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Abstract 

Background  Over the last twenty years of orphan drug regulation in Europe, the regulatory framework has increased 
its complexity, with different regulatory paths and tools engineered to facilitate the innovation and accelerate 
approvals. Recently, the proposal of the new Pharmaceutical Legislation for the European Union, which will replace 
at least three Regulations and one Directive, was released and its new framework is raising many questions. The aim 
of this study was to present a characterisation of the Orphan Medicinal Products (OMPs) authorised by the European 
Commission (EC), between 2010 and 2022, looking into eighteen variables, contributing to the ongoing discussion 
on the proposal and implementation of the new Pharmaceutical Legislation proposed.

Methods  Data of the OMPs identified and approved between 2010 and 2022 were extracted from the European 
Public Assessment Reports (EPARs) produced by the European Medicines Agency. Information regarding legal basis 
of the application, applicant, protocol assistance received, type of authorization, registration status, type of molecule, 
ATC code, therapeutic area, target age, disease prevalence, number of pivotal clinical trials supporting the application, 
clinical trial designs, respective efficacy endpoints and number of patients enrolled in the pivotal clinical trials were 
extracted. A descriptive statistical analysis was applied.

Results  We identified 192 OMPs approved in the period between 2010 and 2022. 89% of the OMPs have legal 
basis of “full application”. 86% of the sponsors received protocol assistance whereas 64% of the MAA benefited 
from the accelerated assessment. 53% of the active substances are small molecules; about 1 in 5 molecules are 
repurposed. 40% of the OMPs have oncological therapeutic indications and 56% of the OMPs are intended to treat 
only adults. 71% of the products were approved based on a single pivotal trial.

Conclusions  This analysis of OMPs approved between 2010 and 2022 shows that a shift has occurred in the rare 
disease medicine development space. Through the period studied we observe an increase of non-small molecules 
approved, accelerated assessment received and non-standard MA’s granted.
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Background
Orphan medicinal products (OMPs) are medicines 
intended to treat, prevent, or diagnose a disease that is 
life-threatening or chronically debilitating and for which 
the prevalence of the condition, in the European Union 
(EU), is not more than 5 in 10,000 [1]. The orphan leg-
islation came into force in EU in 2000, with the promul-
gation of Regulation (EC) No 141/2000, addressing the 
need to offer incentives for the development and mar-
keting of medicines for rare conditions [1]. These rare 
diseases are a group of an estimated 6,000 to 9,000 dif-
ferent conditions that affect more than 30 million people 
in Europe [2]. About 95% of rare diseases do not have yet 
any treatment approved [3].

Over the last two decades, the regulatory processes, 
guidance, and recommendations at the European Medi-
cines Agency (EMA) have evolved and, at the same time, 
increased in complexity considering that drug develop-
ment itself is more complex with the advancements in 
science being translated into new medicines. Additional 
programs and regulatory tools have been created to 
accelerate drug approval of medicines addressing unmet 
medical needs. Some of these tools are the possibility of 
accelerated assessment, the priority medicines (PRIME) 
program, and the conditional approval or the authoriza-
tion under exceptional circumstances [4–9].

There are some studies published analysing the OMPs 
approved regarding the type of application, type of mol-
ecule, target diseases, and assessing the methodological 
quality of the OPMs dossiers, either in EU or in United 
States (US) [10–14]. Here we present, to our knowledge, 
for the first time, an extensive characterisation of OMPs 
approved in the EU, considering eighteen criteria for the 
last thirteen-year period. Moreover, the findings of this 
study can raise important questions and provide learn-
ings that may be relevant to the on-going reflection on 
the upcoming revised EU legislation, which could be the 
largest reform in over 20 years in this area.

Therefore, the aim of this study was to identify and ana-
lyse the OMPs approved by the European Commission 
(EC), between 2010 and 2022, which can be of value for 
various stakeholders, including regulators, drug develop-
ers, academia and European legislators involved in imple-
mentation of the new pharmaceutical legislation.

Methods
The publicly available search-database of the EMA was 
used to identify all products approved in EU through the 
centralised procedure between January 2010 and Decem-
ber 2022, including those that were subsequently with-
drawn. European Public Assessment Reports (EPARs) of 
the identified OMPs were retrieved from the EMA’s web-
site. We included products with orphan drug designation 

at the time of Committee for Human Medicinal Products 
(CHMP) opinion, even if the applicant requested the 
removal of the orphan drug designation at the time of the 
MA granting.

The following data were extracted from the EPARs: year 
of approval, registration status, legal basis of the appli-
cation, applicant’s company name, protocol assistance 
received (yes/no), type of molecule (small molecule, bio-
logical, advanced therapy medicinal product—ATMP—
or oligonucleotide), ATC code, therapeutic area, target 
age, disease prevalence, repurposing (yes/no), acceler-
ated assessment (yes/no), additional monitoring (yes/
no), type of MA granted (standard, conditional or under 
exceptional circumstances), number of “pivotal” or”main” 
efficacy clinical trials, clinical trial design, type of pri-
mary efficacy endpoints (clinical, functional or surrogate 
marker) and total number of patients included or rand-
omized (in case of randomized controlled trials—RCT), 
for each indication, in the pivotal clinical trials. In case of 
randomized controlled trials, we included in this analy-
sis all patients randomized i.e., intention-to-treat popu-
lation (ITT). In case of open label studies, we included 
all patients enrolled in the mentioned open label studies 
identified as “main” or “pivotal” studies.

Small molecules are a type of a chemical substance 
defined by a single molecular structure that is not a pro-
tein or nucleic acid substance. Biologicals are defined 
by the European legislation as ‘a medicine that contains 
one or more active substances made by or derived from 
a biological source’ (Article 4(7) of Regulation (EU) 
2019/6 of 11 December 2018). Oligonucleotides are at 
the interface of small molecules and biologicals. Oligo-
nucleotides are short, single- or double-stranded DNA 
or RNA molecules and include antisense oligonucleo-
tides, RNA interference and aptamer RNAs. Advanced 
Therapy Medicinal Products (ATMPs) are any of the fol-
lowing medicinal products for human use: a gene ther-
apy medicinal product as defined in Part IV of Annex I 
to Directive 2001/83/EC, a somatic cell therapy medici-
nal product as defined in Part IV of Annex I to Directive 
2001/83/EC, a tissue engineered product that contains 
or consists of engineered cells or tissues and is presented 
as having properties for, or is used in or administered to 
human beings with a view to regenerating, repairing or 
replacing a human tissue, as defined by article 2 of Regu-
lation (EC) No 1394/2007 of 13 November 2007.

The micro, small and medium-sized enterprises (SMEs) 
with an official SME status are registered in a publicly 
available register of SMEs at the EMA website. This reg-
ister includes companies established in the European 
Economic Area that have submitted a SME declaration 
within the meaning of Recommendation 2003/361/EC 
and to whom the Agency has assigned SME status.
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We considered the following age categories: a) children 
(including babies of different ages until 11 years old); b) 
children and adolescents (patients with age between 12 
and 17 years old); c) adults and adolescents; d) adults and 
children; e) adults; f ) adults and elderly; g) elderly and h) 
all ages.

The prevalence of the disease reported in the orphan 
drug designation (ODD) report was cross-checked with 
the prevalence mentioned in the EPAR and in the Orphan 
maintenance assessment report (OMAR), in place since 
2018, and available at the EMA website. In case differ-
ent prevalences are reported in these documents, we 
included the most recent one, i.e. the prevalence men-
tioned in the OMAR.

A medicine is defined “repurposed” when the active 
substance is currently used in clinical practice for a new 
indication, outside the scope of the original medical indi-
cation as defined by Langedijk et al. [15].

The data extracted from the EPARs were used to build 
an Excel database for all OMPs approved by the EC 
between 2010 and 2022. This information was cross-
checked with the annual reports available at EMA web-
site. A descriptive statistical analysis was applied.

Results
We identified 192 OMPs approved in the period between 
2010 and 2022.

Table 1 presents the results obtained for the variables 
studied.

Removal of the ODD upon MAH request
Almost one fifth (n = 37; 19%) of marketing authoriza-
tion holders (MAH) requested the withdrawal of the 
ODD. Most of these withdrawals occurred at the time 
of the granting of the MA (n = 25), after the Committee 
for Orphan Medicinal Products’s (COMP) reviewed of 
the orphan designation criteria at the time of marketing 
authorisation. We have also identified OMPs for which 
the ODD was removed (n = 12), by the MAH, during the 
market exclusivity period. The following figure (Fig.  1) 
schematizes this process.

In the group of medicines for which the ODD was 
removed at the time of the MA granting, 9 of the 25 
OMPs have ATC code L01—Antineoplastic agents. 
Regarding the reason for the ODD withdrawal, we only 
have data available since 2018, i.e., 11 OMPs. Among 
these, for 6 OMPs the reasons were a combination of 
further clarification needed regarding the prevalence cal-
culations and significant benefit not proved; in the other 
5 OMPs the reason was lack of clinical data proving the 
significant benefit.

In the group of medicines for which the ODD was 
removed before the end of the market exclusivity period, 

10 out of the 12 OMPs have ATC code L01- Antineo-
plastic agents. No justification or report was available in 
these cases regarding the potential reasons for this pre-
mature withdrawal.

Registration status
Of the 192 OMPs identified, 6 are no longer authorised 
(sign off date: 31 December 2023). Of these 6 withdrawn 
products, 4 (67%) had received a conditional approval, 
one (17%) was approved under exceptional circum-
stances, and one (17%) had a standard MA. Regarding the 
type of molecule, 3 (50%) are biologicals and 3 (50%) are 
ATMPs. The reasons for these withdrawals mentioned in 
the public withdrawal letters are in 5 out of the 6 (83%) 
OMPs commercial reasons and in one case (17%) it was 
due to a referral. Olaratumab was indicated to treat soft 
tissue sarcoma in combination with doxorubicin. How-
ever, after analysing the final results of the phase 3 study 
the EMA concluded that olaratumab did not prolong the 
survival in the overall population and therefore recom-
mended the withdrawal of the MA.

Legal basis of the application
Of the 192 OMPs identified, 171 (89%) have legal basis 
Article 8.3—full application, 12 (6.3%) legal basis 10.3—
hybrid application, 6 (3%) legal basis 10(a)—well estab-
lished use. Two (1%) were approved through a type II 
variation and 1 (0.5%) was approved as 10(b) fixed-com-
bination application (Table 1).

SME status
We identified 121 different applicants in the period stud-
ied. Only 17 (14%) of these applicants have currently a 
SME status in the online SME register (sign off date: Sep-
tember 2023). One of these applicants has submitted two 
applications in the period studied. Therefore, we identi-
fied in total 19 OMPs (9.9%) for which the applicant still 
was a SME. In fact, the companies with more MA’s are 
large multinational companies.

Protocol assistance
According to the information presented in the EPARs, 
165 of the 192 OMPs (86%) received protocol assistance.

Accelerated assessment
About 24% (47/192) of the OMPs were eligible for accel-
erated assessment (Table 1) and 89% (42/47) of the MA’s 
which benefited from this accelerated assessment were 
granted from 2015 onwards (Fig. 2). Accelerated assess-
ment is less frequent in case of non-orphan medicinal 
products. Figure 3 shows a.o. the evolution of the num-
ber of accelerated assessments granted to non-orphan 
products, over the period studied.
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Table 1  Characteristics of orphan medicinal products approved between 2010 and 2022

Variable No of OMPs (n = 192) Percentage (%)

Year of approval by the European Commission
 2010 5 2.6

 2011 4 2.1

 2012 10 5.2

 2013 7 3.6

 2014 14 7.3

 2015 18 9.4

 2016 18 9.4

 2017 17 8.9

 2018 24 12.5

 2019 7 3.6

 2020 22 11.5

 2021 20 10.4

 2022 26 13.5

Legal basis of the MA application
 Article 8.3 171 89.1

 Article 10.3 12 6.3

 Article 10(a) 6 3.1

 Type II variation 2 1.0

 Article 10(b) 1 0.5

Registration status (signoff date: 31 dec 2023)
 Approved 186 96.9

 Withdrawn 6 3.1

SME status
 Yes 19 9.9

 No 173 90.1

Protocol assistance
 Yes 165 85.9

 No 27 14.1

Type of MA
 Standard 129 67.2

 Conditional 41 21.4

 Exceptional circumstances 22 11.5

Accelerated assessment
 Yes 124 64.6

 No 68 35.4

Type of molecule
 Small molecule 101 52.6

 Biologic 67 34.9

 ATMP 15 7.8

 Oligonucleotide 6 3.1

 Herbal preparation 2 1.0

 Radiopharmaceutical 1 0.5

Repurposing
 No 159 82.8

 Yes 33 17.2

ATC Code
 L Antineoplastic and immunomodulating agents 76 39.6

 A Alimentary tract and metabolism 33 17.2



Page 5 of 16Bouwman et al. Orphanet Journal of Rare Diseases           (2024) 19:91 	

Table 1  (continued)

Variable No of OMPs (n = 192) Percentage (%)

 B Blood and blood forming organs 21 10.9

 J Antiinfectives for systemic use 12 6.3

 N Nervous system 11 5.7

 H Systemic hormonal preparations, excluding sex hormones and insulins 9 4.7

 M Musculo-skeletal system 6 3.1

 C Cardiovascular system 5 2.6

 R Respiratory system 5 2.6

 S Sensory organs 5 2.6

 D Dermatologicals 3 1.6

 V Various 2 1.0

 G Genito-urinary system and sex hormones 1 0.5

 P Antiparasitic products, insecticides, and repellents 1 0.5

 Not assigned yet 2 1.0

Therapeutic areas (TOP 5 oncological diseases)
 1 Multiple Myeloma 12 6.3

 2 Leukemia Myeloid 8 4.2

 3 Lymphoma’s 8 4.2

 4 Leukemia non-Myeloid 7 3.6

 5 Lymphoblastic Leukemia-Lymphoma 4 2.1

Therapeutic areas (TOP 5 genetic diseases)
 1 Haemophilia (A and B) 7 3.6

 2 Cystic fibrosis 6 3.1

 3 Muscular Dystrophy or Atrophy 5 2.6

 4 Familial Amyloidosis 4 2.1

 5 Anemias 4 2.1

Therapeutic areas (TOP 1 infections)
 1 Tuberculosis 4 2.1

Target age
 Adults 107 55.7

 Adults and children 40 20.8

 Adults and adolescents 21 10.9

 All ages 12 6.3

 Children 6 3.1

 Adolescents and children 4 2.1

 Adults and elderly 1 0.5

 Elderly 1 0.5

Disease prevalence (per 10,000)
  < 0.2 (ultra rare) 41 19.9

 0.2–0.5 27 13.1

 0.6– ≤ 1 40 19.4

  > 1– ≤ 2 36 17.5

  > 2– ≤ 4 50 24.3

  > 4–5 12 5.8

Additional monitoring
 Yes 124 64.6

 No 68 35.4

Number of pivotal efficacy clinical trials
 No clinical studies performed 10 5.2

 1 136 70.8
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Type of molecule
Biologicals, ATMP and oligonucleotides represent 45% 
(88/192) of the OMPs approved between 2010 and 2022 
(Table 1).

The first ‘orphan’ Advanced Therapeutic Medicinal 
Product (ATMP) was approved in 2016 and this category 
constitutes 8% (15/192) of the OMPs approved in the 
period studied. The number of (orphan) non-small mole-
cules (ATMP, biologicals and oligonucleotides) approved 
in each year is shown in Fig. 2.

The increasing trend in non-small molecules is less 
pronounced in the group of non-orphan medicinal prod-
ucts (Fig. 3). However, notable is that 30 of the 128 (23%) 
of the non-small molecules in the group of non-orphan 
medicines are vaccines. In the group of OMPs we did 
not identify any vaccine with orphan indications in the 
period studied.

Repurposing
About 18% (33/192) of the OMPs approved were “old” 
molecules (approved > 10 years) used already (or in the 
past) in clinical practice for another indication. These 

data indicate that approximately one of five OMPs is 
repurposed (Table  1). 31 of the 33 OMPs classified as 
repurposed molecules are small molecules, one herbal 
preparation and one biological. Regarding the therapeu-
tic indications, this group shows a high heterogeneity: 
about 20% has oncological indications, 20% is intended to 
treat metabolic disorders and the other 60% are a mix of 
different ATC codes and therapeutic areas.

ATC code and therapeutic area
The OMPs identified belong to 14 different ATC first-
level categories (Table  1). The ATC code L (Antineo-
plastic and immunomodulating agents) represents the 
group with highest proportion (40%), followed by A (Ali-
mentary tract and metabolism) representing 17% of the 
OMPs approved. Two OMPs approved in 2022 had no 
ATC code yet, at the time of the analysis (one intended to 
treat lymphoproliferative disorders and the other to treat 
haemophilia A).

In the oncological group (ATC code L—Antineo-
plastic and immunomodulating agents) we identify 
therapeutic areas for which more than one OMP are 

Table 1  (continued)

Variable No of OMPs (n = 192) Percentage (%)

 2 39 20.3

 3 4 2.1

 4 2 1.0

 5 1 0.5

Main clinical trial designs (n = 241)
 Randomized, double blind, controlled trial 117 48.5

 Randomized, single blind 2 0.8

 Randomized, open label 42 17.4

 Partially randomized, open label 1 0.4

 Non-randomized, open label, sequential 1 0.4

 Open label, single arm 65 27.0

 Open label, 2-arm 3 1.2

 Open label, 4-arm 2 0.8

 Retrospective studies 5 2.1

 Observational cohorts 3 1.2

Type of primary efficacy endpoints (n = 181)
Oncological OMPs (n = 66)

 Surrogate 52 78.8

 Clinical 14 21.2

OMPs addressing genetic diseases (n = 109)

 Clinical 44 40.4

 Surrogate 37 33.9

 Functional 28 25.7

Anti-infectives OMPs (n = 6)

 Clinical 2 33.3

 Surrogate 4 66.7
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approved. Multiple myeloma, leukaemia and lympho-
mas are the therapeutic areas where we observe more 
competitiveness given that these are therapeutic areas 
known to be “crowded”. In the non-oncological group, 
the most common therapeutic areas are haemophilia 
(A and B), cystic fibrosis, muscular dystrophy and dys-
trophy, familial amyloidosis, and anaemias (including 
beta-thalassemia). There is one small group of anti-
infective medicines (ATC code J and P) with multid-
rug-resistant tuberculosis being the most common 
therapeutic area in this group (Table 1).

Disease prevalence and target age
The prevalence of the diseases intended to treat by the 
OMPs approved between 2010–2022 were categorized 

as represented in Table 1. More than 50% of the OMPs 
were intended to treat diseases with a prevalence lower 
than or equal to 1 in 10 000. Only 12 OMPs (6%) were 
approved to treat a disease with a prevalence superior 
to 4 in 10 000.

About 55% of the OMPs was approved only for 
administration in adults and 20% is intended to treat 
both adults and children.

Type of MA
Non-standard MA’s, i.e. conditional and approval under 
exceptional circumstances, represent about one-third 
(32%) of the OMPs between 2010–2022 (Table 1).

We observe an increase through this period, with only 
5 of the 19 (26%) non-standard MA’s issued between 
2010–12 and 27 of the 68 (40%) non-standard MA’s 
being issued between 2020–22 (Fig.  2). Non-stand-
ard MA’s are less frequent in the non-orphan medi-
cines group but, as in the orphan medicines group, we 
observe an increasing trend of this type of MA’s over 
the period studied (Fig. 3).

Ninety four percent (94%) of the non-standard MA’s 
granted to OMPs were applications under article 8.3—
full application—of Directive 2001/83 (EC). In the 
period studied 39 of the 40 conditional MA’s granted 
were for applications under legal basis 8.3 of Direc-
tive 2001/83 (EC). 65% of the conditional MA’s are for 
products with ATC code L (antineoplastic and immu-
nomodulating agents) and mainly to treat adults. Only 
2 of the 40 conditional approvals are repurposed mol-
ecules. A total of 23 out of the 41 (56%) OMPs with a 
conditional approval are non-small molecules. 15 of 
the 22 (68%) OMPs approved under exceptional cir-
cumstances between 2010 and 2022 are biologicals or 
ATMPs. The most prevalent ATC code in this group is 
the ATC code A—Alimentary tract and metabolism.

Additional monitoring
About 124 of the 192 (65%) OMPs approved were 
added in the list of products under additional moni-
toring at the time of granting of the MA; 69 of the 124 
(57%) of the OMPs under additional monitoring are 
standard MA’s. 75 of the 124 (60%) OMPs under addi-
tional monitoring are non-small molecules. 25 of the 68 
(37%) OMPs not included in the additional monitoring 
list are repurposed molecules.

Number of pivotal efficacy clinical trials for each indication 
approved
The range of main clinical trials supporting the indica-
tion approved varies between 0 (zero) and five (Table 1). 
Additionally, 135 of the 192 (70%) MA’s granted in this 

Fig. 1  Retrieval process (Sign off date: 31st December 2023)
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period were approved based on only one pivotal clinical 
trial. Ten OMPs were approved without presenting new 
clinical data. All these 10 OMPs were submitted under 

legal basis Article 10(a)—well-established use or 10.3—
hybrid application of Directive 2001/83 (EC). We iden-
tified one OMP (fosdenopterin), approved in 2022, for 

Fig. 2  Evolution of the number of OMPs which have received a non-standard marketing authorization, OPMs which are non-small molecules, 
and OMPs which have benefited from accelerated assessment

Fig. 3  Evolution of the number of non-orphan products which have received a non-standard marketing authorization, non-orphan products which 
are non-small molecules, and non-orphan products which have benefited from accelerated assessment
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which 5 main clinical studies were conducted to sup-
port the indication: molybdenum-cofactor-deficiency 
(MoCD) type A. From these 5 main studies, three 
are non-interventional studies (one is a retrospective 
observational data collection study, one is a natural 
history study and other is a follow-up data collection 
study).

Three OMPs have been approved based on clinical data 
of only ten patients. One is an ATMP intended to treat 
Aromatic L-amino acid decarboxylase deficiency. The 
other two are small molecules (glibenclamide to treat 
neonatal diabetes mellitus and setmelanotide to treat 
obesity associated with biallelic pro-opiomelanocortin 
(POMC), including PCSK1, deficiency obesity or leptin 
receptor (LEPR) deficiency obesity). All these conditions 
are ultra-rare (prevalence inferior to 0.2 per 10 000).

All ATMPs and all 6 oligonucleotides were approved 
based on only one pivotal clinical trial.

Clinical trial designs
241 main studies were submitted to support the approval 
of the 192 OMPs. Among main studies, 117 (48.5%) were 
randomized controlled, double-blind trials. In 95 of these 
117 (81%) randomized controlled trials the placebo was 
used as control whereas in 13 (11%) an active control was 
used. 91 OMPs (47%) were approved based on at least 
one randomized controlled trial. 4 OMPs were approved 
based on only retrospective/ observational studies. One 
of these OMPs was a repurposed molecule (Chenodeoxy-
cholic Acid) and the retrospective study submitted was a 
cohort to assess safety and efficacy. Two biologicals were 
approved also based on retrospective studies: the appli-
cant of “ex vivo expanded autologous human corneal epi-
thelial cells containing stem cells” used a retrospective, 
uncontrolled, case series-based observational study and 
“dinutuximab beta” was approved based on two retro-
spective data collection studies with comparison to his-
torical controls from a Patient Registry. Lonafarnib, to 
treat progeria, presented an observation cohort survival 
study.

Type of primary efficacy endpoints
We did not include in this analysis the 11 OMPs which 
did not present new clinical data and, therefore, do not 
have endpoints to be classified. In the group of oncologi-
cal OMPs, only 25% of the OMPs were approved based 
on hard clinical endpoints (“death” or “overall survival”). 
The most common efficacy endpoints used in this group 
are the surrogate endpoints (Tabel 1), such as: objective 
response rate (ORR), progression-free survival (PFS), 
disease-free survival (DFS), event-free survival (EFS) 
and pathological complete response (pCR). In the group 
of the OMPs addressing genetic diseases the clinical 

endpoints are the most common efficacy endpoints used 
(about 40%). In this group efficacy endpoints such as: 
“number of bleeding episodes”, “bleeding requiring blood 
transfusion” and “hospitalization required” are quite 
common and were used as clinical endpoints to assess 
the efficacy of the treatment of Haemophilia A and B. 28 
of the 109 (26%) OMPs addressing genetic diseases have 
as primary endpoints the performance in disease scores 
(functional endpoints) such as: “change in 6-min walk 
distance (6MWD)”, “change in neuropathy impairment 
score plus 7 nerve test (mNIS + 7)”, “3-min stair climb test 
(3MSCT)” and “total motor function measures 32 score 
(MFM32)”. For cystic fibrosis all studies used “change in 
forced expiratory volume (FEV)”. In the small group of 
anti-infective OMPs, to assess the efficacy in the tubercu-
losis, only the following surrogate endpoints were used: 
“time to culture conversion” and “bacteriologic relapse/
failure”.

Total number of patients enrolled in the pivotal efficacy 
studies
For the calculation of the statistical parameters, we 
excluded the outlier 6886 (Malaria studies: SEAQUA-
MAT and AQUAMAT). Excluding this, the second 
maximum identified (1445) was from a OMP (tolvaptan), 
intended to treat autosomal dominant polycystic kidney 
disease, a condition with a prevalence reported of 4 in 10 
000.

The minimum of patients enrolled in the pivotal clini-
cal trial was 10. The median and the mean was 166 and 
245 respectively. If we consider only the OMPs intended 
to treat ultra-rare diseases the mean of the total patients 
included in the main studies falls from 245 to 91.

The mean of number of patients enrolled in the onco-
logical OMPs was calculated in 312; for the group of 
OMPs addressing genetic diseases was 207 and in the 
“old” molecules 494.

In the next figure (Fig. 4) we present the boxplots of the 
total number of patients enrolled in the efficacy studies 
according to the type of MA granted.

Discussion
A total of 192 OMPs were approved between 2010 and 
2022. Overall, three main groups of OMPs were identi-
fied depending on their therapeutic indications: i) med-
icines with oncological indications, intended to treat 
adults (about 40% have oncological indications (ATC 
code L); ii) OMPs with ‘true’ rare indications, such 
as genetic and metabolic diseases [metabolic inborn 
errors, blood disorders, muscular dystrophies, and 
neuropathy’s (ATC codes A, B, M and N)], intended to 
treat mainly children and often approved based in only 
one pivotal clinical trial and iii) (small) group of OMPs 
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is intended to treat infections (e.g. as multidrug-resist-
ant tuberculosis, and other respiratory tract infections, 
mycosis fungoides, anthrax and malaria (ATC codes J 
and P).

The percentage of OMPs targeting oncological condi-
tions (40%) identified in our study is similar to the results 
reported in a study analysing MA of OMPs between 2000 
and 2013 (39%) [16]. Except for the seven major tumour 
types, including breast cancer in female, lung, colorec-
tal, stomach, pancreatic, prostate and bladder cancers, 
almost all other cancers may be classified as rare [17, 
18]. Applying the European definition of rare diseases 
(prevalence < 5 in 10 000), rare cancers represent 24% of 
total cancer prevalence as estimated by RARECARE [18]. 
Moreover, recent technical advances in genetic testing 
allowed further segmentation of cancer types into smaller 
subgroups [17, 19–22]. We observe in this category of 
OMPs a high level of competition which is not common 
in other orphan therapeutic areas: for some oncological 
therapeutic indications (e.g., multiple myeloma, leukae-
mia, and lymphoma) several OMPs were approved in 
the period studied. This high competition can be due to 
the high costs of the oncological medicines and the high 
probability of multiple indications, which makes this 
market attractive [23–26].

The majority (50–75%) of all rare diseases affect chil-
dren and 30% of whom will die before age 5 years [27, 
28]. We expected to see this reflected in the target age 
of the OMPs approved between 2010 and 2022. How-
ever, in the period studied, 55% of the OMPs approved 
were intended to treat adults only. This is due to the high 

number of OMPs approved with oncologic indications 
which are mainly to be used in adults. This confirms that 
several rare diseases remain without treatment, espe-
cially the non-oncologic diseases, as previously reported 
in existent literature [29–32].

An important criterion to classify a medicine as 
“orphan” is the prevalence of the disease that the medi-
cine is intended to treat. The applicants usually present 
prevalence calculations based on publications derived 
from literature search. The EPARs and the public sum-
maries of opinion on orphan designation always contain 
a section presenting the prevalence data. From 2018 
onwards, for each newly authorised medicine, the COMP 
performs a review of the orphan designation based on 
the data available at the time of the MA application. 
This report (OMAR) is publicly available on the EMA 
website. In the period studied, most of the OMPs were 
intended to treat diseases with a prevalence lower than 
or equal to 1 in 10 000 (51%). Although no legal defini-
tion of ‘ultra-orphan’ diseases has been established, this 
subcategory was introduced by the National Institute for 
Health and Care Excellence (NICE). It is suggested to be 
applied to diseases with an estimated prevalence of < 1: 
50 000 (or 0.2 in 10 000) [33]. In the period studied 41 
of the 192 (14%) OMPs were intended to treat ultra-rare 
diseases. Some discrepancies were found with different 
prevalence figures reported for the same applied orphan 
indication. For instance, for multiple myeloma, 12 OMPs 
were approved in the period studied and the prevalence 
mentioned for this disease varies between 1.6 and 4 per 
10 000. This discrepancy is, in some cases, difficult to 

Fig. 4  Box plot of the number of patients enrolled in the main clinical trials of OMP approved according to the type of MA granted between 2010–
2022
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explain since some of these orphan designations were 
granted in the same year. For panobinostat and elotu-
zumab, both intended to treat Multiple Myeloma, the 
orphan designation was granted in both cases in 2012. 
For panobinostat the prevalence reported was twice as 
high as the prevalence reported by the applicant of elo-
tuzumab (3.2 vs 1.6 in 10 000). We would expect that for 
the same orphan designation granted in the same year, 
the prevalence calculated would be the same or, at least, 
similar. These discrepancies raise doubts regarding the 
source of information, validity and quality control check 
of the prevalence data provided by the applicant. We 
observed that since the introduction, in 2018, of the par-
allel assessment of the orphan designation criteria by the 
COMP, these discrepancies are not observed any longer. 
This additional step has contributed to a more precise, 
transparent, and efficient process in orphan medicines 
criteria assessment.

As expected, the majority of the orphan medicines 
received the status ‘new active substance’ and were 
approved under legal basis 8.3 of Directive 2001/83 (EC), 
i.e. they are full applications. Nevertheless, there is an 
interesting group of orphan medicines which represents 
‘old molecules’ with new indications. This is called ‘drug 
repurposing’, ‘drug reprofiling’, ‘drug redirecting’ and/or 
‘drug rediscovery’ [34]. In this study we adopted the term 
‘drug repurposing’. The repurposed molecules identified 
between 2010 and 2022 were approved under legal basis 
10(a), 10.3 or 8.3 of Directive 2001/83 (EC). The major 
advantage of drug repurposing is the availability of clini-
cal and regulatory knowledge on the active substance’s 
safety profile, pharmacokinetics, dose, quality, and pro-
duction process, hence typically lowering overall risk and 
development costs [35–37]. Drug repurposing may be 
particularly attractive for the development of treatments 
for rare diseases [35, 38]. The process of repurposing 
drugs for new indications, compared with the develop-
ment of novel orphan drugs, is a time-saving and cost-
efficient method resulting in higher success rates, which 
can therefore drastically reduce the risk of drug develop-
ment for rare diseases [37, 39]. It can be expected that the 
new computational tools developed and made possible 
thanks to the artificial intelligence will contribute to this 
drug rediscovery process for rare diseases in a more effi-
cient way [37, 40]. In the period studied about one out of 
five OMPs has been repurposed, which is similar with the 
findings reported by Davies et al. [41] and Sibren van den 
Berg et al. [36], both referring to the European setting. 
There is also one OMP—artesunate—approved in 2021, 
to treat severe malaria, with the status of new active 
substance, which is actually not ‘new’ since artesunate 
is being used for malaria treatment since 2006 [42–45]. 
Artesunate was available in the EU, in many treatment 

centers, since 2007, as non-licensed product [45–47]. 
Since artesunate is not a constituent of a medicinal prod-
uct previously authorised within the EU, the ‘new active 
substance status’ was granted. Thus, this ‘old’ molecule 
could not be classified as ‘repurposed’.

The accelerated assessment, created in 2004, by the 
recital 33 and Article 14(9) of Regulation (EC) No 
726/2004, reduces the timeframe for the EMA to review a 
marketing authorization application (MAA) [48]. Under 
the PRIME scheme, launched in 2016, it is possible for 
the applicants to receive confirmation during the clini-
cal development phase that the investigational product 
might potentially be eligible for accelerated assessment 
[49]. Although, the PRIME program and the accelerated 
assessment tool are not exclusive for orphan medicines, 
the OMPs constituted 56% of the PRIME applications, 
according to the 5-years PRIME report [50]. During the 
period studied 89% of the MA’s which benefited from this 
accelerated assessment were granted from 2015 onwards, 
which was expected since PRIME was created in 2016.

After the assessment of the MAA, one of the three 
types of Marketing Authorizations can be granted: stand-
ard MA (valid for five years), conditional MA or MA 
under exceptional circumstances. The legal basis for the 
conditional MA is the Article 14 (a) of the Regulation 
(EC) No 726/2004 [48], and the provisions for granting 
a conditional MA are further elaborated in Regulation 
(EC) No 507/2006 [51]. A conditional MA is a pragmatic 
tool for the fast-track approval of a medicine that fulfils 
an unmet medical need.

The EC may grant a conditional MA for medicines that 
meet the following criteria: the benefit-risk balance of the 
medicine is positive; it is likely that the applicant will be 
able to provide comprehensive data post-authorization; 
the medicine fulfils an unmet medical need; the benefit 
of the medicine’s immediate availability to patients is 
greater than the risk inherent in the fact that additional 
data are still required [52]. This type of MA is valid for 
one year and can be renewed annually. The Marketing 
Authorization Holder (MAH) must fulfil specific obli-
gations such as completing on-going studies or perform 
new studies or collect additional data to confirm that 
the medicine’s benefit-risk balance remains positive. It 
is possible that the conditional MA becomes a standard 
MA, no longer subject to specific obligations, once the 
MAH fulfils the commitments imposed and the com-
plete data have confirmed that the benefits continue to 
outweigh the risks [53]. Medicines for human use are 
eligible if they are intended for treating, preventing, or 
diagnosing seriously debilitating or life-threatening dis-
eases [52]. This includes orphan medicines.. Since this 
special type of MA is the second most prevalent type of 
MA’s in the OMPs, it would be interesting to examine 
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the clinical data/evidence supporting the MA, the rea-
sons for granting the conditional authorization and to 
follow up the specific obligations imposed by the EMA. 
Banzi et al. assessed the conditional approvals between 
2006 and 2015 [54]. However, their study did not specify 
the OMPs, and it did not include the period after PRIME 
implementation. Moreover, it is expected that the RWD 
and RWE will be essential for the evidence generation for 
this group of OMPs. Therefore, it would be interesting 
also to investigate and describe the role of the RWE for 
the orphan medicines development and regulatory deci-
sion making, for the same period, in further research.

On the other hand, the MA under exceptional circum-
stances, mentioned in the Article 14 [8] of the Regulation 
(EC) No 726/2004 [48], can be granted when the appli-
cant is unable to provide comprehensive data on the effi-
cacy and safety under normal conditions of use, because 
the condition to be treated is rare or because collection 
of full information is not possible or is unethical. There-
fore, it will not lead to the completion of a full dossier 
and become a standard MA. The designated OMPs are 
eligible for approval under exceptional circumstances 
if the criteria considered for the approval under excep-
tional circumstances are fulfilled [52, 53]. All medicines 
approved under exceptional circumstances are under 
additional monitoring, as expected, since the aim of this 
additional monitoring is to enhance reporting of sus-
pected adverse drug reactions for medicines for which 
the clinical evidence base is less well developed. The con-
cept of additional monitoring was introduced by the 2010 
pharmacovigilance legislation, which came into effect in 
July 2012.

In the period studied we observed that the OMPs 
added in the additional monitoring list are quite hetero-
geneous: different legal basis of the MAA, all three types 
of MA granted, different types of molecules and differ-
ent ATC codes, which can be explained by the different 
situations where the additional monitoring should be 
applied: if the product contains a new active substance 
authorised in the EU after 1 January 2011; if the product 
is a biological medicine, such as a vaccine or a medicine 
derived from plasma (blood), authorised in the EU after 
1 January 2011; it has been given a conditional approval 
or approval under exceptional circumstances; when the 
MAH is required to carry out additional studies; it is 
authorised with specific obligations on the recording of 
suspected adverse drug reactions. Or when the Agency’s 
Pharmacovigilance Risk Assessment Committee (PRAC) 
advises to place a medicine under additional monitor-
ing. It is interesting to note that 8 of 33 (24%) of the 
´orphan’ repurposed medicines, approved between 2010 
and 2022, were added in the additional monitoring list. 
Five of 8 (62,5%) were included since they have received 

a conditional approval or an approval under special cir-
cumstances. Three of 8 (37,5%) OMPs under additional 
monitoring have received standard MA’s. It would be 
interesting to analyse the reasons for including these 
“old” and “well-known” molecules in the additional moni-
toring list. However, only one EPAR mentions the reason: 
a mandatory post-authorization safety study (PASS) reg-
istry to further characterise the long-term safety of the 
active substance regarding the important potential risks.

Even though orphan medicines can benefit of some 
level of regulatory flexibility, due to the inherent charac-
teristics of rare diseases, the granting of a MA requires 
the same level of evidence [1]. However, generating 
robust evidence with a small sample of patients is a meth-
odological and logistic challenge [55]. It is known that the 
MAAs for orphan medicines often include a lower num-
ber of pivotal clinical trials and less subjects enrolled [12, 
56, 57]. In the period studied a high percentage (70%) of 
OMPs approved was based on only one ‘pivotal’ clinical 
trial.

It is also interesting to note that the only OMP whose 
approval was based on five main clinical trials (fosdenop-
terin) is intended to treat an ultra-rare disease, molyb-
denum-cofactor-deficiency (MoCD) and was approved 
under exceptional circumstances. In total 64 patients 
were enrolled.

The maximum number of patients in main clinical tri-
als identified was 6886 for artesunate (Malaria studies: 
SEAQUAMAT and AQUAMAT). Malaria is an ultra-
rare disease in EU, with a prevalence calculated in 0.12 
per 10 000. However, it is not rare at all in other regions. 
In fact, malaria is endemic in 85 countries with 6 African 
(Sub-Saharan) countries contributing for 55% of all cases 
globally [58]. The patients included in both clinical stud-
ies mentioned above were recruited in Southeast Asia 
and Africa respectively, where malaria is endemic.

A common adaptation in the clinical development 
programs of orphan medicines is the use of surrogate 
endpoints, instead of clinical endpoints, to accelerate 
approval in case of rare, life-threatening diseases [16, 59–
61]. In our study set it was possible to confirm this. In the 
period studied 51% of the pivotal clinical trials used sur-
rogate endpoints to assess the efficacy of the experimen-
tal medicine. Similar results were found by Hofer et al. 
[62], based on a data set of all OMPs approved between 
2000 to 2013. According to Hofer’s study, surrogate pri-
mary endpoints were used in 57% of the OMPs, if the 
applicant was a small enterprise, 52% if the applicant is 
a medium-sized company and 82% when the applicant´s 
company was a large company [62].

Regarding the (pivotal) clinical trial designs submit-
ted about 49% of them are randomized controlled trials 
(RCT). This percentage of RCT is lower than the results 
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of the first decade of OMPs [63]. Joppi et al. analyzed the 
63 OMPs approved between 2000 and 2010. For these 
MAA were submitted 38 RCT (60%). Also, the percent-
age of placebo is quite different: 49% in the first dec-
ade and 81% between 2010 and 2022. Interestingly, the 
percentage of active control is the same in both studies 
(11%). We would expect a higher use of placebo in the 
first decade and a higher use of active control in our 
study period, since in the meanwhile there are for some 
conditions already an approved therapy. Therefore, we 
would expect to find higher percentages of active controls 
between 2010–2022 than in the first decade (2000–2010).

Another interesting and intriguing observation is the 
early removal of an ODD. This phenomenon raises many 
questions, especially when it happens upon request of the 
sponsor before the end of the market exclusivity period. 
There are different theories about the reasons for this 
early removal of the ODD. Montanaro et  al., speculates 
about these premature withdrawals saying that prob-
ably, the earlier removal of the exclusivity of product A 
of a company would allow another company to enter the 
market with a similar product B without fulfilling the 
requirement of its superiority on product A [64]. Supe-
riority can be difficult to assess in case of orphan medi-
cines due to logistic and methodological challenges 
associated with the rarity of the disease. Or the second 
medicine (B) can have failed the superiority test. In both 
cases it is simpler for the applicant to negotiate with the 
first company (competitor) by offering a compensation to 
remove the ODD of the medicine already marketed for 
the same indication. These removals are observed par-
ticularly in antineoplastic medicines where there is a high 
market competition and where ‘medicines’ attempt to 
differentiate from each other.

The pharmaceutical regulation and all process involv-
ing medicines development and licensing have been 
more than ever under the attention and scrutiny of the 
society, especially since the COVID-19 pandemic. Under 
this scope, the need of increasing transparency in each 
step of the product lifecycle has been underlined by other 
researchers such as Montanaro et  al. [64] in what con-
cerns to the request of removal the orphan designation.

We foresee in the current context a good opportunity 
to reflect about the need of this requirement in the new 
pharma legislation in order to make the withdrawal pro-
cess more transparent.

The commercial reasons that justify a medicine with-
drawal are also an interesting point. From the data pub-
licly available, it is not possible to know exactly what 
reasons are hidden under this umbrella term. The MAH 
is not obliged to give specific explanation about the 
reasons to withdraw a product if the argument is com-
mercial. If there are no known safety concerns or lack of 

efficacy, all other reasons can be commercial or part of 
the company’s strategy.

The newly proposed pharmaceutical legislation will 
repeal the general pharmaceutical legislation and the 
legislation on paediatric medicines and on rare diseases. 
There will be consequences for the three categories of 
orphan medicines identified in this study, i.e. i) OMPs 
with oncological indications; ii) OMPs intended to treat 
genetic diseases, such as haemophilia, cystic fibrosis 
and muscular dystrophies and iii) OMPs to treat infec-
tions (e.g. multi-resistant drug tuberculosis). The major 
changes are related to the data protection and market 
exclusivity.

For repurposed medicines the data protection is pro-
posed to be four years if they address an unmet medical 
need and if they demonstrate a significant clinical benefit. 
This might be an incentive to stimulate medicines repur-
posing addressing unmet medical needs [65]. Significant 
benefit it is defined in Regulation (EC) No 141/2000 as 
"a relevant advantage" or “major contribution to patient 
care”. This concept is unique in Europe, it does not exist 
in any other regulatory framework. It requires a new par-
adigm of adaptive pathways to generate evidence along 
the life cycle of a product. On the one hand it can be a 
challenge to assess significant benefit when meaning-
ful data are lacking: in case of conditional approval, for 
instance. On the other hand, there are many opportuni-
ties to generate this evidence and to prove the existence 
of significant benefit for the patients. Some of these are: 
1) post-marketing (re)assessment of the significant ben-
efit, which is unfortunately not yet foreseen in the regula-
tion, but would allow more flexibility without hampering 
the value of the orphan status; 2) promote the discus-
sions on significant benefit and pro-actively raise ques-
tions on the evidence generation of significant benefit 
when the applicant seeks protocol assistance; 3) take into 
account the patient relevant outcomes measures / patient 
reported outcomes to support the claim of significant 
benefit and 4) Real World Data (RWD) can be a valuable 
tool to create the evidence needed in order to assess the 
real value and clinical benefit of the product in a real life 
setting.

The concept of ‘unmet medical need’ is an important 
requirement which will impact the orphan medicines 
market. We may expect that the designated orphan 
medicinal products shall be considered as addressing 
unmet medical needs. However, it will be necessary to 
create clear scientific guidelines on this issue.

Market exclusivity, one of the most relevant incentives 
created by the current orphan medicines Regulation, will 
decrease from ten (10) years to nine (9) years. There will 
be a possibility of extension. In total, a OMP can receive 
a maximum of 13 years market exclusivity. The proposed 
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changes in the market exclusivity rules suggest that this 
exclusivity will be a reward based on specific conditions 
to be filled by the MAH, instead of something given at 
the time of the granting of the MA. For instance, if the 
product addresses an “high unmet medical need”, an 
extension of one year to the market exclusivity can be 
granted. Products are considered to address a high 
unmet medical need if: a) there is no authorised medi-
cine for the condition, or the new product brings excep-
tional therapeutic advancement; and b) the new product 
results in a meaningful reduction in disease morbidity 
or mortality. This could be a challenge since one of the 
most common reasons for losing the ODD at the time of 
the MA is the lack of evidence that the product shows a 
significant benefit compared to the existing alternative. 
Moreover, most of the OMPs were approved based on 
the surrogate endpoints.

The OMPs based on bibliographic data i.e., legal basis 
10(a)—well-established use—of Directive 2001/83 (EC), 
will receive five (5) years of market exclusivity instead 
of ten (10) years. This type of application might become 
less attractive in the future if the legislation come into 
force as it is currently projected. It is not expected that 
this approach will have a critical impact on the OMPs 
approved since according to our data set only 3% of the 
OMPs were approved under the legal basis article 10(a) 
of Directive 2001/83 (EC).

Apart from these foreseen challenges there will be also 
opportunities for the OMPs: the reduced EMA assess-
ment time from 210 to 180 days and the EC approval 
within 46 days (instead of 67 days); the regulatory sand-
boxes for testing new regulatory approaches for novel 
technologies and the facilitating use of real-world evi-
dence (RWE), as well as the innovative clinical trial 
designs, which will be especially useful for the clinical 
research for rare diseases.

Finally, it’s important to acknowledge that this study 
is subject to limitations. First, the study data are limited 
to OMPs approved between the period 2010 and 2022, 
excluding the first 10 years of the orphan drug regulation. 
However, we presented the most recent data about exten-
sive characterisation of OMPs approved in EU over along 
but a recent period. Second, we only analysed the OMPs 
approved i.e., with a MA granted, excluding negative 
CHMP opinions and all other orphan drug designations 
granted but which are not approved yet. The SME status 
presented could be not the same at the time of the appli-
cation. Thus, it is possible that at the time of the appli-
cation, the applicant had a SME-status, but later has lost 
it for any reason (e.g., company growth). We could not 
trace if at the time of the application the applicant had a 
SME-status.

Conclusions
The number of OMPs approved in each year in the Euro-
pean Union shows an increasing trend, in the period 
studied. We even observed that during the years of the 
COVID-19 Pandemic (2020–2022), which placed a sus-
tained and intense demand on the EU Medicines Regu-
latory Network (EUMRNs) resources, with multiple 
medicinal products subjected to accelerated evaluation 
and safety monitoring of the COVID-treatments, the 
highest number of OMPs have been approved.

The largest group of OMPs approved have oncological 
therapeutic indications and are intended to treat adults. 
In this group we observe different OMPs approved for 
the same indication, revealing a high competition in 
some therapeutic areas.

This analysis of OMPs approved in EU between 2010 
and 2022 shows that also a shift has occurred in the rare 
disease medicine development space. Over the period 
studied we observe an increase of non-small molecules 
approved, accelerated assessment received and non-
standard MA’s granted.
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