via 
post-marketing studies. 
 
Disadvantages may come from the ethical point of view, since the selection of subjects for an 
enriched design limits the number of subjects who may access the treatment within an 
experimental setting, and potential delays due to increased recruitment difficulties may lead to 
longer time to complete the pivotal evidence, and thus later regulatory access to the new drug. 
As regards to the exposure to placebo, the method is neutral, although less patients may be 
eligible to participate in the trial because of strict inclusion criteria, as already explained.  
Considering that the condition has quite a slow progression, this may not seem a critical point 
with severe prognostic impact. 
 

6.7.6. Opsumit® 
 
For Opsumit® (macitentan) Cluster F staged conditions, the alternative design consists of a 
development plan including a single-pivotal phase III, multicenter, double-blind, randomised, 
placebo-controlled, parallel group, event-driven, trial in patients with Pulmonary Arterial 
Hypertension (PAH). The main endpoint is a composite variable considering events of different 
clinical relevance, even if all reflect a negative clinical outcome. Individual components would 
be analysed as secondary endpoints hierarchically and with multiplicity adjustments.  
 
The authorisation is supported by a single long term pivotal phase III with identical 
characteristics to the alternative proposal except for the PEP. Given the clinical presentation 
with multiple symptoms, the PEP was a composite variable focused to cover all of them, 
including also death, hospitalisation, surgery, lung transplantation among a number of 
components. 
 
Main uncertainties are related to the lack of a formal proof of concept study, of a specific dose-
finding data in PAH and to the main endpoint(130). There was availability of appropriate 
biomarkers to have conducted a pharmacodynamic trial. Binding of an endothelin receptor 
antagonist to endothelin receptors causes an increase in plasma endothelin-1 levels, which can 
be used as a marker of pharmacological effect and potency on the endothelin receptor. This 
effect of ERAs is of rapid onset and thus is a pharmacodynamic measurement of the activity.  
 
No dedicated dose-finding study was conducted in patients with PAH and the Applicant‘s 
strategy was to employ pharmacodynamic data on plasma endothelin-1 levels and hemodynamic 
efficacy data on blood pressure reduction in patients with mild to moderate essential 
hypertension for extrapolation, and thus to determine the doses to be tested in the Phase 3 
clinical outcome study in patients with PAH. The underlying assumption was that a dose shown 
to be efficacious in systemic hypertension would also be hemodynamically effective in PAH, as 
previously observed with bosentan. 
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The main endpoint of the pivotal trial, a composite variable considering multiple components of 
different clinical relevance, was statistically significant. Current guidelines suggested at the time 
of the design that the primary end point in phase 3 trials of new treatments for pulmonary 
arterial hypertension should be morbidity and mortality (131–133). However, while differences 
against placebo were already detected after 6 months of follow-up, longer follow-up was not 
able to detect effects on more finalist variables such as mortality. Thus, it can be questioned the 
convenience of combining in the same composite endpoint morbidity and mortality. 
 
With regards to the alternative design for the pivotal trial, given the clinical presentation 
affecting the use of multiple endpoint analyses, it is suggested to use several co-primary 
endpoints to be analysed individually implementing Fallback-tests (multiplicity adjustment 
which increases the chances of finding at least one significant end-point). This is particularly 
useful when they have different clinically relevance, so increasing the robustness of the 
evidence presented. Stratification and the use of sequential methods and adaptive approaches 
are useful ways to increase efficiency in this development.  
 
The original overall 1% two-sided alpha level (applied because only one-single pivotal study 
was submitted to support the application for marketing authorization) might possibly be relaxed 
to the standard 5%. A prospectively defined meta-analysis with pre- plus post-MAA studies 
would have been probably helpful to alleviate the concerns of a single-pivotal study, and thus 
the sample size might be optimised. 
 

6.7.7. Additional considerations on the simulations exercise 
 
Results of the performed simulations show that (novel) methods applied to the design and 
analysis of clinical studies of the development plan can be of help in addressing important 
regulatory uncertainties, which is regarded as one of the major limitations of orphan drug 
applications. Therefore, (novel) methods and design analyses are considered useful tools to 
address challenges in orphan drugs developments and increase the ability of generating 
sufficiently robust evidence that facilitates the regulatory decision-making process. Results also 
show that the impact on other relevant aspects varies depending on the methods applied, but 
when negatively impacted overall this is not done in a relevant or unacceptable way.  
 
The results of the simulations drew additional interesting results. In particular, conclusions on 
applicability and added value of novel methods were extended when changes were not limited 
to the actual settings of the study design of the pivotal studies, i.e. considering the 
characteristics of the medical condition and optimising the drug development program, rather 
than just improving the pivotal trial as presented in isolation (e.g. Defitelio®, Fabrazyme®).  
 
Therefore, novel methods are useful tools not only for the optimization of pivotal trials but 
rather to optimize the strategical development plan. Thus, to take full advantage of the added 
value of novel method(s) these should be considered early and for the clinical development 
program in its totality. In this way, the number of options that can be applied for a given case is 
broadened, and carefully considering the pros and cons of the different options might facilitate 
selecting the most suitable method(s) to address main challenges of a particular case. As a 
consequence, the likelihood to conduct an efficient clinical development able to generate 
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sufficiently robust evidence that facilitates the regulatory decision-making process might be 
increased.  
 
In addition, the results of the simulations also showed that for some (novel) methods or designs,  
in spite of being applicable, the overall added value over the currently conducted one was not so 
relevant, particularly when some of the major remaining uncertainties could not be addressed 
(e.g. long-term benefits of Ilaris® in reducing amyloidosis or end organ damage) or when the 
impact of addressing uncertainties is at the expense of an increase in sample size requirements, 
which may be difficult for some conditions (e.g. Defitelio®  in the treatment of VOD).  
Further, in some other cases the small advantages in one aspect were counterbalanced by a 
negative effect in other relevant aspect, so making the overall added value of applying a 
particular method of little relevance, e.g. a reduction in sample size requirements might be at the 
cost of reducing an already small safety database or at the expenses of reducing the chance to 
see an effect on hard endpoints (e.g. Soliris® in the treatment of PNH).  
 
In summary, recommendations on applicability of methods by clusters of conditions are a useful 
practical tool when planning the overall clinical development program of a particular OMP. 
Multiple options may be applicable and have added value on particular aspects of the 
development. The final decision on the best possible option should consider the particular 
characteristics of the actual condition under investigation, with the ultimate goal to generate a 
sufficiently solid, robust and clinically relevant evidence in the most efficient way to 
substantiate outstanding benefit-risk balance decisions.  
 

6.8. Translation of new methods and applicability into guidance 
 
Limited or null research experience in most OD, and the absence of specific regulatory 
guidelines, causes uncertainty for drug developers on what to provide with the approval 
package. Regulators are committed to support developers on the appropriate studies to be 
conducted in the development of a medicine in order to generate adequate data for the benefit-
risk assessment and scientific guidelines are considered a suitable tool. Clinical scientific 
guidelines are useful EU documents that reflect a harmonized position on the technical and 
scientific requirements, as agreed by EU Member States, for the demonstration of efficacy and 
safety of a medicinal product.  
 
Scientific guidelines are aimed to help sponsors in the preparation of the clinical marketing 
authorisation but also serve to provide advice to competent authorities and/or other interested 
parties.  
 
The growing role of academia in drug discovery in many areas (134,135), including 
prominently OD where the early phase of discovery is usually resourced by charitable or 
traditional modes of academic funding, makes the need for regulatory assistance in the form of 
publicly available scientific guidelines particularly relevant, in order to guide clinical 
researchers through the relevant methodological and regulatory requirements.  
 
However, giving specific recommendations to each of the about 6,000 existing rare diseases is 
not feasible and so, early after the start of the ASTERIX project alterative options were 
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considered. Grouping of conditions based on e.g. the physiopathology characteristics or the 
course of the disease, characteristics of methods, etc. had been previously tested and proved to 
be of limited value. Therefore, the present work has been constructed based on the proposed 
grouping of medical conditions into 6 clusters defined by characteristics of the disease and the 
intended therapeutic indication, a broader approach closer to the clinical way of thinking when 
planning a clinical research (114,136).  
 
 
Based on the simulation analyses conducted and taking into account the representativeness of 
the condition within the cluster, drafting general recommendations for each cluster of medical 
conditions could be done from a more solid ground, where the focus is placed on the complete 
development plan at an early stage and the added value of novel methodologies could be 
assessed in broad terms. This has proven to increase the general applicability of the methods, 
opening the possibility to conduct a broad range of randomized controlled studies, which might 
result unfeasible in late stages of the development program if the clinical equipoise is deemed 
lost or simply due to researchers´ and patients´ expectations based on preliminary but likely 
overestimated promising results from a single arm pivotal trial (20). As pointed out by Lasch F. 
at al., particularly in rare disease there is merit in planning the research strategy based on RCTs 
as combinable building blocks that provide unbiased estimates of the treatment effect and, more 
importantly, avoid undocumented selection of patients. While from a practical and narrow point 
of view it is tentative to think that single-arm trials are the better choice in diseases with limited 
patient recruitment, the risk that planning a single-arm trial may generate wasteful information 
that is, at best, difficult to be used in future research, should be seen as a disincentive for single-
arm trials.  
 
Recommendations are intended to guide investigators throughout the different options of 
(novel) methods that could be applied to the planning and design of a clinical development 
program for conditions belonging to any of the 6 proposed clusters of medical conditions, 
incentivizing the most efficient possible use of the limited human recourses to generate a robust 
package of evidence.  
 
The access to this practical guidance procedure begins when the condition under investigation is 
assigned to one of the six Clusters of medical conditions. The relevant general characteristics of 
the condition within the Cluster added to the individual particularities like e.g. the rarity of the 
condition, the existence of treatment options available, the existence of prior useful information 
that could be integrated, etc., would allow tailoring the different methodological options for 
consideration in a particular case.  
 
These are general recommendations aimed to assists sponsors and investigators when planning 
the development program of a particular OMP. It is not intended to give a single solution to 
each problem, but rather to guide stakeholders throughout the different suitable options to 
address the methodological challenges usually faced during the clinical development of an 
OMP. To this aim, (novel) methods, including those developed within the ASTERIX Project, 
are deemed valuable tools as long as, if correctly applied, they can provide a good balance of 
robustness and efficiency in the generated evidence. Therefore, the awareness and use of novel 
methods should be fostered among stakeholders by improving actual scientific guidelines for 
the development of medicinal products for OD.  
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6.9. Strengthens and limitations 
 
Most notable strengths of this research are the fact that final recommendations on the 
applicability of methods rely on the simulations and not on the initial applicability exercise, as 
has been done in the past and proven to have limitations. The value of the applicability exercise 
throughout this work is just limited to the demonstration of the general applicability of the novel 
methods developed within the ASTERIX Project across the different clusters of conditions. 
However, in the simulation exercise we went beyond the actual development and designed 
alternative clinical developments, focusing on clinical relevant outcomes and applying novel 
methods, designs and analysis techniques, including but not limited to those developed within 
the ASTERIX Project. We confirmed that the novel methods are applicable to real life 
developments, and that they have the potential to improve clinical drug development for small 
populations, directly addressing some of the issues flagged in the ‘Guideline for Clinical Trials 
in Small Populations’. 
 
The novel methods applied to the clinical development program demonstrated to have 
advantages from the regulatory and statistical point of view, as long as more robust evidence 
could be generated and relevant uncertainties in prior developments is addressed. But 
importantly, in some cases this was at the expenses of some practical and ethical disadvantages, 
e.g. increased number of patients to recruit, more patients exposed to placebo, etc., usually due 
to applying novel methods that rely on randomized controlled studies. Nevertheless, in most 
cases these ethical and/or practical disadvantages would be less so or not problems at all, if the 
novel methods were applied early in development instead of late to just amend the pivotal trial. 
This reinforces the importance of considering the applicability of methods early in the 
development, considering the overall clinical plan in its totality.  
 
Our framework represents an approach to practical and structured thought on the planning of 
clinical trials and analyses that will form the basis of a clinical development plan for medicinal 
products for OD. Recommendations are intended to guide investigators throughout the different 
options of (novel) methods that could be applied to the planning and design of a clinical 
development program for conditions belonging to any of the 6 proposed clusters of medical 
conditions, promoting the most efficient possible use of the limited human recourses but 
ensuring generation of robust evidence. To this aim, recommendations are aimed to incentivize 
the use of randomized controlled studies in any form, as early as possible, and all throughout the 
clinical development program, taking advantage of the added value that novel methodologies 
can offer. These are a way to minimize or avoid generating wasteful information by single-arm 
trials that could prevent the conduct of future methodologically sound research. 
Recommendations also include advice on the use of meta-analytical or Bayesian approaches, 
which should also be considered early in the developing, but can help to address particularly 
difficult situations. 
 
 
This evaluation also has some limitations. Firstly, due to feasibility reasons only 4-6 EPARs 
were evaluated for applicability within each cluster. Although it was aimed to select a 
representative sample of different development approaches within each cluster, the applicability 
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within these EPARs might not be fully generalisable to all conditions and drug development 
plans within the cluster, moreover when the representativeness of the examples within the 
clusters varied substantially. However, the exercise showed that a systematic approach 
including the definition of the applicability pre-requisites, together with the definition of the 
general characteristics of the medical conditions included in a given cluster, allows guidance to 
investigators on whether they could consider a given method or not for a certain type of medical 
conditions. Based on this exercise, it could be concluded that in each individual case the 
method's pre-requisites, advantages, and disadvantages should be thoroughly evaluated for 
adequacy in the full context of the drug development program.  
 
While the exercise of applicability may help to define the best toolbox to consider for a given 
clinical situation, the implications of the methods may differ between conditions and trials, and 
it should be judged on a case-by-case basis which one of them is optimal. However, this type of 
approaches that put the focus on the methods applicable to a given pivotal study have 
limitations and limited practical utility, given that it is the condition in its broadest term what 
normally guides and determines the planning of a clinical development, and what should be 
considered prospectively in its totality. 
 
A further limitation is that the level of detail reported regarding information needed to 
determine applicability and added value was often limited (e.g. recruitment rates, study 
timelines, etc.), making it difficult to make a thorough and fully informed judgment on the (in) 
applicability of the method and their added value, because this depended on the judgment 
regarding what changes were deemed feasible or not. However, it is plausible to anticipate 
which would be the recruitment times when designing a plan, and during the analysis of trial 
feasibility. 
 
Additionally, only OMP with positive opinions were included for both the applicability and the 
simulation exercises, given the lack of accessible information on the negative opinions. The 
impossibility to include negative opinions could have influenced the applicability of the 
methods. However, it was conjectured that in negative opinions there is probably even more 
potential for improvement.  
 
This work was limited to the European regulatory region. It could have included the assessment 
of other orphan drugs approved in other regions, notably in the US and Japan for instance, in 
order to cover more orphan conditions. However, several factors would hamper this approach, 
mainly the use of different criteria for designation of OMP in the US and in EU (i.e. different 
prevalence cut-off and including medical devices). Furthermore, detailed data on Japanese 
clinical developments for OMP were not easily available (61). 
 
Besides ethical or clinical considerations on acceptability of different approaches to trial design 
may vary across regions and the EU perspective of the research team may not represent nor be 
appropriate in a different setting. Nevertheless, given the international dimension of orphan 
drug developments recommendations to increase awareness and foster the use of novel methods 
to the design and analysis of clinical development programs could be generalized, and ideally 
applied to any regulatory setting.  
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Not all challenges reported in EPARs or encountered in trials in rare diseases were covered by 
the novel methods developed within ASTERIX. One possible avenue for extending this 
validation exercise based on studies reported in EPARs would be to add on the novel methods 
developed in the ASTERIX project other study designs and methods applicable to rare diseases 
available in the literature, as the results here demonstrated that this methods validation exercise 
works and has potential to be extended.  
 
Further research into methods to address these challenges is needed to improve and optimise 
drug development to ultimately be able to efficiently develop efficacious and safe treatments for 
all patients suffering from a rare disease. 
 

6.10. Summary and future prospects 
 
While traditional clinical drug developments targeting prevalent conditions can take the 
privilege of conducting one clinical trial to answer every relevant question for the demonstration 
of the drug benefits and risks, the development of most OMP cannot be conceived in the same 
way. The ultimate goal should always be generating a sufficiently solid, robust and clinically 
relevant evidence to substantiate benefit-risk balance decisions with the lowest level of 
uncertainty possible, while making the most efficient use of limited resources available.   
 
Due to patients constrains, clinical trials performed in OD are intended to answer as many as 
possible relevant questions on the benefits and risks of the medicinal product under 
investigation, and this justifies the use of novel designs and methods of analysis that address 
multiplicity. Planning the development program for conditions subject to relevant sample size 
restrictions, often progressive/seriously debilitating and/or life-threatening disorders, like are 
most orphan conditions, merits a careful planning of the research strategy to ensure generation 
of useful and robust evidence on the treatment effect in the most efficient way. 
 
As rightly highlighted by Lasch F. at al., while from a practical and narrow point of view it is 
tentative to think that single-arm trials are the better choice in diseases with limited patient 
recruitment, the risk that planning a single-arm trial may generate wasteful information that is, 
at best, difficult to be used in future research is too high and should be discouraged (20). Thus, 
all stakeholders involve in clinical research of potentially new treatments, from clinicians that 
have the first hypothesis to researchers, ethics committees, bodies assessing and deciding 
research grants, and regulators, we all have the responsibility of generating information that is 
useful and does not compromise the future development of potentially useful therapies by 
performing poor designed studies. Lack of resources should not be in general a reason to avoid 
randomized testing even in very early stages. 
 
Further, as pointed out by Parmar MKB at al., forging ahead with a design that does not offer a 
proper opportunity to improve outcomes is failing the patients it aims to help, and the price is 
paid by the public and patients rather than the researchers (111). 
 
Novel methodologies applied to the design of clinical studies in orphan conditions have shown 
having added value in generating a solid and robust evidence and may address important 
uncertainties commonly faced during the benefit-risk balance evaluation. Thus, novel 
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methodologies are useful tools at facilitating the regulatory decision-making process and, 
subsequently, clinical practice decisions.  
 
The main advantages can be expected when novel methods are considered early in the 
development, allowing the conduct of randomised controlled trials is most cases and thus the 
best option to provide unbiased estimates of the treatment effect. The focus should be placed on 
the complete development program and how novel methodologies, including meta-analytical 
and Bayesian approaches, can be best applied to ensure that the relevant questions are soundly 
answered.  
 
Therefore, there is a need to increase awareness and the use of novel methodologies in the 
planning of orphan drug developments as a way to potentially improve clinical drug 
development for small populations and directly address some of the issues flagged in the 
‘Guideline for Clinical Trials in Small Populations’. Given the global development scenario of 
orphan drugs, the growing role of third parties like clinical researchers in early orphan drug 
development and the reality of the early access tools, make it needed to strengthen the use of 
novel methodologies early in development by all stakeholders. To this aim, EU scientific 
guidelines are considered the most suitable place given its broad accessibility.  
 
Our framework, methods and recommendations represent an approach to practical and 
structured thought on the planning of clinical trials and analyses that might form the basis of a 
clinical development plan for OMP and could support sponsors on the appropriate studies to 
generate robust evidence in the scenario of small populations. 
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1. Orphan medicinal products face a high-level of uncertainties during drug development 
and at the time of the regulatory decision-making. There is a huge need to strengthen 
support to developers on the appropriate studies to be conducted in the development of 
orphan medicine products in order to generate adequate evidence for the demonstration 
of the benefits and risks.  

 
2. Existing EU scientific guidelines offer limited, fragmented, and not always consistent 

guidance to provide references on the design of studies for the demonstration of 
efficacy (and safety) of medicinal products in small populations suffering from a rare 
disease. Specific guidance is needed on controversial aspects in order to reduce the 
methodological flaws often encountered in orphan drug developments.  

 
3. Novel methods developed in ASTERIX, including methods for trial design, analysis or 

meta-analysis of trials in small populations, have an overall limited applicability when 
the focus is placed on improving the pivotal studies of the actually conducted 
development programs, keeping the primary development objectives intact.  

 
4. Applicability of novel methods, including those developed within the ASTERIX 

Project, is extended and their added value in generating a solid and robust evidence is 
increased, when methods are prospectively applied to the design and analysis of the 
overall clinical development plan, and can be useful to address important regulatory 
uncertainties commonly faced during the benefit-risk balance evaluation. Thus, novel 
methodologies are useful tools at facilitating the regulatory decision-making process 
and, subsequently, clinical practice decisions.  

 
5. To take full advantage of the added value of novel method(s) these should be 

considered early in the process of planning the clinical development program. In this 
way, the number of options that can be applied for a given case is broadened, including 
the options for randomized controlled studies. 

 
6. Novel methods, including those developed within the ASTERIX Project, are deemed 

valuable tools as long as, if correctly applied, they can provide a good balance of 
robustness and efficiency in the generated evidence. Therefore, the awareness and use 
of novel methods should be fostered among stakeholders, including clinical researchers 
given the growing role of academia in early drug development in OD.  

 
7. To strengthen the use of novel methodologies early in development and assist drug 

developers to select the optimal methods for the evaluation of the condition being 
targeted, it is critical that a revision of the relevant EU scientific guidelines is done, 
given its broad accessibility to all stakeholders involved in orphan drug research.  

 
8. Planning the development program for conditions subject to relevant sample size 

restrictions, often progressive/seriously debilitating and/or life-threatening disorders, 
like are most orphan conditions, merits a careful planning of the research strategy to 
ensure generation of useful and robust evidence on the treatment effect in the most 
efficient way even from the very initial exploratory studies. 
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9. Grouping medical conditions into 6 clusters defined by characteristics of the disease and 
the intended therapeutic indication, as proposed within the ASTERIX Project, is a 
practical tool to provide guidance throughout the different methods and design analysis 
and a suitable one as long as it matches the regulator´s and academia researcher´s point 
of view, since giving specific recommendations to each of the about 6,000 existing rare 
diseases is not feasible. 

 
10. Our framework, methods and recommendations represent an approach to practical and 

structured thought on the planning of clinical developments for products aimed to treat 
small populations and could support sponsors on the selection of the most appropriate 
studies to generate robust evidence in the field of OMP. 

 
11. All stakeholders involved in clinical research of potentially new treatments, from 

clinicians that have the first hypothesis to researchers, ethics committees, bodies 
assessing and deciding research grants, and regulators, share the responsibility of 
generating information that is useful and does not compromise the future development 
of potentially useful therapies by performing poorly designed studies. 
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Annex 1. List of characteristics used to build the studies profile 

 

# Characteristic 

a.1.1. Number of arms in main trial(s) 

a.1.2. Interim analysis Y/N, if so, reason: stopping for futility, overwhelming evidence of efficacy, safety. 

a.1.3. Type of endpoint (PEP) (binary, continuous)                                  

Composite? Time to event? 

a.1.4. Type of (major) secondary endpoints (fill in as above) 

a.1.5. Adaptive randomisation? Detail 

a.1.6. Delta time= recruitment - assessment (delay) /immediate or delayed response 

a.1.7. Recruitment rate 

a.1.8. Seamless/adaptive design?  

a.1.9. Allocation ratio? 

a.1.10. Did they allow dropping of arms? 

a.1.11. What was the control group? Add-on? 

a.1.12. MRCT? Multicentric? How and how many? 

a.1.13. Summary of models used in planning (e.g., disease progression, dropout, dose–response) 

a.2.1 type control and sample size - Detail 

a.2.2. Justification of design (i.e. use or not of control, what control and how?) 

a.2.3. (Blinding of) sample size reassessment? 

a.2.4. Immediate/Delayed responses +/- recruitment rate 

a.2.5. Correction of rejection boundaries (in case of small samples)? 

a.3.1. Sequential trial? With a maximum sample size? 

a.3.2. Disease severity and seriousness 

a.3.3. Available treatment options/Ranking and selection (BSC, SOC, other treatment or strategy?) 

a.3.4. Possible toxicity of the treatment under consideration 

a.3.5. available sample size/Maximum sample size estimation and consideration (i.e. patient horizon) 

a.4.1. Type of endpoint - (continuous, binary)  

a.4.2. Sequential design? Can it be designed as sequential? Interim analyses? How many? Detail 

a.4.3. Randomisation considerations? Randomised? How? 

a.5.1. Control arm? Justification for use/no use 

a.5.2. Available data from previous similar study/ies? (estimated variance from prior (pilot) study?) 

a.5.3. (Ideally) the same sample size per group in old and new trial? 

b.1.1. Slowly and constantly progressive disease? 

b.1.2. Placebo comparator? 

b.1.3. Intervention has lasting response/remission? 

b.2.1. Is a standard of care/ therapy known? (used too?) Detail 

b.2.2 Is there uncertainty in the natural course of the disease (or is it possible to predict progression for each 

patient with 100% certainty)? 

b.2.3. The Sponsor's/Investigator's justification for a non-RCT, if any. Any other possible reasoning? 

b.2.4. If SAT(s) then how many SATs? Concomitantly conducted? Reasoning? Detail 
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Annex 1 (Cont.). List of characteristics used to build the studies profile 

# Characteristic 

c.1.1. Number of subgroups/strata? 

c1.2. Mutually exclusive subgroups/strata? 

c.1.3. Subgroups of equal size? 

c.1.4. Randomisation? Randomised? 

c.1.5. Two treatment arms? 

c.2.1. PIP needed/waived/deferred. Is it applicable to the setting? PIP subject to Conditional/Exceptional 

approval? 

c.2.2. Belief in prior? Justification 

Guide how much evidence is needed from what sources 

c.2.3. What is your posterior probability that there is indeed a relevant positive treatment effect, after 

adding evidence to your prior 

Guide whether or not to continue with another trial or searching for other alternative sources of 

evidence. 

c.2.4. Same underlying mechanism of action, similarity of response to treatment, similar dose-

response relationship to conclude the mechanism is translatable to the target population? 

c.2.5. Same disease symptoms in adults and children, regarding similarity of disease progression? 

Determine whether full or partial extrapolation can be done. 

c.2.6. How is the timing of the paediatric trial compared to the adult trial? Detail 

Subsequent/in parallel/overlapping? 

c.2.7. Repurposed drug or extension of indication? 

If completely new drug there cannot be much confidence on extrapolation, no full extrapolation 

without PIP. 

c.2.8. Prior effect size estimate? 

d.1.1. Repeated measurements? 

d.2.1. More than one PEP? 

d.2.2. Co-primary endpoints? Efficacy expected in one of them? 

d.2.3. One test per endpoint? 

d.2.4 Hierarchical testing? 

d.2.5. Co-primary endpoints need to be tested sequentially according to a pre-defined order/ranking? Detail 

d.2.6. Number of co-primary endpoints 

d.3.1. 2, 3, 4, 5 binary endpoints? Detail 

d.3.2. Small sample sizes (1 to 50 per group)? 

d.3.3. A priori (optimal) rejection region (defined)? 

d.3.4. Prior distribution of effect sizes? Detail 

d.3.5. Power averaged over the prior distribution effect sizes? 

d.3.6. Correction method? Detail 
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Annex 1 (Cont.). List of characteristics used to build the studies profile 

# Characteristic 

e.1.1. Are the treatment arms in all studies the same? 

e.1.2. Is the endpoint dichotomous? 

e.1.3. Number of studies? 

e.1.4. Are all studies of equal size? 

e.2.1. Are there at least two randomized, controlled trials available? 

e.2.2. Same PEP? 

PEP in one of the trials used as key secondary in the other trial(s)? 

PEP/key secondary endpoint in one of the trials used as co-primary in the other trial(s)?  

e.2.3. Sparse events? 

e.2.4. Supportive studies similar with the pivotal trial? 

e.2.5. Treatment effect size estimate? Provided? Clearly? Detail 

e.2.6. Are the patients equally allocated per study? 

f.1.1. GAS used? 

f.1.2. Primary  endpoint relevant for the entire array of patients? 

f.1.3. Heterogeneous disease course/heterogeneous population or unstable baseline? 

f.1.4. Any relevant PRO (i.e. HRQoL)? Mixed with clinician input? Carer input? Detail 

f.1.5. Details about validation (validated PRO?) Detail 

f.1.5. Patient involved in the design of PRO? Designed by clinician/patient per individual? 

f.1.6. Is the measurement at functional level relevant? 
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Annex 2. Data extraction form for EPARs including condition summary and criteria list  

 

Method group X (A, B, C or D): list name [Innovative trial designs, level of evidence, study endpoints and 
statistical analysis, and meta-analysis] 
 
[Name of OMP] EPAR [list number as the ASTERIX ID] 
 
Summary of condition and summary of orphan product 
 
[…] 
 
Summary main clinical trials 

• (Co-)Primary endpoint(s) [list] 
• Key secondary endpoints [list] 
• Overall patient exposure [list number] 
• Randomised/enrolled number patients [list number] 

 
Summary of how applicable the methods are and what are the adjustments, where it is the case. 
 

OMP ID  

M
et

ho
d  

A
pp

lic
ab

le
*  

[w
ith

/w
ith

ou
t 

ad
ju

st
m

en
ts

]  

R
ea

so
n 

[li
st

 
re

as
on

s]
 

[li
st

 

A
pp

lie
d*

 
 

If not fully 
applied [list 
reasons] 

Advantages 
of applying 
the method 

Disadvantages 
of applying the 
method 

[list 
ASTERIX 
OMP ID] 

Method 1       
Method 2       
Method 3       
Method …       

Study profile tailored around the methods and developmental plan context. 
[Insert criteria list here] 
 
Arguments 
Group A, B, C or D, method 1: [list method] 
[Representative extract from EPAR relevant for the applicability] 
Group A, B, C or D, method 2: [list method] 
[Representative extract from EPAR relevant for the applicability] 
 
[Conclusion/Discussion on applicability of methods group X on this EPAR] 
 
[Added value of method application] 
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Annex 3. Specific information for OMPs investigation extracted from the EMA documents 
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Annex 3 (Cont.). Specific information for OMPs investigation extracted from the EMA documents 
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Annex 4. Individually conducted simulations for the 6 examples in the due template reports 

 

 

 

Clinical Development Plan for: 
 

Sought indication: 

4.1. Defitelio® (defibrotide) 
 

Treatment of VOD post-HSCT 
 
 

4.2. Ilaris® (canakinumab) Treatment of  cryopirine-associated periodic syndromes 
(CAPS) 
 

4.3. Revestive® (teduglutide) 
 

Treament of Short Bowel Syndrome 
 
 

4.4. Soliris® (eculizumab) Treatment of long-term enzyme replacement therapy in 
patients with a confirmed diagnosis of aHUS disease 
 

4.5. Fabrazyme® (agalsidase beta) Long-term enzyme replacement therapy in patients with 
a confirmed diagnosis of Fabry disease 
 

4.6. Opsumit® (macitentan) Treatment of pulmonary arterial hypertension 
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Annex 4. 1. Defitelio® (defibrotide) 
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Annex 4. 2.  Ilaris® (canakinumab) 
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Annex 4. 3. Revestive® (teduglutide) 
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Annex 4. 4. Soliris® (eculizumab) 
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Annex 4. 5. Fabrazyme® (agalsidase beta) 
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Annex 4. 6. Opsumit® (macitentan) 
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