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Rare diseases, affecting millions globally, pose a significant healthcare burden despite impacting a small population. While approximately 70% of all rare diseases are genetic and often begin in childhood, diagnosis remains slow and only 5% have approved treatments. The UN emphasizes improved access to primary care (diagnostic and potentially therapeutic) for these patients and their families. Next-generation sequencing (NGS) offers hope for earlier and more accurate diagnoses, potentially leading to preventative measures and targeted therapies. In here, we explore the therapeutic landscape for rare diseases, analyzing drugs in development and those already approved by the European Medicines Agency (EMA). We differentiate between orphan drugs with market exclusivity and repurposed existing drugs, both crucial for patients. By analyzing market size, segmentation, and publicly available data, this comprehensive study aims to pave the way for improved understanding of the treatment landscape and a wider knowledge accessibility for rare disease patients.
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Introduction

Rare diseases pose a significant disease burden to patients, doctors and caregivers. They constitute a heterogeneous and conspicuous group of 7,000 indications, affecting a small number of individuals, when looked individually (< 1 in 2000) (1). However, when combined, rare diseases affect 1 in 16 people worldwide (2), leading to an estimated 300 million people being affected worldwide. Roughly 80% of the rare diseases are genetically predisposed (3), with 70% of them showing an onset during childhood years (4). However, 95% of these indications lack approved treatments, with diagnosis taking an average of 4.8 years and 30% of the pediatric population affected before the age of 5 (1). The 2021 resolution of the United Nations (UN) on rare diseases highlights the need for improved access to healthcare, especially primary care, for the affected population and their families (5). Next generation sequencing (NGS), non-coding DNA sequencing, non-invasive prenatal testing, carrier screening, advanced bioinformatics along with improvement in several other genetic screening techniques hold promise for presymptomatic and more accurate diagnosis of rare diseases (6–8). High sensitivity and specificity for diagnosing rare neurological disorders have been demonstrated previously (9). Integrated multi omics approaches have reduced the diagnosis timeline in synergy with traditional methods (10). Early diagnosis is crucial for improved health outcomes and quality of life (QoL), reducing treatment costs and easing financial burdens.

The limited market potential for rare disease drugs discourages pharmaceutical development. Policies like the 1983 US Orphan Drug Act (11) incentivize orphan drug development, leading to hundreds of approved drugs globally. Treatments like Lenmeldy (12), Hemgenix (13), and Zynteglo (14) are exorbitantly expensive, reflecting a lack of global equity to access these medications. Additionally, parents of the affected pediatric population and caregivers to face limited information, reduced treatment options, financial strain, and potential career sacrifices (15), with affected individuals often subjected to inadequate support from institutions such as schools and workplaces. Prioritizing early diagnosis, effective treatment, and increased research funding through specific policies (16) is crucial.

The European Union (EU) has taken proactive steps to address these conditions through the Orphan Drug Regulation (17), which incentivizes drug development by offering various benefits to pharmaceutical companies. Key therapeutic advancements, such as gene therapy (18), precision medicine (19), and drug repurposing (20) hold promise for improving patient outcomes. However, challenges persist, including diagnostic delays, limited treatment access, and clinical trial recruitment, particularly for ultra-rare diseases.

Recent studies have focused the understanding on rare disease therapies, at least in the EU space, to either diagnostics (1, 21) or specific therapies (22). To the best of our knowledge, our analysis is the first of its kind in providing a unique perspective and novel framework for a comprehensive evaluation of the rare diseases’ treatment landscape. Albeit concentrating only on EU and EMA approved drugs, we analyzed the scientific advancements (capturing mechanism of action diversity) and the competitive market dynamics (capturing commercial and market shares) surrounding approved and developmental therapy pipelines. This holistic approach offers a more detailed understanding of the challenges and opportunities in rare disease drug development, identifying the complexities of unmet therapeutic needs.

This study aims to offer a better understanding of the current therapeutic landscape for rare diseases in the EU by examining EMA-approved and investigational treatments in developmental pipelines. The ultimate goal of our work is to contribute to the development of innovative solutions that enhance the lives of individuals affected by rare diseases. Specifically, this study aims to reduce the cost of illness (COI) and improve the quality of life (QoL) for the patients affected with rare diseases. By achieving these objectives, we aim to empower various stakeholders such as researchers, policy makers, and pharmaceutical companies to make informed business and commercial decisions keeping in mind the current state of rare disease treatment development. Furthermore, with our market segmentation analysis we hope to facilitate the exploration of potential developmental and market opportunities within the rare disease therapeutics space.



Methods


Data sources

Data was extracted from publicly available information on company websites on developmental pipelines. The information on finances and market were derived from public information on company financial statements. All data sources and links are summarized in Supplementary Table S1. This study explores the therapeutic interventions’ landscape against rare diseases taking into consideration 211 drugs approved by the EMA until 2021, for rare diseases or intended for rare disease use. We also consider drugs in developmental pipeline from 43 leading biopharmaceutical companies/biotech working in the rare disease space. We have broadly classified the EMA approved drugs for rare diseases into two segments, depending on their designation status: (1) Drugs with Orphan Drug Designation (ODD) (17): Orphan drugs receive regulatory incentives and market exclusivity from the EMA due to their specific development for rare diseases. (2) Non-Orphan Drugs for Rare Diseases: Existing medications repositioned to treat rare conditions, potentially offering a faster route to patient and market access.

The revenue analysis encompasses the global market for these drugs. This comprehensive approach provides a broader understanding of the expanding landscape of these treatments both from a development and financial point of view. These systemic study takes into account publicly available data sources like: (1) Drug developmental pipelines along with financial statements of major pharmaceutical and biotechnology companies (Supplementary Tables S1, S3, S4). (2) The EMA approved drugs information until 2021 (major present pharmaceutical assets) which ensures data integrity, coverage and facilitates future research endeavors (Supplementary Tables S3–S7). The market share for rare disease therapeutics is segmented based on: (1) Pharma-Specific market shares: Examining the market position of pharmaceutical companies with these therapies. (2) Disease-Specific market shares: Understanding the market proportions of the analyzed rare diseases.



Systematic analysis using publicly available pipeline details and financial reports

The study was performed using open-source information and data to elucidate the landscape of approved and in-development therapeutic interventions for rare diseases, taking into account the research and development (R&D) pipelines of the analyzed biopharmaceutical companies/biotech (Supplementary Table S1), predominantly in the EU. Some of the key outputs analyzed in this study include the drug name, targeted disease, the mechanism of action of the interventions, therapy areas in which these interventions fall into, collaboration status and phase of clinical development. Furthermore, the locations of the key players were analyzed to obtain a comprehensive view of the geographical space.

The second study takes into account the approved interventions in the EMA, with and without ODD status, and intended for usage in rare diseases. The annual financial reports (2023) of companies holding the market authorization of the interventions were analyzed for the product specific revenue, product specific percentage of market shares, indication specific market share distribution, company specific and disease area specific market share distribution (Supplementary Tables S5–S7).

This multifaceted data analysis of market share and corporate pipelines delineates the rare disease therapeutic landscape and elucidates market dynamics in rare diseases. This study does not encompass approved therapies and in-development assets by the Food and Drug Administration (FDA, USA) and in other regions of the world.



Identification of interactions between indications and companies

To gain a global understanding of how a company’s developmental pipelines impact the R&D landscape for a specific rare disease and the therapeutic axes, we employed a bipartite network analysis. First, we constructed a network where companies are represented as nodes and make up the first layer of the network. These company nodes were connected to two distinct sets of nodes on the other side. The first layer containing the company nodes is then connected to two additional layers. The nodes in the second layer represent company collaborators which the companies in the first layer may work with (or that were acquired as a result of mergers and acquisitions). The nodes in the third layer represent diseases currently under development by the companies the in the first layer. In situations where a pharmaceutical company, is solely responsible for both drug discovery a direct connection between the first and third layers was made. This bipartite structure allows us to capture not only the company’s research focus but also their collaborative landscape.

We then removed individual companies from the first layer of the network, simulating a company going out of business or withdrawing from a particular research area. To assess the impact of this removal, we analyzed the interactions in the resulting network, considering two key factors. Firstly, we quantified the total number of companies remaining that would actively remain in the specific disease of interest. Secondly, we analyzed the number of unique mechanisms of action (MoA) represented by the companies. By analyzing the diversity of MoA, we assessed the potential impact on the range of therapeutic approaches being explored for the disease. This combined measure offered a comprehensive understanding of how a company’s developmental pipelines affect both the overall research effort and the richness of approaches (MoA) for a particular disease (Appendix 3).



Drug-protein interaction network

Drug-protein interaction networks were constructed using the STITCH database (version 5.0) (23). This database integrates experimental and curated data with text mining and prediction algorithms, resulting in a comprehensive network of chemical-protein interactions. For each drug of interest, both ODD and non-ODD, the corresponding STITCH network was retrieved and visualized. The strength of the drug-protein interactions in STITCH is quantified by a confidence score ranging from 0 to 1, where higher scores indicate stronger evidence for the interaction. To identify the impacted pathways, we extracted the proteins involved in the drug-protein interactions and mapped them to known biological pathways using pathway analysis tools such as Reactome or KEGG. Finally, the drugs with top 30 MoAs were counted and presented in the form of a bar graph.



Visualizations

A scatter plot visualized the relationships between various parameters, including market share, revenue of top-selling assets, competitive index, and collaborative index. The data was aggregated and collected in Microsoft Excel, using Excel functions such as vlookup. The plotting was done using Prism v10.2.3 (GraphPad) and custom-made scripts using Python programming language. Figure panels were prepared in affinity designer and Inkscape softwares.




Results


Global map of pharmaceutical players, therapy areas of interventions and their corresponding mechanisms of action

The global distribution shows that the pharmaceutical entities involved in the development and approval of drugs for rare diseases are headquartered mostly in the developed countries. The United States is the leading location for the headquarters followed by the EU nations, Japan and Australia (Figures 1A,B). Some of the leading countries hosting these headquarters are the Netherlands, Germany, France, Ireland, Sweden, Italy, United Kingdom, Spain, Switzerland and Belgium (Figure 1C).
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FIGURE 1
 (A) Worldwide distribution of pharmaceutical entities having approved and in development therapeutics against rare diseases (data considered from EMA specific documents, companies from other regions in the world may not be covered in this study). (B) European distribution of pharmaceutical entities having approved and in development therapeutics against rare diseases. (C) Distribution of countries according to the number of pharmaceutical entities headquartered there.


Key therapies for rare diseases include targeted therapy, ERT, gene therapy, combinatorial therapy, antisense RNA therapy, CAR-T cell therapy, and siRNA-based interventions (Figure 2A). The mechanism of action landscape encompasses enzyme Inhibitors (such as BTK, TYK2, TTR, UBE3A-ATS, Bcl-2, VEGFR inhibitors and others), activation therapies (such as CFTR, orexin 2 receptor and GLP-2R activators), antibody-based therapies (such as anti-PD-1, anti-type I interferon receptors, anti-CD20, anti-IL-6 and anti-complement system C5), Alternative therapeutic strategies such as recombinant human clotting factor VIII, DNA alkylating agents, CAR T-cell therapy targeting B-cell maturation antigen, and drugs that modulate cellular processes like protein translation (elF2B activation) and fibrosis (TGF-β inhibition) are also implicated (Figure 2B). In the course of this study, 641 rare disease interventions, 530 unique MoAs and 25 unique modalities were analyzed, along with individual pipeline analyses for the major players in rare diseases (Supplementary Figures S1, S2). Connectivity across parent companies sponsoring the development of an intervention, their collaboration and partnering with other companies/biotech and the targeted disease shows that collaborations are a key component of drug development in rare disease therapies (Figure 2C). Hoffmann-La Roche AG, Takeda, AbbVie, Biogen, Affinia therapeutics, Sarepta therapeutics, PTC therapeutics, Ionis pharmaceuticals, AstraZeneca AB, Spark therapeutics, LogicBio therapeutics and Denali therapeutics take the lead in partnerships and collaborations in developmental pipelines (Figure 2D), in key therapeutic areas such as systemic lupus erythematosus [Novartis, Hoffmann-La Roche AG, AbbVie, Janssen, AstraZeneca and Bristol-Myers Squibb (including Celgene)], multiple myeloma (Ipsen Pharmaceuticals, Hoffmann-La Roche AG, AbbVie, Novartis, Janssen, AstraZeneca, Pfizer and Bristol-Myers Squibb), Duchenne muscular dystrophy (Hoffmann-La Roche AG, Vertex Pharmaceuticals, Ultragenyx, Affinia therapeutics, Sarepta therapeutics, Pfizer, PTC Therapeutics and BioMarin International), amyotrophic lateral sclerosis (Biogen, Ionis Pharmaceuticals, AbbVie, PTC therapeutics, Alchemab therapeutics, Pharmanext and Denali therapeutics), IgA nephropathy (Hoffmann-La Roche AG, Alexion (part of AstraZeneca), Travere therapeutics, AstraZeneca AB, Novartis and Takeda) and spinal muscular atrophy (Hoffmann-La Roche AG, Novartis, Biogen, Ionis Pharmaceuticals and PTC therapeutics). All these players have either single or multiple programs targeting the indications. In the case of multiple programs, the corresponding pharmaceutical companies are represented by multiple occurrences (Figure 2E). The competitive landscape of drug development for rare diseases was further granulated using:

(i) Single development: Only entity developing intervention against specific indications;

(ii) Competitors: Multiple entities involved in therapeutic interventions development against the indication;

(iii) Unique mechanism of action (MoA): Number of unique therapeutic axes used for therapeutic development from a mechanistic point of view; and

(iv) Shared MoAs: Number of shared therapeutic axes employed for therapeutic development from a mechanistic point of view.
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FIGURE 2
 (A) Intervention specific therapy area distribution in the therapeutic landscape. (B) Intervention specific mechanism of action (MoA) distribution of the therapeutic landscape. (C) Connectivity matrix connecting the parent company, collaborative companies and the diseases targeted in their developmental pipeline. (D) Top pharmaceutical companies having the highest number of collaborations in their developmental pipelines. (E) Top 6 disease areas dominated by multiple pharmaceutical players increasing competitiveness. (F) Heatmap showing the innovative index and competitive index (disease and MoA) of different pharmaceutical players having developmental pipelines in rare disease space (Yellow: Highest; Blue: Lowest).


We were able to conclude that Rocket pharmaceuticals, Sio Gene therapies, Sphero therapeutics and SpliceBio have a high degree of innovative index, but very low degree of competitive index. Companies like Sarepta Therapeutics, Bayer AG, Alchemy Therapeutics, Sumitomo Pharmaceuticals, Janssen, Biogen, Hoffmann-La Roche AG, PTC therapeutics, Vertex Pharmaceuticals, Ionis Pharmaceuticals, Affinia Therapeutics, Alexion (part of AstraZeneca AB) have a low degree of innovative index and a very high degree of competitive index, while AbbVie, Amgen, Genzyme (part of Sanofi), AstraZeneca AB, Orchard therapeutics, LogicBio Therapeutics have a comparable innovative and competitive index (Figure 2F). Furthermore, analyses of all the companies involved in therapeutic development in unique axes of MoAs yields biotech entities with high degree of innovative index or competitive index (either from disease perspective or MoA perspective) and are potentially key determinants for M&A activities (Figure 2F).



Global distribution of EMA approved drugs (until 2021) with and without ODD status against rare indications having market shares

The EMA has approved interventions against 113 indications with ODD and 201 indications without ODD status till 2021.13 of these indications (multiple myeloma, acute lymphoblastic leukemia, type 1 Gaucher disease, pulmonary arterial hypertension, idiopathic pulmonary fibrosis, hereditary angioedema, adrenal insufficiency, chronic lymphocytic leukemia, follicular lymphoma, nephropathic cystinosis, Fabry disease, cystic fibrosis and hemophilia B) have known interventions, with both ODD and non-ODD status (Figure 3A). Out of the 400 interventions approved against rare diseases by EMA (Table 1), 35% have ODD status while 65% do not have ODD status (Figure 3B). There has been a continuous increase in the number of drug approvals against rare disease with and without ODD status in the last few decades (Figures 3C,D). The EMA approved drugs having ODD against rare diseases are dominated by targeted therapy (71.5%) and enzyme replacement therapy (8.5%) (Figure 3E). Some of the key indications targeted by ODD drugs are multiple myeloma, cystic fibrosis, spinal muscular atrophy, endogenous Cushing syndrome, hereditary angioedema and acute myeloid leukemia (Figure 3F). Novartis, BioMarin International Limited, Janssen Cilag International, Hoffmann-La Roche AG, Celgene (acquired by Bristol-Myers Squibb), Pfizer, Alexion (AstraZeneca partner), Alnylam pharmaceuticals, Chiesi Pharmaceutical, Incyte Biosciences, Shire (part of Takeda), Takeda pharmaceuticals, Vertex pharmaceuticals, Advanced Accelerator Applications, Akcea Therapeutics, Amgen, Bayer AG, Bluebird bio, Genzyme (part of Sanofi) and Ipsen Pharmaceuticals are the key pharmaceutical players in this group (Figure 3G).
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FIGURE 3
 (A) Indications shared by EMA approved drugs for rare diseases with and without ODD. (B) Distribution of total number of EMA approved drugs having ODD and no ODD. (C) Approval timeline of drugs against rare diseases by EMA without ODD (1995–2021). (D) Approval timeline of drugs against rare diseases by EMA with ODD (2005–2021). (E) Therapy area distribution of drugs with ODD (n = 130). (F) Cloud diagram showing the distribution of rare indications against which the ODD designated drugs were being approved. (G) Top 20 pharmaceutical entities involved in this intervention space with ODD. (H) Therapy area distribution of drugs without ODD (n = 268). (I) Cloud diagram showing the distribution of rare indications against which the non-ODD drugs were being approved. (J) Top 20 pharmaceutical entities involved in this intervention space without ODD.




TABLE 1 Summary of key numbers analyzed in the study.
[image: Table1]

The EMA approved drugs against rare diseases without ODD status are dominated by targeted therapy (75.4%), enzyme replacement therapy (15.3%) and chemotherapy (4.8%) (Figure 3H). Some of the key indications targeted by non-ODD drugs are multiple myeloma, hemophilia A, pleural mesothelioma, cystic fibrosis and acute lymphoblastic leukemia (Figure 3I). Pfizer, Merck, Novartis, Sandoz, Accord healthcare, Janssen International, Hoffmann-La Roche AG, Genzyme (part of Sanofi), Bayer AG, Eisai Gmbh, Mylan SAS, Recordati Rare Diseases, Baxalta Innovations, Bristol Myers Squibb, Celgene (acquired by Bristol-Myers Squibb), CSL Behring, Novo Nordisk, Sanofi, Shire (part of Takeda) and Amgen remain key players in the non-ODD group (Figure 3J).



Chemical network and mechanism of action driven landscape analysis of approved drugs against rare indications with and without ODD designation

Drug–drug (red lines) and drug protein (green lines) interaction networks represent the chemical landscape of the interventions. It shows that the drugs are quite sparse spatially which is due to the presence of innovative interventions targeting different biomarkers in the rare disease space which has received ODD (Figure 4A). Some of the key mechanisms of action represented by the ODD designated drugs are small molecule targeted therapy (such as CFTR activator, transthyretin (TTR) inhibitor, cysteine inhibitor, FXR inhibitor, TGF-β inhibitor, 16S/23S rRNA inhibitor, 30S ribosomal protein S12 inhibitor, 5-HT2 receptor agonist, σ1 receptor inhibitor, ALAS1 inhibitor), antibody-mediated targeted therapy (such as anti CD19 antibody, anti IL6 antibody, anti C5 antibody, anti CCR4 antibody, anti CD19/CD3 bispecific antibody, anti FGF23 antibody, anti CD20 antibody, anti GD2 antibody, anti-PA (B. anthracis toxin) antibody, anti-plasma kallikrein antibody, anti von Willebrand factor (vWF) antibody), antibody-drug conjugate (such as anti CD30 antibody/monomethyl auristatin E (MMAE), anti CD22 antibody/Calicheamicin, anti CD33 antibody/Calicheamicin) and gene therapy (such as AAV mediated SERPINA1 gene transfer, AAV9 mediated SMN gene transfer, AAV mediated RPE65 gene transfer) (Figure 4B).
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FIGURE 4
 (A) Chemical network represented by ODD designated interventions: drug–drug (red) and drug-protein (green) interaction framework. (B) Top 30 mechanisms of actions represented by interventions with ODD designation. (C) Chemical network represented by non-ODD interventions: drug–drug (red) and drug-protein (green) interaction framework. (D) Top 30 mechanisms of actions represented by interventions without ODD designation.


Similarly, drug–drug (red lines) and drug-protein (green lines) interaction networks among the non-ODD interventions might suggest that these interventions are mostly repositioned from other non-rare indications that share common targets and mechanisms of action (Figure 4C). The key mechanisms of action represented by the non-ODD designated drugs are small molecule targeted therapy, antibody mediated targeted therapy, enzyme replacement therapy and alternative therapies like DNA alkylating agent and folate antimetabolites (Figure 4D).



Market share landscape of therapeutic space against rare diseases with and without ODD status

A review of the pharmaceutical industry identified 20 key players by revenue and market share specific to rare diseases. Janssen (10.8%) came first in the list, followed by Hoffmann-La Roche (9.6%) and AbbVie (9.1%). Mergers and acquisitions are reflected, with Celgene (6.8%) included under Bristol-Myers Squibb and Alexion (4.2%) under AstraZeneca. The remaining companies include Vertex Pharmaceuticals (5.5%), Novartis (6.5%), Amgen (4.4%), Pfizer (4.4%), Merck (4.3%), CSL Behring (3.3%), Pharmaxis (2.4%), Genzyme (part of Sanofi, 2.2%), Boehringer Ingelheim (2.1%), Takeda (2.1%), Biogen (2.0%), BioMarin (1.3%), Eisai (1.1%), and Eli Lilly (1.0%) (Figures 5A,B). In addition, Amgen, Novartis, Hoffmann-La Roche AG, Pfizer, BioMarin international, Celgene (part of Bristol-Myers Squibb) Genzyme (part of Sanofi), Janssen, Merck, Recordati Rare Diseases, Sandoz, Takeda, Bristol-Myers Squibb, Alexion (part of AstraZeneca), Bayer AG, Biogen, CSL Behring, Eli Lilly, Vertex Pharmaceuticals AbbVie and Alnylam Pharmaceuticals also boast a large pharmaceutical portfolio of assets (Figure 5C). The market leaders of this therapeutic space were estimated using a correlation study between the total revenue and the highest grossing asset of each of the companies. It showed that there are three separate divisions among the players: The market leaders (6–12%): Janssen, AbbVie, Hoffmann-La Roche AG and Novartis and Celgene (part of Bristol-Myers Squibb); The upcoming major players (2.5–6%): Vertex pharmaceuticals, Bristol-Myers Squibb non-Celgene portfolio, Pfizer, Amgen, Merck, Alexion (part of AstraZeneca), CSL Behring and AstraZeneca AB non-Alexion portfolio; The challengers to the market space (<2.5%): Pharmaxis, Boehringer Ingelheim, Takeda, Biogen, Genzyme (part of Sanofi), Bayer AG and Alnylam Pharmaceuticals among others (Figure 5D). Physiological system specific company distribution of assets was analyzed and it provides the granularity of the number of interventions in correlation to the body system their targeted indications affect. A further analysis by organ system unveiled a diverse distribution of interventions. Several companies, like AbbVie, Amgen, Bristol-Myers Squibb, Janssen, Novartis, Pfizer, Roche, and Sandoz focus their efforts with a single intervention specific to the complex liver/heart/lung or the broader reproduction/lung/stomach/gut/skin systems. Similarly, companies like Amgen, Bristol-Myers Squibb, Janssen, and Sanofi hold a single intervention in the kidney/blood/gut/bone space, suggesting a more targeted approach in these areas. However, the landscape shifts when examining companies with multiple interventions within specific organ systems, where we observe a concentrated focus on those specific systems. For example, Janssen and Eli Lilly take a leading role in the lung system with two and three interventions, respectively. Similarly, Bayer AG, Recordati Rare Diseases, and Amgen (among others) hold multiple assets in the blood and liver systems, indicating a strategic investment in these critical areas. This trend highlights the variety of approaches companies carry out when developing interventions, with some opting for a broader reach and others focusing on specific organ systems with multiple offerings (Figure 5E).
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FIGURE 5
 (A) Revenue distribution among the pharmaceutical entities (in million dollars) in rare disease space. (B) Rare disease therapeutic market share distribution among the pharmaceutical entities (percentage). (C) Top 20 pharmaceutical companies having the highest number of money-making assets. (D) Market leader estimation using the corresponding correlation coefficients between the total revenue and highest grossing asset. (E) Physiological system specific company distribution of assets. (F) Scatter plot showing the competitive index for disease space targeted by the pharmaceutical players (developmental pipelines) in perspective to the total market shares (approved drugs). (G) Scatter plot showing the innovative index driven by unique MoAs targeted by the pharmaceutical players (developmental pipelines) in perspective to the total market shares (approved drugs).


We defined the competitive index of a company based on quantitative assessment of the existing competitors in the therapeutic space. If a therapeutic strategy had more than one player, it was deemed as competitive. On the other hand, if the mechanism of action of the therapeutic asset was unique to a particular company, it could indicate high innovation index. A scatter plot between the total market share of the pharmaceutical entities in rare therapeutics space and their total assets in pipeline shared by other competitors gives an estimate of the market leaders in two perspectives: Approved drugs in market and drug development in a competitive environment (Figure 5D). Janssen, Hoffmann-La Roche AG and Novartis are the leaders having the highest market shares and richest developmental pipeline in the competitive disease environment (Competitive index closer to 1). Market leaders like AbbVie have a high share of the market space but play in a lower risk environment (Competitive index close to 0.5). The upcoming players like Vertex Pharmaceuticals, Bristol Myers Squibb (including Celgene developmental portfolio), Pfizer and Alexion (part of AstraZeneca AB) have median market shares and also are a part of a highly competitive disease landscape (Competitive index closer to 1). Amgen and AstraZeneca (without Alexion portfolio) have median market percentages but target diseases which are shared to a lesser extent among the competitors (Competitive index closer to 0.5). Biogen, Bayer AG and PTC therapeutics are in a strong competitive position (Competitive index closer to 1), but have comparatively less market shares than its competitors. Entities like Genzyme (part of Sanofi), Takeda, BioMarin Pharmaceuticals, Ipsen Pharmaceuticals, Ultragenyx and Orchard therapeutics are working in therapeutic areas which can accommodate higher levels of competition (Competitive index closer to 0.5) and despite their market shares being lower, they have the opportunity to expand their market positioning (Figure 5F). Analyzing the unique mechanism of action of the interventions in the developmental pipeline targeting rare diseases, all the prominent market players like Vertex Pharmaceuticals, Hoffmann-La Roche AG, AbbVie, Takeda Novartis, Bristol-Myers Squibb (including Celgene portfolio), Amgen, Pfizer, AstraZeneca AB, Genzyme, BioMarin International have a very high innovation index (close to 1) and are distributed across the entire market share landscape (high to low). Entities like Janssen, Alexion (part of AstraZeneca AB), Biogen, PTC Therapeutics cover are distributed in the market share landscape having relatively lower innovation index (close to 0.5) (Figure 5G).



Market share landscape of disease and system specific therapeutics against rare diseases

An analysis of disease specific market share was performed taking into account the total revenues of multiple drugs against the indications. We implemented a bubble diagram to visualize the relationships which shows the top indications with the highest market share given their approved therapies: cystic fibrosis, multiple myeloma, polyarticular juvenile idiopathic arthritis, renal cell carcinoma, hemophilia A, spinal muscular atrophy and chronic lymphocytic leukemia (Figure 6A). A physiological system (single or multi system) specific market share analysis takes into account the total cash flow from interventions targeting the diseases affecting the specific systems which was represented by a radial map (Figure 6B). The top organ systems having the highest pharmaceutical assets are in multiple organs encompassing the liver, heart, lung, stomach, gut, skin and others such as the kidney, blood, bone, musculoskeletal systems, or affecting distinct systems such as reproduction, liver and heart, among others (Figure 6C). It should be noted that there might be overlap in organ system assignments. For example, both “liver/heart/lung” and “lung/liver/bone” include “lung” and “liver.” This suggests that the assets were evaluated individually in each organ system, and the distinct assignments reflect the unique combinations of effects identified in each case (Figure 6C).
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FIGURE 6
 (A) Disease specific market share analysis of approved interventions (EMA) in rare disease therapeutics space. (B) Radial map showing disease and organ specific market share analysis (Blue: Highest; Brown: Lowest) of approved rare disease therapeutics in the EMA. (C) Top disease specific organ systems targeted by EMA approved drugs in context of market shares.


According to our cumulative analysis, interventions against rare diseases approved by the EMA have a global market of around 170 billion US dollars as of the fiscal year 2022–2023. There are around 611 unique interventions that were analyzed in this study, which consists of 211 approved interventions by EMA and 400 interventions that are in developmental pipelines of 43 different pharmaceutical players. The leaders of the market are Janssen Pharmaceuticals, AbbVie, Hoffmann-La Roche AG, Bristol-Myers Squibb, Vertex Pharmaceuticals and Novartis and this estimate aligns with the 2028 estimate of the leading pharmaceutical companies worldwide by projected orphan drug sales share (24).




Discussion

People with rare diseases face significant challenges due to limited treatment options and a lack of scientific awareness, often leading to delayed diagnoses, inadequate care, and diminished quality of life. Our study reveals the existing approved and in-development pipelines of interventions in the EU pharmaceutical space. Targeted therapies, as demonstrated by the existing drug pipelines across biotech and pharma, are emerging as the most dominant approach. These therapies are precise, honing in the specific biological pathways that underlie rare diseases (25). Targeted therapies, such as enzyme replacement and gene therapy, offer more precise and potentially curative treatments for rare diseases compared to traditional medications. Enzyme replacement therapies address enzyme deficiencies (26), while gene therapy tackles the root cause of certain genetic conditions by introducing healthy genes (27). This shift toward precision medicine represents a significant leap forward in the treatment of rare diseases (28).

Our analysis reveals a diverse commercial landscape in the rare disease drug development space. While companies like Rocket Pharmaceuticals and Sio Gene Therapies exhibit high innovation but face low competition, established players like Bayer AG, Janssen, Biogen, Hoffmann-La Roche AG operate in more competitive environments, highlighted by assets sharing common mechanisms of action. On the other hand, AbbVie, Amgen and AstraZeneca demonstrate a more balanced approach. Biotech entities pioneering unique MoAs or targeting novel disease areas are highly attractive from M&A perspective, emphasizing the importance of both innovation and competitive positioning in this dynamic market. Our study indicates a significant increase in EMA-approved drugs for rare diseases, with both ODD-designated and non-ODD-designated therapies (17). Targeted therapies dominate both categories, while enzyme replacement therapies and other modalities are also prevalent. These findings underscore the growing importance of both ODD and non-ODD approaches in addressing the diverse needs of patients with rare diseases. The ODD drugs form a more distinct network of interactions with their target proteins, suggesting they likely target unique biological pathways. This highlights the cutting-edge nature of ODD drugs –to discover “best-in-class” or “first-in-class” therapies. The concept of a drug-protein network provides a compelling way to visualize the intricate interactions between medications and the protein targets. The stronger the interaction between a drug and a protein, the thicker the connecting line (23). The connection strength is dependent on the confidence or relevance of the reported interaction. STITCH generates a network by integrating interactions from diverse sources, including text mining and PubChem. A confidence score is assigned to each chemical-protein pair, quantifying the likelihood of the interaction based on the underlying evidence (29). In the case of ODD drugs, these networks appear more discrete, showcasing their unique mechanisms while for non-ODD drugs, the network is denser and more connected, reflecting the life cycle management (LCM) and drug repositioning opportunities (20).

While scientific innovation holds the key to unlocking new treatment options, the commercial landscape plays a critical role in ensuring these therapies reach the patients who need them the most. This study delves deeper into the market share percentages, revealing the pharmaceutical companies who are leading the generated revenue. Companies like Janssen, Roche, AbbVie, Bristol-Myers Squibb and Novartis are at the forefront, demonstrating their market reach and commercial ability in addressing rare disease research and development. It is evident from the analysis of the rare disease therapeutics market that the dynamic landscape is dominated by a few key players, including Janssen, Hoffmann-La Roche, and AbbVie. While market share is crucial, the analysis highlights the importance of a diversified drug portfolio, with a focus on both high-market-share indications and innovative approaches. Companies like Vertex and Bristol-Myers Squibb are navigating a balance between market leadership and a competitive development environment, as evidenced by their presence in both high-market-share segments and competitive disease landscapes. Bayer AG is a new entrant in this market space focusing on drug pipeline expansion of therapeutic portfolio. The analysis also highlights the strategic importance of organ system focus. Some biopharmaceutical companies, like Janssen and Eli Lilly, prioritize specific systems, such as the lung, while others maintain a broader approach involving multiple systems in their developmental pipeline. An example for a broad approach, according to our analysis is Amgen, which focuses on blood and liver systems. This suggests that pharmaceutical companies often opt for a tailored strategy, balancing both market potential and internal strengths in rare disease drug development. Furthermore, the analysis emphasizes that the Biopharmaceutical companies with high innovation index, driven by unique mechanisms of action, are well-positioned for future growth, regardless of their current market share. This is evident in the analysis of biopharmaceutical companies like Vertex and Hoffmann-La Roche AG, which demonstrate strong presence across the market share landscape while maintaining high innovation indices. Indeed, the innovation index proposed here only relies on unique mechanisms of action of assets exclusive to the pharmaceutical company (i.e., the mechanisms of action is not observed to repeat across other companies), but this highlights the need for continued investment in research and development to discover novel therapies and expand the treatment options available for patients with rare diseases. The increasing number of players also suggests a growing awareness of the importance of this field. New developmental possibilities lie in precision medicine (30), where targeted therapies are even more granulated (31), with the vision of tailoring therapies to the unique genetic fingerprint of each patient or patient groups (32). Additionally, gene therapy advancements with technologies such as CRISPR (33–35), AAV-mediated therapies (36–38), and antisense oligonucleotide approaches (39, 40) offer the potential for disease-rectifying cures through precise genetic code editing. As described in this study, we can identify hidden patterns and connections, accelerate drug discovery and improve our understanding of rare diseases by harnessing the power of big data analytics (41). Collaborative efforts between different stakeholders are crucial to bridge the gap in rare disease research. Philanthropic funding plays a vital role in supporting this progress and ensuring that everyone has equitable access. Foundations dedicated to rare diseases (42–44) and private philanthropists (45) try to address the gap between the available therapies and the small market size associated with rare diseases.

Patient associations play a crucial role in raising awareness about rare diseases (46, 47), advocating for patient needs, and driving research and funding initiatives. By educating the public and policymakers, they help address the high unmet needs associated with these conditions and accelerate the development of new treatments (48). Patient associations facilitate clinical trials for rare diseases by connecting researchers with specific patient populations (49, 50).

Our work provides a comprehensive framework to assess competitive landscape to identify potential partnerships, licensing opportunities, or areas where differentiation is possible. It also provides strategic insights to guide investment decisions and resource allocation, clinical trial design and optimization, reimbursement landscapes, and regulatory hurdles to optimize commercialization strategies. This study has two potential limitations. First, as it is an EU perspective of the rare disease therapeutics landscape, it includes only the EMA approved drugs and not the FDA approvals. However, the expanded intervention landscape will be studied in the future. Second, some approved interventions have multifaceted disease targets, both rare and non-rare. This might have led to some overlapping market shares from non-rare diseases being incorporated in the total market size estimation for the EMA approved rare disease therapeutics.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

EC: Data curation, Formal analysis, Investigation, Methodology, Writing – original draft. NL: Formal analysis, Software, Visualization, Writing – review & editing. DM: Software, Validation, Visualization, Writing – review & editing. MS: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Supervision, Validation, Writing – original draft, Writing – review & editing. SS: Conceptualization, Project administration, Resources, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

EC, NL, DM, MS and SS were employed by company Medinsights SAS.



Generative AI statement

The authors declare that no Generative AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2025.1520467/full#supplementary-material


SUPPLEMENTARY FIGURE S1 | Pipeline of assets in leading pharmaceutical companies such as Amgen, Novartis, Roche, Pfizer, and IPSEN.



SUPPLEMENTARY FIGURE S2 | Pipeline of assets in leading pharmaceutical companies such as Biogen, AstraZeneca/ Alexion, AbbVie, Takeda, and Janssen.



SUPPLEMENTARY TABLE S1 | List of data sources used in the report.



SUPPLEMENTARY TABLE S2 | Distribution of pharmaceutical players and biotech across the world.



SUPPLEMENTARY TABLE S3 | List of drugs and interventions analyzed in the present study.



SUPPLEMENTARY TABLE S4 | List of drugs, MoA and linked pharmaceutical companies.



SUPPLEMENTARY TABLE S5 | Landscape of rare disease therapeutics having non-orphan drug designation.



SUPPLEMENTARY TABLE S6 | Landscape of rare disease therapeutics having orphan drug designation.



SUPPLEMENTARY TABLE S7 | List of developmental pipelines across pharma companies with the largest market shares in rare diseases.




References

 1. The Lancet Global Health. The landscape for rare diseases in 2024. Lancet Glob Health. (2024) 12:e341. doi: 10.1016/S2214-109X(24)00056-1 

 2. Pollard, S, Weymann, D, Dunne, J, Mayanloo, F, Buckell, J, Buchanan, J , et al. Toward the diagnosis of rare childhood genetic diseases: what do parents value most? Eur J Hum Genet. (2021) 29:1491–501. doi: 10.1038/s41431-021-00882-1 

 3. Rare Diseases—European Commission. (n.d.). Available at: https://health.ec.europa.eu/rare-diseases-and-european-reference-networks/rare-diseases_en (Accessed July 21, 2024).

 4. What is a rare disease? (n.d.). EURORDIS. Available at: https://www.eurordis.org/information-support/what-is-a-rare-disease/ (Accessed July 21, 2024).

 5. UN resolution on persons living with a rare disease and their families. (n.d.). Available at: https://www.rarediseasesinternational.org/wp-content/uploads/2022/01/Final-UN-Text-UN-Resolution-on-Persons-Living-with-a-Rare-Disease-and-their-Families.pdf (Accessed July 21, 2024).

 6. Brlek, P, Bulić, L, Bračić, M, Projić, P, Škaro, V, Shah, N , et al. Implementing whole genome sequencing (WGS) in clinical practice: advantages, challenges, and future perspectives. Cells. (2024) 13:504. doi: 10.3390/cells13060504 

 7. Vockley, J, Aartsma-Rus, A, Cohen, JL, Cowsert, LM, Howell, RR, Yu, TW , et al. Whole-genome sequencing holds the key to the success of gene-targeted therapies. Am J Med Genet C: Semin Med Genet. (2023) 193:19–29. doi: 10.1002/ajmg.c.32017 

 8. Yang, X-A, Hao, H, and Liao, C. Editorial: next generation sequencing (NGS) for rare diseases diagnosis - volume II. Front Genet. (2023) 14:1249585. doi: 10.3389/fgene.2023.1249585 

 9. Ibañez, K, Polke, J, Hagelstrom, RT, Dolzhenko, E, Pasko, D, Thomas, ERA , et al. Whole genome sequencing for the diagnosis of neurological repeat expansion disorders in the UK: a retrospective diagnostic accuracy and prospective clinical validation study. Lancet Neurol. (2022) 21:234–45. doi: 10.1016/S1474-4422(21)00462-2 

 10. Lunke, S, Bouffler, SE, Patel, CV, Sandaradura, SA, Wilson, M, Pinner, J , et al. Integrated multi-omics for rapid rare disease diagnosis on a national scale. Nat Med. (2023) 29:1681–91. doi: 10.1038/s41591-023-02401-9 

 11. Orphan drug Act 1983. (n.d.). Available at: https://www.govinfo.gov/content/pkg/STATUTE-96/pdf/STATUTE-96-Pg2049.pdf (Accessed July 21, 2024).

 12. World’s most expensive drug is now $4.25 million gene therapy. (2024). Bloomberg.Com. Available at: https://www.bloomberg.com/news/articles/2024-03-20/world-s-most-expensive-drug-is-now-4-25-million-gene-therapy (Accessed June 15, 2024).

 13. Cohen, J. (n.d) Despite eye-popping $3.5 million Price tag for gene therapy Hemgenix, budget impact for Most payers will be relatively small. Forbes. Available at: https://www.forbes.com/sites/joshuacohen/2022/12/02/despite-eye-popping-35-million-price-tag-for-gene-therapy-hemgenix-budget-impact-for-most-payers-will-be-relatively-small/ (Accessed July 21, 2024).

 14. The most expensive drug in the US is a rare-disease game changer—bloomberg. (n.d.). Available at: https://www.bloomberg.com/news/newsletters/2022-08-24/the-most-expensive-drug-in-the-us-is-a-rare-disease-game-changer (Accessed July 21, 2024).

 15. Brandt, M, Johannsen, L, Inhestern, L, and Bergelt, C. Parents as informal caregivers of children and adolescents with spinal muscular atrophy: a systematic review of quantitative and qualitative data on the psychosocial situation, caregiver burden, and family needs. Orphanet J Rare Dis. (2022) 17:274. doi: 10.1186/s13023-022-02407-5 

 16. Parliament adopts its position on EU pharmaceutical reform | News | European Parliament. (2024). Available at: https://www.europarl.europa.eu/news/en/press-room/20240408IPR20308/parliament-adopts-its-position-on-eu-pharmaceutical-reform (Accessed June 15, 2024).

 17. Orphan Designation: Overview|European Medicines Agency. (n.d.). Available at: https://www.ema.europa.eu/en/human-regulatory-overview/orphan-designation-overview (Accessed July 21, 2024).

 18. Papaioannou, I, Owen, JS, and Yáñez-Muñoz, RJ. Clinical applications of gene therapy for rare diseases: a review. Int J Exp Pathol. (2023) 104:154–76. doi: 10.1111/iep.12478 

 19. Amaral, MD. Precision medicine for rare diseases: the times they are A-Changin. Curr Opin Pharmacol. (2022) 63:102201. doi: 10.1016/j.coph.2022.102201 

 20. Roessler, HI, Knoers, NVAM, Van Haelst, MM, and Van Haaften, G. Drug repurposing for rare diseases. Trends Pharmacol Sci. (2021) 42:255–67. doi: 10.1016/j.tips.2021.01.003 

 21. Raycheva, R, Kostadinov, K, Mitova, E, Iskrov, G, Stefanov, G, Vakevainen, M , et al. Landscape analysis of available European data sources amenable for machine learning and recommendations on usability for rare diseases screening. Orphanet J Rare Dis. (2024) 19:147. doi: 10.1186/s13023-024-03162-5 

 22. Palomo, GM, Pose-Boirazian, T, Naumann-Winter, F, Costa, E, Duarte, DM, Kalland, ME , et al. The European landscape for gene therapies in orphan diseases: 6-year experience with the EMA Committee for orphan medicinal products. Mol Ther. (2023) 31:3414–23. doi: 10.1016/j.ymthe.2023.09.020 

 23. Kuhn, M, Szklarczyk, D, Franceschini, A, Campillos, M, Von Mering, C, Jensen, LJ , et al. STITCH 2: an interaction network database for small molecules and proteins. Nucleic Acids Res. (2010) 38:D552–6. doi: 10.1093/nar/gkp937 

 24. Sales share from orphan drug by top companies 2028 forecast. (n.d.). Statista. Available at: https://www.statista.com/statistics/373373/top-companies-based-on-global-orphan-drug-sales-share/ (Accessed July 21, 2024).

 25. Ehrhart, F, Willighagen, EL, Kutmon, M, Van Hoften, M, Curfs, LMG, and Evelo, CT. A resource to explore the discovery of rare diseases and their causative genes. Sci Data. (2021) 8:124. doi: 10.1038/s41597-021-00905-y 

 26. Marchetti, M, Faggiano, S, and Mozzarelli, A. Enzyme replacement therapy for genetic disorders associated with enzyme deficiency. Curr Med Chem. (2022) 29:489–525. doi: 10.2174/0929867328666210526144654 

 27. Gene therapy for rare diseases. Nat Genet. (1999) 22:313–4. doi: 10.1038/11875 

 28. Might, M, and Crouse, AB. Why rare disease needs precision medicine—and precision medicine needs rare disease. Cell Rep Med. (2022) 3:100530. doi: 10.1016/j.xcrm.2022.100530 

 29. Kuhn, M, von Mering, C, Campillos, M, Jensen, LJ, and Bork, P. STITCH: interaction networks of chemicals and proteins. Nucleic Acids Res. (2008) 36:D684–8. doi: 10.1093/nar/gkm795 

 30. Villalón-García, I, Álvarez-Córdoba, M, Suárez-Rivero, JM, Povea-Cabello, S, Talaverón-Rey, M, Suárez-Carrillo, A , et al. Precision medicine in rare diseases. Diseases. (2020) 8:42. doi: 10.3390/diseases8040042 

 31. Swain, SM, Shastry, M, and Hamilton, E. Targeting HER2-positive breast cancer: advances and future directions. Nat Rev Drug Discov. (2023) 22:101–26. doi: 10.1038/s41573-022-00579-0 

 32. Goetz, LH, and Schork, NJ. Personalized medicine: motivation, challenges, and progress. Fertil Steril. (2018) 109:952–63. doi: 10.1016/j.fertnstert.2018.05.006 

 33. Chavez, M, Chen, X, Finn, PB, and Qi, LS. Advances in CRISPR therapeutics. Nat Rev Nephrol. (2023) 19:9–22. doi: 10.1038/s41581-022-00636-2 

 34. Li, Q, Gao, Y, and Wang, H. CRISPR-based tools for fighting rare diseases. Life. (2022) 12:1968. doi: 10.3390/life12121968 

 35. Papasavva, P, Kleanthous, M, and Lederer, CW. Rare opportunities: CRISPR/Cas-based therapy development for rare genetic diseases. Mol Diagn Ther. (2019) 23:201–22. doi: 10.1007/s40291-019-00392-3 

 36. Au, HKE, Isalan, M, and Mielcarek, M. Gene therapy advances: a Meta-analysis of AAV usage in clinical settings. Front Med. (2022) 8:809118. doi: 10.3389/fmed.2021.809118 

 37. Hastie, E, and Samulski, RJ. Recombinant adeno-associated virus vectors in the treatment of rare diseases. Expert Opin Orphan Drugs. (2015) 3:675–89. doi: 10.1517/21678707.2015.1039511 

 38. Lin, C, Greenblatt, MB, Gao, G, and Shim, J-H. Development of AAV-mediated gene therapy approaches to treat skeletal diseases. Hum Gene Ther. (2024) 35:317–28. doi: 10.1089/hum.2024.022 

 39. Chen, X, Birey, F, Li, M-Y, Revah, O, Levy, R, Thete, MV , et al. Antisense oligonucleotide therapeutic approach for Timothy syndrome. Nature. (2024) 628:818–25. doi: 10.1038/s41586-024-07310-6 

 40. Lauffer, MC, Van Roon-Mom, W, and Aartsma-Rus, A, N = 1 Collaborative. Possibilities and limitations of antisense oligonucleotide therapies for the treatment of monogenic disorders. Commun Med. (2024) 4:6. doi: 10.1038/s43856-023-00419-1 

 41. Wojtara, M, Rana, E, Rahman, T, Khanna, P, and Singh, H. Artificial intelligence in rare disease diagnosis and treatment. Clin Transl Sci. (2023) 16:2106–11. doi: 10.1111/cts.13619 

 42. Financial Support. (n.d.). Every life Foundation for Rare Diseases. Available at: https://everylifefoundation.org/financial-support/ (Accessed July 21, 2024).

 43. Home|BLACKSWAN Foundation (n.d.). Available at: https://www.blackswanfoundation.ch/en/ (Accessed July 21, 2024)

 44. Rare Diseases International. (2024). Rare diseases international. Available at: https://www.rarediseasesinternational.org/ (Accessed June 15, 2024).

 45. Philanthropy in Europe April 2015.pdf. (n.d.). Available at: https://www.fondationdefrance.org/images/pdf/Philanthropy_in_Europe_april_2015.pdf (Accessed July 21, 2024).

 46. European Patient Advocacy Groups (ePAGs). (n.d.). EURORDIS. Available at: https://www.eurordis.org/our-priorities/european-reference-networks/epag/ (Accessed July 21, 2024).

 47. National Organization for Rare Disorders|NORD. (2022). Available at: https://rarediseases.org/

 48. Gentilini, A, and Miraldo, M. The role of patient organisations in research and development: evidence from rare diseases. Soc Sci Med. (2023) 338:116332. doi: 10.1016/j.socscimed.2023.116332 

 49. Lopes-Júnior, LC, Ferraz, VEF, Lima, RAG, Schuab, SIPC, Pessanha, RM, Luz, GS , et al. Health policies for rare disease patients: a scoping review. Int J Environ Res Public Health. (2022) 19:15174. doi: 10.3390/ijerph192215174 

 50. Roennow, A, Sauvé, M, Welling, J, Riggs, RJ, Kennedy, AT, Galetti, I , et al. Collaboration between patient organisations and a clinical research sponsor in a rare disease condition: learnings from a community advisory board and best practice for future collaborations. BMJ Open. (2020) 10:e039473. doi: 10.1136/bmjopen-2020-039473 



Appendix

Appendix 1 Landscape of rare disease therapeutics having orphan drug designation.

Appendix 2 Landscape of rare disease therapeutics having non-orphan drug designation.

Appendix 3 List of drugs in development by companies and segregated by indications and MoA.

Appendix 4 Revenue and market share landscape for the interventions analyzed.


Copyright
 © 2025 Cacoub, Lefebvre, Milunov, Sarkar and Saha. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-13-1520467-g005.jpg
Market share

Revenue (in milion Euros) Top 20 entites by
ol Market share percent number of assets
A8 10381 ansson Amgen
e 960Rocho Novarts
Novera 508000
el oot 683 Cogens Roche
3 651 Novars Prizor
e 555 Vo Phamaceuticals
Nosion (hsazonaca Seneiwetant, e
ESamang 439 Genzyme
e e n
Booninger ingorn: . 418 Aosion (AsiaZeneca) Merck
e = 325CSLatng Recordati Rare Diseases
B 315 Asvazenoca g
2 242 Phamars o
S 216 Gonaymo Sandoz
= Takeda
= Bristol-Myers Squibh
= Aexion (AstraZeneca AB )
BayerAG
Biogen
St Behing
EiiLily
Vertex Phamaceuticals
AvbVie
Alnylam.
0 000 20000
Revenue (in million Euros)
E System specific company distribution of assets
#drugs #drugs
12%
Liver hoat ung Kidney f—;
Aove T
© darsan mgon [ 1
BristokMyors S 1 o yors Squth '
Maiket Loadrs sansaen I 1 ChesiFamecautasoh | 1
ORom Novarts o 1
O Praar o i
Rocne [ '
Sondoz B 1
Reproduction’ Lung/ Stomach! Gut Skin i
Amgon p— '
Chios Farmacoutei Sph. 2 2
= Ocime GionsScanes e
S y Pramars h
s 6% Vortx Prarmacoutcais .
M [IT—— Kidney! Blood! Gut/ Bane .
[r— N 1
s = .,5‘3 e Up coming major o yers Sk 1
& ek players sansson '
8 Amien Quenon parazerec) 4 St averts roupe i
peeia Toiada 2 Lver
C& *; Lung F ‘Abireo (now IPSEN)
— 25% 1) |
75068200 gger oot oshem B3 e '
ooy 1 ey '
iy
2 EUsAPrarma '
lengers 1 Geontum SRL |
- Challenger ! 5 :
TMspoics 1 inmadca Pharma A8 '
1 ipsan Pharma '
Rovenue from highest selling asset MYR G '
Rocordas Rare Diseases B 2
12: 12
@ donssen @ Jonssan
oo o Rocro
ot ey
-
5
@ Novarts. = @ Novarts.
6 3 &
o Vo K] o Vorox
@ Bistyors St 5 @ BrioHyrs Sauk
3 ohoin  OPE 2 oMo ©PaE0 Angen
@ Asiazeneca @ Astazanoca
Genzyme Sanct) Takaca
@ Taioda Bogen @8ogn 6™ @ Gonaymo (sarot)
o Bioharn Pharmacoutcal
@ Bayer 8oy
Ipsen neageny
o Uragenye ¢ Orchrd Theraputcs g PTC torapoctcs 5 PC toapotis g eoben
00 05 10 00 05 10

Pipeline in diseases with competitors

Cc

Pipeline with unique MoA





OPS/images/fpubh-13-1520467-g006.jpg
A Market share of rare diseases

C.
. willre

B

g 6 Polyarticul le idiopathic

4

£

i Renal cel carcinoma

3

R -
s Ghvonic ymphocytc leukaemia

PM.W arterial hypertension
o ® 9

0%

Enthesits-related arthritis
@  idiopathic Pumonary Fibrosis
®  Non-infectious intermediate, posterior & panuveits
®  Chronic immune (diopathic) thrombocytopenic purpura/ acquired severe aplasiic anaemia
®  Non-infectious anterior uveiti
@  Philadelphia chromosome-positive chronic myelogenous leukaemia
©  Transthyretin amyloidosis
©  Paroxysmal noctumal haemoglobinuria
© Acute lymphoblastic leukaemia
Squamous cell cancer of the head and neck
Mantle cell lymphoma
@ Adenocarcinoma of the stomach or astroesophageal junction
Hepatocellular carcinoma
® Below1%

B Market share of rare diseases
by organ and diseases (in %)

C Systems

Liver/ heart/ lung

Reproduction/ Lung/
Stomach/ Gut/ Skin

Kidney/ Blood/ Gut Bone
Lung

Kidney

Blood

Musculoskeletal

Lung/ Liver/ bone:

Blood/ bone

Lung/ Liver/ bone/ kidney
Kidney/ Blood/ Gut Bone iver
Reproduction

Liver

Heart

0 10
Market shares total

20






OPS/images/fpubh-13-1520467-g003.jpg
A Indications shared by ODD and C =
non ODD drugs approved by the 3
EMA S
non ODD. g
a1
H
Zw
25
5
2

Number of drugs approved by the EMA:
Including Non-ODD

YA

Multple myeioma
‘Acute lymphablasic levkaemia
‘Acute myeoid loukaemia

Type 1 Gaucher disease.
Pumonary arterial hyperension
Igopattic Pulmonary Fibrosis
Herediary angioodoma
Adrenal insuffiiency

Chonc ooyt kol

= NoODD
= oo

Nephropathic cystnosis
Fabry disease.

Number of drugs approved

oy 2 I P B
SEESEIIIITIITINI

2.0 Do
SR
S
Year

Number of drugs approved by the EMA:

Including ODD

-~/

4

Cystc fbrosis:
Haemophila 8

s
Hereditary angioedema"**
Endogenous Cushing’s syndrdiiie

Spinal Muscular Atrophy

Agute myeloid leukaemia
Total number of » Acute myeloid leukaemia
drugs = 130 L

Drugs approved by the EMA having ODD status
F

Multiplé myeloma
Cystic fibrosis

T

T T
& IO R R S >
FELL S S

Year

G Top 20 entities

1PSEN Phama:
Genzyme (Sanot)
Blusbin -
BayorAG
Amgen-
Akcea Therapoutics-
Advancad Accolrator Appscatons:
Vortox Phamaceutecas-
Takada Pharma A'S-
o H o

Numbor of crugs

Drugs approved by the EMA having non-ODD status

Herediary angioadema
Myelodyspiastc syndromes.

Cystic fibrosis
Acute lymphobiastic leukaemia
Severe congental,cycic, of Kiopalhic neutropenia

Multi
Hae

‘Acule promyelocytic leukaemia
Renal cell cafcinoma
Foliicular lymphoma
Type 1 Gaucher discase
‘Haemophilia B

Wison's disease

Total number of
drugs = 268

Pleural mesothelioma
ple myeloma
mophilia A

o Top 20 entities.

Amgen-
Shie (Takeda)

Sanot

Novo Nordisk A1

L Bovig:

Caigone (BMS)-
BistotMyors S
Baxata Inovatons GbH.
RecordatRare Diseases-
MYLANSAS

Eism Gbh

Bayer AG

Gonzyme (Sanof)-

Roche Regitaton GmbH-
sanssen-Ciag ltormational
Acsord Heathcar:
‘Sandoz GmbH-

Novars:

Morck & MSD-

P

o )
Number of drugs.

;





OPS/images/fpubh-13-1520467-g004.jpg
A B

Chemical network represented by ODD drugs: drug drug interactions Top 30 MoAs represented by the
(red) and drug protein interactions (green) ODD drugs
Anti von Willebrand factor (WYF) antibody-
Anti plasma Kallkrein antibody-
Anti PA (B. anthracis toxin) antibody-
Anti GD2 antibody-
Anti FGF23 antibody-
Anti CD33 antibody,
Anti CD22 antibody, C:
Anti CD19/ CD3 antibody-
Anti CCR4 antibody-
5 antibody-
Anti BCMA antibody, MMAE-
AntP-selectin antibody-
ANtCD79b antibody-
AntiCD38 antibody-
ANCD30 antibody, MMAE
ANtiCD20 antibody
ALAST inhibitor-
AAVV mediated RPEGS gene transfer
AAVS mediated SMN gene-
AAV mediated SERPINAT gene
5-HT2 receptor agonist, o1 receptor inhbiltor-
308 ribosomal protein S12 inhibitor-
165 IRNA/ 238 rRNA inhibitor-
TGF-B inhibitor-
FXR activator-
Cystine inhibitor-
Anti IL-6 antibody-
Anti CD19 antibody-
Transthyretin (TTR) inhibitor-
CFTR activator-
c D Number of drugs
Chemical network represented by non-ODD drugs: drug drug Top 30 MoAs represented by the
interactions (red) and drug protein interactions (green) non-ODD drugs

ron inhibitor-

Glucocorticoid receptor activator-

ET-1 inhibitor-

Dual endothelin receptor inhibtor

DNA (cytosine-5)-methyltransferase 1 inhibitor-
Cytochrome P450 51 inhibitor-

Copper ions inhibitor-

BCR-ABLIsrc inhibitor-

BCR-ABL tyrosine kinase inhibitor-

Anti C5 antibody-

Adenosine receptors inhibitor-

TNF-a inhibitor

Recombinant human FSH-

Recombinant human EPO-R activator-
Recombinant human coagulation factor X activator-
Hydroxyphenylpyruvate dioxygenase inhibitor-
Anti PD-1 antibody

PML/ RAR-alpha inhibitor-

‘Glucosylceramide synthase inhibitor-

Vaccine:

Recombinant human clotting factor VIl
Proteasome subunit beta type 1/5 inhibitor-
Vig inhibitor-

TNFL superfamily member 11 inhibitor-

DNA alkylating agent-

G-CSF activator-

Folate antimetabolites

‘Anti CD20 antibody-

Anti VEGF antibody-

Anti TNF antibody-

Nurmer of drugr






OPS/images/fpubh-13-1520467-t001.jpg
Criteria Numbers

Number of rare diseases stu 295
Total number of unique drugs identified in rare diseases 611
Approved therapies by EMA (till 2021) an

Early clinical (including Early Phase 1, Phase 1 and 2) 200
Total number of therapies in development (in development pipelines)

Late clinical (including Phase 3 and onwards) 200
Number of unique mechanisms of actions identified * 283
Total number of pharmaceutical companies )
Number of specific targets of approved therapeutic interventions 400
Number of drugs approved by EMA with ODD status 140
Number of drugs approved by EMA with non-ODD status 268

“These numbers are not presented in the main text, and are calculated from Supplementary information.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Quantifying hope: an EU perspective of rare disease therapeutic space and market dynamics



		Introduction



		Methods



		Data sources



		Systematic analysis using publicly available pipeline details and financial reports



		Identification of interactions between indications and companies



		Drug-protein interaction network



		Visualizations









		Results



		Global map of pharmaceutical players, therapy areas of interventions and their corresponding mechanisms of action



		Global distribution of EMA approved drugs (until 2021) with and without ODD status against rare indications having market shares



		Chemical network and mechanism of action driven landscape analysis of approved drugs against rare indications with and without ODD designation



		Market share landscape of therapeutic space against rare diseases with and without ODD status



		Market share landscape of disease and system specific therapeutics against rare diseases









		Discussion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		References



		Appendix



















OPS/images/fpubh-13-1520467-g001.jpg
Total=176

Finland
Ioeland
Luxembourg

Germany
Netheriands

-
=
-
=
3 Sweden
=
=
-
=
B3 United States





OPS/images/fpubh-13-1520467-g002.jpg
Parent
company

E

Total = 638

=
=]
H
s
3

Collaboration
company

gpoapuooooooompOooRRgENOnNEne

0.16% Antibacterial
016% Artvoic

016% Gactr deved sy

0164 Peptdo rocoptorradoncida harapy
016% Piasa drved sy

016% Unscosed

016% CRISPRICas9 gon dod Boracy
031% Gonatcaty modfrd ca erapy
016% Poya

031% Popado verapy

016% Nutient supiomant

0315 vaczne

016% Porone daved barapy

083% Anive

0475 Enzyme supplementaton thrasy
(063% Lgand conpgatd s sense RIA herapy
094% Chamatnarspy

110% ot hragy

110% sRNA

200 CAR T caorapy

345, Arsensa RNA sy

74% Gona harapy

439% Continton berspy

10.05% Enzyma rplacomontborapy
599% Tapeed sy

D

Roche-
Takoda:

Abbvie

Biogen

Affnia Therapoutics
‘Saropta Theraputis:
PTC therapoutics
lonis Pharmaceuticals
Astrazeneca

Spark Therapeutics:
PTC Therapeutics,
‘SMA Foundation

LogicBio therapeutics:
Donal Therapoutcs

B BTk inhibitor
CFTR actator
Transthyet (TTR) nhior
Rocontinant haman cting aco Vil
ONA abyatng agont
BOMAlargetod CAR T cols
At P01 aniody
Tz nor
Aoy 11PN rceptor)antocy
AruCD20 oy
U acttor
UBEAATS b
Oroxin 2R acvator
Cysina mnisor
k2 ianbor
T —,
A C5 oy
Von Wibeand factrscator
VEGFR innttor
Tombopetn rocoporactator
TGF.5 bt

oz 4 & &5 D

Numbers

F

Rocket Pharmaceuticals:
Sio Gene Therapies

Spero Therapeutics
SpiiceBio:

Travere Therapeutics
Ipsen-

Ultragenyx Pharmaceutical
Beam Therapeuics-
BioMarin Pharmaceutical
Denali Therapeutics

Evox Therapeutics
Horizon Therapeutics

o 5 10 1

Collaborators LogicBio therapeutics-

i Orchard Therapeutics

Disease .::gm e
space ame

Astrazenoca.

Genzyme (Sanofi)
Abbvie:

Amgen-

Takeda-

Alexion

Affnia Therapeutics
lonis Pharmaceuticals:
Bristol-Myers Squibb-
Novartis-

Vertex

Roche

Apellis

Janssen

Pizer

Biogen:

PTC therapeutics.
Sumitomo Pharma
Alchemab Therapeutics
Bayer

Sarepta Therapeutics:

1.0

0.8

0.6

0.4

0.2





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Quantifying hope: an EU
perspective of rare disease
therapeutic space and market
dynamics












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Public Health






