
Article Not peer-reviewed version

A Decade of Innovation: Medicinal

Products with New Active Substances

Centrally Authorized Within EU Between

2011 and 2020

Robert Ancuceanu , Doina Drăgănescu * , Beatrice Elena Lascu , Mihaela Dinu

Posted Date: 21 January 2026

doi: 10.20944/preprints202601.1582.v1

Keywords: pharmaceutical innovation; innovation metrics; EMA; first-in-class; advance-in-class; addition-to-

class; marketing authorizations

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/134702
https://sciprofiles.com/profile/2746576
https://sciprofiles.com/profile/3395844
https://sciprofiles.com/profile/767832
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 

 

Article 

A Decade of Innovation: Medicinal Products with 

New Active Substances Centrally Authorized Within 

EU Between 2011 and 2020 

Robert Ancuceanu 1, Doina Drăgănescu 2,*, Beatrice Elena Lascu 1 and Mihaela Dinu 1 

1 Faculty of Pharmacy, Department of Pharmaceutical Botany and Cell Biology, Carol Davila University of 

Medicine and Pharmacy, 050474 București, Romania 

2 Faculty of Pharmacy, Department of Pharmaceutical Physics and Informatics, Carol Davila University of 

Medicine and Pharmacy, 050474 București, Romania 

* Correspondence: doina.draganescu@umfcd.ro 

Abstract 

Background: Pharmaceutical innovation plays a vital role in advancing global health. This study 

evaluates the landscape of pharmaceutical innovation in the European Union (EU) over the 2011-2020 

decade. Methods: A retrospective analysis was performed on new medicinal products containing 

new active substances (NAS) authorized between 2011 and 2020 through the centralized procedure. 

Products were categorized in first-in-class, advance-in-class, and addition-to-class. Trends in 

therapeutic areas (ATC codes), orphan designation, technology platforms etc), administration routes, 

and dosage forms were analyzed. Results: Across the decade, 357 new medicinal products received 

authorization. Of these, 56% were designated as first in class and 28% as advance in class, indicating 

that 84% of new products contributed substantive therapeutic innovation. Small molecules remained 

the predominant technology (63.5%), yet the decade also witnessed a pronounced expansion in 

monoclonal antibodies and the introduction of cell and gene therapies (Advanced Therapy Medicinal 

Products, ATMPs). The increased use of subcutaneous delivery systems, particularly for monoclonal 

antibodies, suggests a broader move toward patient centered administration routes. Conclusion: 

Between 2011 and 2020, pharmaceutical innovation in the EU was distinguished by a high rate of 

breakthrough innovation and a transition to more sophisticated biologic therapies. EU could boost 

innovation further by refining expedited approval pathways (e.g., PRIME). 

Keywords: pharmaceutical innovation; innovation metrics; EMA; first-in-class; advance-in-class; 

addition-to-class; marketing authorizations 

 

1. Introduction 

Pharmaceutical innovation plays a key role in enhancing population health outcomes by 

extending life expectancy, improving quality of life, expanding the range of available treatments, 

reducing costs, and elevating the overall efficiency of healthcare systems [1]. Pharmaceutical 

innovation plays a partial yet meaningful role in shaping population health over the long term. In 

the health of pharmaceutical companies is more directly tied to their ability to bring new drugs to 

market [2]. 

Multiple definitions of innovation have been advanced across time, with different focal points, 

extents, and perspectives. For instance, in a somewhat classical definition, “innovation consists of the 

generation of a new idea and its implementation into a new product, process or service, leading to 

the dynamic growth of the national economy and the increase of employment as well as to a creation 

of pure profit for the innovative business enterprise.”[3] Such a definition is useful from an economic 

perspective, but not optimal from a scientific or medical standpoint. For patients and healthcare 

professionals it is likely that development of a new product fulfilling a therapeutic need is much more 
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relevant than causing a “dynamic growth of the national economy”, because “pharmaceutical 

products have no intrinsic value to patients or to society; rather, their value lies in the health outcomes 

they generate” [4]. It has therefore been argued that neither novelty alone, nor effectiveness on its 

own are sufficient to define pharmaceutical innovation, and combining the two does not necessarily 

result in defining it [4]. We move beyond this limited perspective, as it is broadly recognized that 

impactful innovation often stems from numerous small advancements. For example, Orville Wright’s 

initial 37-meter (120 feet) flight in a heavier-than-air machine [5] paved the way, through many 

incremental improvements, for routine transatlantic flights today. The journey to modern high-

fidelity sound began with the Edison phonograph, a basic device whose initial recordings were 

dismal (with much background noise) and very short-lived; it was only through a series of gradual, 

cumulative enhancements that today’s sophisticated instruments were achieved. The first human 

kidney transplant was performed by Dr. Yurii Voronoy in Ukraine on April 3, 1933, with the patient 

surviving for just 2 days; similar pioneering attempts in Boston, Chicago, and Paris also ended in 

failure [6]. By incremental advances, though, this failed innovation made solid organ transplantation 

as we know it possible. Successful innovation is preferable, but innovation, even when failing, is still 

preferable to the status quo; and this should be equally applicable for pharmaceutical innovation. An 

ineffective drug won’t clear regulatory hurdles, but its innovative features could be enhanced to 

develop new products that achieve regulatory approval. 

Back in 2005, there was a common view that the pharmaceutical sector had little motivation to 

pursue real innovation, as the majority of newly introduced drugs were “me-too” products rather 

than truly novel therapies [7]. In 2011, two U.S. researchers expressed what they considered justified 

worries that too few products were making it to market to fund future innovation amid steeply 

climbing research and development (R&D) expenses [8]. A 2009 analysis covering a 60-year span 

noted that while pharmaceutical R&D investment has surged dramatically, reaching $50 billion 

annually, the number of new medicines approved each year is no higher today than it was decades 

ago. In fact, only 21 new drugs received marketing approval in the United States in 2008, a figure 

considered by the author far below what was needed to ensure the long-term viability of the 

pharmaceutical industry. At that time, over 4,300 companies were involved in pharmaceutical 

innovation, but only 261 of them (around 6%) had successfully registered at least one new molecular 

entity (NME) since 1950 [9]. In this context, analyzing approved medicines from the next decade (2011 

to 2020) is relevant, because it reveals whether earlier concerns about limited innovation, rising R&D 

costs, and stagnant approval rates have improved. This period also reflects positive advances, such 

as the successful completion of the Human Genome Project, which has enabled more targeted and 

personalized drug development and there were already expectations that this second decade will 

result in an incremental progress as compared with the previous decade (although it was accepted 

that improvements in healthcare effectiveness would be still limited and only bloom in the 2021-2030 

decade) [10]. 

While quantifying innovation is relatively simple, measuring its quality with appropriate 

metrics proves much harder. To address this, industry critics have invented systems that group 

innovations into labeled tiers (e.g., “highly innovative,” “moderately innovative”), sometimes basing 

these labels on the FDA’s assessment of a drug’s value at the time of its NDA (New Drug 

Application). Yet this approach remains undependable and is likewise subjective and selective as 

informal, story-based descriptions of innovation [7]. How then can pharmaceutical innovation be 

measured? A variety of metrics have been proposed across time, from market size (as a proxy for 

future R&D spending) to the extent of clinical trials, and from the numbers of relevant journal articles 

or disease regimens to new drugs launched [11]. One metric often used has been the number of new 

molecular entities (NME, i.e., new active substances) authorized by a regulatory authority in a 

defined interval [12]. However, this is obviously not a sufficient metric in itself, as even when 

medicinal products are commercially very successfully, their degree of innovation may be very 

modest, well-known block-busters being, in fact, mere me-too products with little innovative features 

[13]. Therefore, finer-grained criteria are needed to more accurately assess innovation. 
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Along this line, pharmaceutical innovation has been conventionally classified in “radical” or 

“incremental”, where “radical innovations are generally taken to be a new molecular entity (NME)”, 

whereas “incremental innovations” refers to new developments that provide either a modest 

improvement or smaller, additional health benefits when compared to currently available treatments 

[1]; it would include me-too drugs and reformulations [14]. However, such a definition is rather 

confusing, because me-too drugs are most often NMEs, though non-NMEs may also be classified as 

me-too (e.g., enantiomers versus an authorized racemic or new dosage forms for an older active 

ingredient). 

A four-tier classification has also been advanced, classifying general innovation (not specifically 

pharmaceutical innovation) as follows: (i) incremental innovation (minor technology adjustments 

and limited benefit to consumers); (ii) market breakthroughs (slight technology changes but 

significant consumer benefits); (iii) technology breakthroughs (pioneering technology but low 

consumer gain); and (iv) radical innovation (integrating a novel technology with high consumer 

value) [15]. While this provides a helpful overarching framework, it has not generally been adopted 

in the pharmaceutical field, possibly due to the distinct nature of drug development, regulatory 

processes, treatment effects, and patient health outcomes. For pharmaceuticals, a tripartite model has 

been proposed in 2013 by Lanthier et al. [12]. Although all NMEs are chemically unique, their level 

of innovation differs. To reflect this, the researchers categorized them as first-in-class, advance-in-

class, or addition-to-class, using drug class, approval date, and priority review status as criteria. First-

in-class medications constitute genuine pharmacological innovation, as each establishes a previously 

unused biological pathway for disease treatment. Although follow-on agents within the same drug 

class may eventually surpass the pioneer in performance, the original first-in-class compound is 

distinguished by its fundamentally novel therapeutic strategy. Advance-in-class drugs are (in the 

view of the cited authors) those that, while not pioneering a new mechanism, are granted priority 

review due to their potential to deliver major clinical improvements; thus, the main criterion of 

classification becomes the existence of a priority review decision granted by FDA. Addition-to-class 

drugs, by comparison, exhibit functional similarity to existing therapies and lack substantial 

enhancements in efficacy or safety [12]. A similar classification, but more focused on the molecule 

shape and scaffold of drug active ingredients distinguishes between pioneers, settlers and colonists 

[16]. 

The main goal of this paper is to investigate how medical progress can be measured by 

developing a rigorous methodological framework, applying it to European regulatory data, and 

describing the resulting patterns of pharmaceutical innovation between 2011 and 2020. More 

specifically, the paper addresses three key research questions: (1) What was the overall scale and 

magnitude of therapeutic innovation introduced to the EU market during 2011–2020? (2) What were 

the principal characteristics and distinctive features of the new medicines approved by the European 

Commission based on the recommendation of the European Medicines Agency (EMA) over this 

period? And (3) In what ways can the assessment of pharmaceutical innovation be refined to capture 

more nuanced dimensions? 

2. Materials and Methods 

A dataset on marketing authorizations (MAs) granted by EMA for medicinal products 

containing new active substances (new molecular entities, NMEs) between 2011 and 2020 was 

compiled through manual extraction and synthesis of publicly available regulatory information from 

the European Medicines Agency (EMA). The primary source was the Annex 9 or 10 of EMA’s Annual 

Reports (2011-2020) [17], which provided structured summaries of newly authorized medicinal 

products, including therapeutic class, innovation status, and regulatory milestones. Supplementary 

data, particularly for defining the innovation class for each product were retrieved from the European 

Public Assessment Reports (EPARs) [18], the Union Register of medicinal products [19], and relevant 

scientific literature searched through PubMed and Google Scholar. The year of authorization reflects 

the date of initial EU marketing approval. This approach of focusing on NMEs has its strengths but 
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also its own limitations, as orphan medicinal products with old active substances were not considered 

(for instance cholic acid in the treatment of hereditary disorders that impair the synthesis of primary 

bile acids, authorized as an orphan medicinal product in 2013, was not included in the data set). 

Constructing such a data set involves a degree of subjectivity, as there are value judgements to be 

made about the qualification of certain products as having or not a new active substances, particularly 

in the case of vaccines and a few other biological products. In the case of vaccines, where generally 

the concept of ‘generics” is not applied, we only retained vaccines considered as first-in-class or at 

least advance-in-class (e.g., Fluenz Tetra, containing a live attenuated tetravalent influenza vaccine 

was included, as a trivalent Fluenz authorized by the European Comission/EMA in 2011). Fixed-dose 

combinations (FDCs) were included only if they contained at least one new active substance. FDCs 

made entirely of previously authorized active substances were excluded. In many cases, the approval 

of a new active substance was accompanied within the same year by the authorization of one or more 

fixed-dose combinations. For consistency, we considered these clusters around the same active 

substance as a single product, instead of classifying them as separate products. For instance, 

alogliptin was authorized in 2013, but in the same year two of its FDCs, one with metformin and 

another with pioglitazone were authorized, increasing the number of alogliptin products to three, 

although two are rather FDCs of the same new active ingredient); for this reason, with decided to 

keep only alogliptin in this case, leaving aside its two combinations. The analysis dataset was 

restricted to products granted a Marketing Authorization (MA). For example, although Folcepri 

(etarfolatide) received a positive opinion from the Committee for Medicinal Products for Human Use 

(CHMP, the main committee involved in the assessment of MA dossiers), it was excluded from the 

study because the applicant withdrew the application before the European Commission issued a final 

authorization. The situation was similar for Vynfinity (vintafolide). 

Cobicistat was initially authorized in May 2013 as one of the components of the four-drug fixed-

dose combination Stribild. A subsequent authorization for cobicistat as a single-ingredient product 

(Tybost) was granted in September 2013. As cobicistat no longer qualified as a new active substance 

at that time, only Stribild was retained in the analysis. By contrast, tenofovir alafenamide was first 

approved in 2015 within the Genvoya combination (elvitegravir/cobicistat/emtricitabine/tenofovir 

alafenamide) and did not receive a stand-alone authorization (Vemlidy) until 2017. Because it 

remained a new active substance in 2017—having not been previously authorized independently—

both marketing authorizations were included, together with Descovy, another fixed-dose 

combination containing emtricitabine and tenofovir alafenamide that had been approved before 2017. 

Eylea obtained EU authorization on 21 November 2012. Consequently, when Zaltrap was authorized 

on 1 February 2013, its active substance was no longer new. We therefore included Zaltrap in the 

dataset and excluded Eylea. 

Dinutuximab and dinutuximab beta raised an interesting classification challenge: the former 

(under the brand name Unituxin) was issued a marketing authorization in August 2015, but in 2017 

its MA was withdrawn by the European Commission at the request of the marketing authorization 

holder (MAH), due to the company’s inability to adequately supply Unituxin globally in the near 

future. In 2017, under a different MAH, a new MA was granted for what was in essence an improved 

version of the same antibody (dinutuximab beta). Within the process, the applicant argued that 

dinutuximab beta is a different substance from dinutuximab, as the new antibody “has a different 

manufacturing process and differs significantly in properties with regard to safety and/or efficacy 

from the already authorised active substance” [20]. Indeed, while the two antibodies share the same 

core mechanism (targeting the GD2 ganglioside) and therapeutic indication (neuroblastoma), one 

was produced in murine SP2/o cells and the other in Chinese hamster ovary cells (CHO); also, the 

former was administered as short infusions (in association with GM-CSF, IL-2, and isotretinoin), 

whereas the latter is used in a safer manner with a continuous 10-day infusion or once-daily infusions 

for a duration of 5 days [21]. The two were treated therefore in this paper as two different active 

substances, although they have much in common and in essence one is the improved version of the 
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other; since one replaced the other, though, one could argue that the two should be only counted 

once as a single new active substance. 

To assess the degree of pharmaceutical innovation, each product was classified using the 

tripartite framework proposed by Lanthier et al. (2013) [12], which distinguishes between first-in-

class (introducing a novel mechanism of action), advance-in-class (offering improved efficacy or 

safety within an existing class), and addition-to-class (providing similar therapeutic benefit as prior 

agents). While regulatory designations such as FDA Priority Review [22] and EMA’s PRIority 

MEdicines (PRIME) scheme [23] offer valuable signals of clinical promise and unmet medical need, 

we deliberately avoided using such decisions as metrics for innovation level. These designations are 

influenced not only by the drug’s inherent novelty or merit, but also by contextual factors such as 

submission timing, sponsor engagement, and internal resource allocation within regulatory agencies. 

As such, they may reflect strategic or administrative considerations beyond the intrinsic novelty or 

therapeutic advancement of the product. For instance, the EMA guidance document for PRIME 

applicants explicitly acknowledges that novel medicines could successfully add alternatives or 

incremental benefits to current treatment options, while not meeting the PRIME eligibility criteria. 

The key reason for this is often a timing issue: if the drug development plans are already in an 

advanced stage or the pivotal trials have already started, the benefit of the program’s support 

becomes irrelevant. Therefore, in such cases being denied PRIME status simply reflects the timing of 

the application and should not be necessarily taken as a critique of the products’s value; the product 

may still qualify for accelerated assessment [24]. Furthermore, because innovation assessments are 

often context-dependent and geographically specific, the significant global disparity in the utilization 

of expedited regulatory pathways must be considered. Currently, the EU employs these pathways 

less frequently than other major regions. [25]. According to a 2020 retrospective cohort analysis, 57% 

of drugs approved by the FDA between 2007 and 2017 received at least one expedited designation, 

whereas only 15% of EMA-approved drugs met similar criteria [26]. Relying on PRIME or similar 

designations as a primary benchmark for innovation would, therefore, lead to a disproportionate 

misclassification of truly innovative therapies due to this low utilization rate. As noted in the 

literature, Priority Review represents a preliminary regulatory judgment of a drug’s value based on 

limited early data, rather than a definitive label of breakthrough status [7]. 

Therefore, the classification of “advance-in-class” was based on the authors’ informed judgment, 

supported by peer-reviewed literature and comparative assessments of pharmacodynamic 

mechanisms, clinical efficacy and safety data, and therapeutic positioning. This approach allowed for 

a more consistent and mechanistically grounded evaluation of innovation across products, 

independent of regulatory procedural designations. Classification discrepancies among authors were 

resolved via discussion until consensus was reached. The entire dataset is available in Table SI, which 

also includes a short rationale explaining the classification of each individual product. 

Because the dataset includes only products containing a new active substance (NAS), Vargatef 

was retained while Ofev was excluded. Although both products contain nintedanib, Vargatef 

received its EU marketing authorization in November 2014, making it the first NAS-containing 

product. When Ofev was authorized in 2015, nintedanib was no longer considered a new active 

substance, and therefore Ofev did not meet the inclusion criteria. 

The classification of innovation degrees was based on the European Union regulatory 

perspective. For example, Opdivo (nivolumab) received its EU marketing authorization on 19 June 

2015, preceding Keytruda (pembrolizumab), which was authorized on 17 July 2015. In contrast, 

Keytruda obtained its first FDA approval on 4 September 2014, whereas Opdivo was first approved 

by the FDA on 22 December 2014. Thus, Opdivo is considered first-in-class in the EU, while Keytruda 

holds that position in the United States. Instead, Yescarta (axicabtagene ciloleucel) and Kymriah 

(tisagenlecleucel), both CAR-T therapies authorized in related indications were both labeled as first-

in-class, as both were authorized on the same day (August 23, 2018). 

3. Results 
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3.1. Distribution by Innovation Degree 

A total of 357 medicinal products containing new active substances were authorized by the 

European Commission via the centralized procedure between 2011 and 2020 (Figure 1). Of these, 204 

were classified as first-in-class (Table 1). The remaining 160, while based on new active ingredients, 

did not qualify as first-in-class and were therefore considered to represent a lower level of innovation. 

Within this group, 57 were categorized as additions-to-class and 103 as advances-in-class (Table 2). 

Overall, these data indicate that roughly 56% of new drug approvals introduced groundbreaking 

therapeutic approaches, while the remaining 446% provided incremental advances or alternatives 

within existing classes. On the other hand, the same data can be interpreted as involving at least some 

form of advancement in about 84% of the cases, whereas they represented mere additions to existing 

classes in about 16% of cases. 

 

Figure 1. Distribution of the 357 medicinal products by their innovation status: first-in-class, advance-in-class or 

addition to class. 

Table 1. Distribution of the 357 new medicinal products by the ATC code. 

ATC Code Category Drug Count 

L Antineoplastic and immunomodulating agents 129 

J Antiinfectives for systemic use 67 

A Alimentary tract and metabolism 38 

B Blood and blood forming organs 34 

N Nervous system 24 

V Various 18 

C Cardiovascular system 11 

M Musculo-skeletal system 10 

R Respiratory system 10 

D Dermatologicals 7 

S Sensory organs 7 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 January 2026 doi:10.20944/preprints202601.1582.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202601.1582.v1
http://creativecommons.org/licenses/by/4.0/


 7 of 32 

 

G Genito-urinary system and sex hormones 5 

H Systemic hormonal preparations 3 

Table 2. Distribution of the 357 medicinal products by the technology class used. 

Technology class 

Number of 

medicinal 

products 

First in class 

(% within 

column)  

Advance in class 

(% within 

column) 

Addition to 

class (% within 

column) 

Small molecules 157 80 (39.22%) 50 (51.02%) 27 (49.09%) 

Monoclonal antibodies 64 45 (22.06%) 6 (6.12%) 13 (23.64%) 

Proteins/polypeptides 51 33 (16.18%) 11 (11.22%) 7 (12.73%) 

FDCs 27 4 (1.96%) 18 (18.37%) 5 (9.09%) 

Vaccines 18 9 (4.41%) 9 (9.18%) 0 (0.00%) 

Radiopharmaceuticals 9 7 (3.43%) 0 (0.00%) 2 (3.64%) 

ATMP cell therapies 5 5 (2.45%) 0 (0.00%) 0 (0.00%) 

Gene therapies (excluding 

CAR-T cells)  
5 5 (2.45%) 0 (0.00%) 0 (0.00%) 

siRNA 4 4 (1.96%) 0 (0.00%) 0 (0.00%) 

Complex, non-herbal 5 2 (0.98%) 2 (2.04%) 1 (1.82%) 

CAR-T cells 3 3 (1.47%) 0 (0.00%) 0 (0.00%) 

Antisense oligonucleotides 3 3 (1.47%) 0 (0.00%) 0 (0.00%) 

Complex, herbal 3 3 (1.47%) 0 (0.00%) 0 (0.00%) 

Glycopeptides 3 1 (0.49%) 2 (2.04%) 0 (0.00%) 

Total 357 204 (57.14%) 98 (27.45%) 55 (15.41%) 

3.2. Time Evolution 

The year-by-year pattern (Figure 2) of newly authorized products indicates a general upward 

tendency over the decade, but with intermittent variability marked by two pronounced drops in 2016 

and 2019, each followed by substantial recovery in the subsequent year. The lowest number (30) of 

new MAs granted was 2011, while the highest number (41) was granted in 2018 and 2020. With the 

exception of 2013, first-in-class products outnumbered advance-in-class products in every year of the 

dataset. 

 

Figure 2. Number of new marketing authorizations (MAs) granted yearly by the European Commission between 

2011 and 2020 within the European Union, showing year-to-year variation and an overall upward trend despite 

intermittent declines. 

The 357 medicines vary widely by therapeutic class, as shown in Table 1. The most widely 

represented class is that of antineoplastic and immunomodulating agents, which alone cover 36.1% 
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of total; in other words, out of every three newly authorized medicinal products, on average one was 

an anticancer or immunomodulating agent. At the opposite pole, only 3 new medicines were part of 

the systemic hormonal preparations. 

The 129 antineoplastic and immunomodulating agents authorized over the last decade are 

distributed unevenly across the four major ATC classes. Antineoplastic agents (L01) dominate the 

landscape with 92 products, followed by 29 immunosuppressants (L04). In contrast, endocrine 

therapies (L02) and immunostimulants (L03) represent a much smaller share of the market, with only 

four approvals each. Among the 92 antineoplastic agents, 53 were first-in-class, 21 advance-in-class, 

and 18 addition-to-class. 

Within the category of antiinfectives for systemic use (ATC code J), antivirals (J05) were the most 

prevalent with 28 products, followed by vaccines (J07, n=18) and antibiotics (J01, n=13). The J06 class 

(immune sera and immunoglobulins) was limited to two (first-in-class) monoclonal antibodies: 

Zinplava (bezlotoxumab) and Nyxthracis (obiltoxaximab). Innovation in other subclasses was also 

limited; only two antimycobacterials (Sirturo and Dovprela, bedaquiline and pretomanid, 

respectively) and a single systemic antimycotic (Cresemba - isavuconazole) were authorized during 

this period. 

Among the products for the alimentary tract and metabolism (ATC code A), the most widely 

represented were those of the subclass A10 (drugs used in diabetes, 12 products), and A16 (other 

alimentary tract and metabolism products, n=15). 

3.3. Variation by Technology Class 

A synthetic presentation of the technology classes to which the 357 medicinal products belong 

is shown in Table 2. 

We were also interested to know whether these technology classes followed certain time trends 

across the analyzed decade. Between 2011 and 2020, the number of small-molecule medicine 

authorizations in the EU showed no sustained long-term trend, fluctuating considerably year-to-year. 

This moderate variability included peaks in 2013 and 2020 and a sharp dip in 2016 (Figure S1). 

In contrast, monoclonal antibodies (mAbs) displayed a clear upward dynamic over the decade. 

Approvals were modest early on (2–3 per year from 2011 to 2013) but began a rapid expansion 

starting in 2014–2015, driven by a sharp increase in 2015 (9 approvals). This sustained high output in 

the mid-2010s led to a plateau of consistently higher approval numbers in the latter part of the decade 

(Figure S2). The proportion of mAbs among the first-in-class medicinal products (22.06%) was almost 

equal with the proportion of mAbs among addition-to-class products (22.81%), but it was lower 

among those classified as advance-in-class (Table 2). 

The number of proteins and polypeptides authorized in the EU between 2011 and 2020 exhibited 

substantial year-to-year variability without a sustained directional trend. The general pattern for 

proteins and polypeptides was a fluctuating but generally stable landscape, marked by random 

increases and decreases rather than a consistent upward or downward trend. The number of proteins 

and peptides authorized each ear across the decade was also relatively stable, fluctuating around an 

annual mean of 5.1 (Figure S3). Proteins and polypeptides represented a larger fraction of the first-

in-class medicinal products compared to those classified as either advance-in-class or addition-to-

class (Table 2). 

The mean annual number of FDCs involving at least one new active substance was 3.0 (s.d. 1.7), 

with variations between 1 and 6 (Figure S4). These data exclude FDCs based on previously authorized 

active ingredients (i.e., this was limited to authorizations based on art. 8(3) of the Directive 

2001/83/EC, excluding those authorized on the basis of Article 10b of Directive No 2001/83/EC). The 

annual number of authorized vaccines varied between 1 and 4, with a mean of 2.0 (s.d. 1.1) (Figure 

S5). The fraction of Fixed-Dose Combinations (FDCs) was lowest in the first-in-class products, but 

this proportion was highest in the advance-in-class products (Table 2). 

Only in five of the 10 years considered here were radiopharmaceuticals authorized (2012-2014 

and 2016-2017), and in each of those years the number of approved radiopharmaceuticals was two, 
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except for 2016, when only one was authorized. Out of the 9 radiopharmaceuticals approved during 

this period, seven were first-in-class, while two were considered addition-to-class. 

More innovative technologies were authorized in the analyzed decade compared with the 

previous time. For instance, a number of 5 cell-based Advanced Therapy Medicinal Products 

(ATMPs) were authorized between 2014 and 2019, whereas before this decade a single somatic-cell 

therapy medicines (sCTMP) had been authorized within EU, i.e., ChondroCelect (in 2009). A number 

of four other products are also based on somatic cells, for instance Zalmoxis (allogeneic T cells 

genetically modified with a retroviral vector encoding for a truncated form of the human low affinity 

nerve growth factor receptor (-LNGFR) and the herpes simplex I virus thymidine kinase HSV-TK 

Mut2)) or the three CAR-T cell therapies, but they are legally classified (Under EU Regulation (EC) 

No 1394/2007) as gene therapy medicinal products (GTMPs), because the T cells contained by those 

products are genetically modified. To those four gene therapies, a product based on an oncolytic virus 

(Imlygic, with the active ingredient Talimogene laherparepvec, a genetically modified, oncolitic 

herpes simplex virus), two gene therapy using adeno-associated viruses (Luxturna, voretigene 

neparvovec, and Zolgensma, onasemnogene abeparvovec), as well as an ex vivo gene therapy 

(Libmeldy, atidarsagene autotemcel) should be added, increasing the total number of gene therapies 

authorized in this period to eight. From only one before the beginning this decade, the progress is 

rather spectacular. Although not classified as gene therapies, but only as biologicals, three antisense 

oligonucleotide medicinal products have been authorized in this period (whereas before only one 

had reached regulatory approval and had in 2002 been withdrawn). Also, four siRNA (small 

interference RNA) medicinal products and have been approved as medicines based on a new 

technology platform, for the first time in this decade, opening new ways of treating a variety of 

diseases. All such sophisticated products were categorized as first-in-class, zero were classified as 

advance-in-class or addition-to-class. 

A small number of the new medicinal products had complex active ingredients, four of non-

herbal origin and three of an herbal origin. The active ingredient of Velphoro is sucroferric 

oxyhydroxide, a complex made of polynuclear iron(III)-oxyhydroxide combined with sucrose and 

starches, which functions as a phosphate binder within the gastrointestinal tract, whereas 

ferumoxytol consists of superparamagnetic iron oxide nanoparticles enveloped by a carbohydrate 

coating made of polyglucose sorbitol carboxymethyl ether. Colestilan (the active ingredient of 

BindRen) and patiromer (Veltassa) are polymers with binding properties for phosphates and 

potassium ions, respectively. In the analyzed decade only three new products were based on complex 

herbal extracts: a defatted powder of peanuts (Arachis hypogaea L.) used in the treatment of peanut 

allergies (), a birch bark extract (Episalvan) authorized in the treatment of partial-thickness wounds 

(and withdrawn after several years for commercial reasons), and a bromelain enriched proteolytic 

enzyme preparation from Ananas comosus (Nexobrid) authorized for the enzymatic debridement of 

deep burns. Defibrotide (the active substance of Defitelio) is a mixture of oligonucleotides derived 

from porcine intestinal mucosa. 

A number of three lipoglycopeptide antibiotics (a subgroup of the larger glycopeptide class) 

have been authorized in this period: Vibativ (telavancin), Xydalba (dalbavancin), and Orbactiv 

(Oritavancin). The rise of vancomycin-non-susceptible strains spurred development of 

lipoglycopeptides, which are semisynthetic glycopeptides with an added lipid tail, which prolongs 

their half-lives and increases their efficacy against Gram-positive cocci. All three are bactericidal 

agents given intravenously, despite having distinct dosing schedules and share a common 

bactericidal mechanism (interference with cell-wall synthesis via binding to terminal D-Ala-D-Ala 

residues of precursors). Their efficacy is targeted primarily against susceptible Gram-positive 

bacteria, such as S. aureus (including MRSA) and streptococci, making them ineffective for most 

Gram-negative infections. Telavancin was the first in class, whereas dalbavancin and oritavancin 

advanced the class, mostly by improving the PK profile and the administration convenience [27]. 

3.4. Administration Routes 
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By far the most widely used administration route was oral (158 products), followed by 

intravenous (106 products); combined, these cover 73.95% of the dataset (however, as shown below, 

parenteral routs collectively outweigh the oral route). The pursuit of oral formulations remains a 

major driver of pharmaceutical innovation, with first-in-class drugs exemplifying this trend and 

reinforcing the historical preference for oral administration. The substantial number of first-in-class 

oral products indicates ongoing innovation in overcoming the key challenges of drug development 

represented by bioavailability and first-pass metabolism. IV administration has traditionally been 

reserved for drugs requiring rapid onset, high bioavailability, or those unstable in the gastrointestinal 

tract, particularly various proteins, including mAbs. Since peptides, proteins and mABs represent 

about one third of all data set, the high number of IV products (29.69%) should not be surprising. 

These two routes were followed by subcutaneous (44 products + one subcutaneous implant) and 

intramuscular (13 products) routes. The high number of medicines administered subcutaneously, 

particularly the first in class (28 out of 41 such medicines), indicates a shift towards SC delivery of 

biologics, as before 2010 the SC route tended to be used especially for vaccines and insulin; now both 

monoclonal antibodies and a variety of other biological products use SC as the main delivery route. 

Several products offered more flexible administration options, such as oral + IV (4 products), oral + 

IM, IV for the initial dose followed by SC for subsequent doses, and even ID + SC + intratumoral + 

peritumoral injection following radiolabelling (Lymphoseek/tilmanocept). Other parenteral routes 

(such as intra-articular, intracerebroventricular, and intralesional) were largely reserved for rare first-

in-class products. Other administration routes included three nasal vaccines, one vaginal pessary 

(Intrarosa), and five topical (cutaneous) treatments. Ophthalmic innovations featured unique 

delivery methods, including the Holoclar ocular surface implant and Luxturna’s subretinal injection 

(Table 3). 

Table 3. Distribution of the 357 products by administration route and the innovation level. 

Administration_route 
Addition-to-

class 

Advance-in-

class 
First-in-class 

Oral 28 57 73 

IV 14 17 75 

SC 7 9 28 

IM 1 7 5 

Topical 0 0 5 

Intralesional 0 0 3 

Ophthalmic 0 0 2 

Oral + IV 0 3 1 

Nasal 0 2 1 

Intravitreal 1 0 1 

ID + SC + intratumoral + peritumoral injection 

(following radiolabelling) 
0 0 1 

In vitro radiolabelling of medicinal products, 

which are subsequently administered by the 

approved route 

0 0 1 

Intra-articular 0 0 1 

Intracerebroventricular 0 0 1 

Intrathecal 0 0 1 

IV (first dose) + SC (subsequent doses) 0 0 1 

Ocular (surgical implantation onto the corneal 

surface / under the conjunctiva) 
0 0 1 

SC (implant) 0 0 1 

Subretinal 0 0 1 

Vaginal 0 0 1 

Inhalation 3 1 0 
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Administration_route 
Addition-to-

class 

Advance-in-

class 
First-in-class 

Oral + gastroenteral 0 1 0 

Oral + IM 0 1 0 

Oral + enteral 1 0 0 

To facilitate a structured analysis of drug delivery trends, we have also categorized 

administration routes into four distinct groups: those involving systemic injections, infusions or 

localized internal delivery (e.g., intravenous, subcutaneous, intrathecal) were grouped as Parenteral; 

treatments applied to external or mucosal surfaces, such as topical, intranasal, and ophthalmic routes, 

were consolidated under Topical/Local; and products involving multiple delivery methods were 

designated as Mixed. When the products are thus grouped, the distribution is as follows: 172 

parenteral, 158 oral, 15 topical/local, 9 with mixed delivery routes, and 3 others (two implants and 

one sui generis, in vitro radiolabelling, following by approved route). This more synthetic 

distribution of medicinal products by administration route and innovation category is shown in Table 

4. 

Table 4. Distribution of medicinal products by grouped administration routes across innovation classes. 

Individual delivery methods were consolidated into four primary categories: Parenteral (injections, infusions, 

and implants), Oral, Mixed (two or more alternative or concomitant routes), and Topical/Local (ophthalmic, 

intranasal, inhalation, and vaginal routes). 

Administration_route 
Addition-to-class 

(% within column) 

Advance-in-class 

(% within column) 

First-in-class 

(% within column) 

Mixed 1 5 3 

Oral 28 57 73 

Parenteral 23 33 116 

Topical/Local 3 3 9 

Other 0 0 3 

As shown in Table 4, oral administration dominates the lower-innovation categories (addition-

to-class and advance-in-class), while the higher-innovation first-in-class products favor the 

parenteral route. 

3.5. Pharmaceutical Forms 

Although pharmaceutical forms are contingent upon the route of administration, multiple forms 

are frequently available for a single route. It is consequently of interest to analyze the patterns in their 

use for newly authorized drugs during the period under review. In a number of cases, MAHs later 

submitted one or more alternative dosage forms. Since our analysis was restricted to the date of first 

authorization, subsequent dosage forms were not included. A synthesis of the main dosage forms 

used in the products analyzed and their frequencies is shown in Table 5. 

Table 5. Frequency distribution of pharmaceutical forms for the 357 medicinal products, sorted in descending 

order of occurrence. Pharmaceutical forms appearing a single time are consolidated under the “Others” 

category. 

Dosage_form Count 

Film-coated tablet 98 

Hard capsule 38 

Concentrate for solution for infusion 35 

Solution for injection 35 

Others 33 

Powder for concentrate for solution for infusion 23 

Powder and solvent for solution for injection 21 

Dispersion for infusion 7 
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Dosage_form Count 

Powder for solution for injection 6 

Tablet 6 

Solution for infusion 5 

Suspension for injection 5 

Prolonged-release tablet 4 

Soft capsule 4 

Gel 3 

Powder for solution for infusion 3 

Solution for injection (pre-filled pen) 3 

Solution for injection in pre-filled pen 3 

Solution for injection in pre-filled syringe 3 

Dispersion for injection 2 

Eye drops, solution 2 

Film-coated tablet + powder for concentrate for solution for infusion 2 

Inhalation powder, pre-dispensed 2 

Nasal spray, suspension 2 

Powder for concentrate and solution for solution for infusion 2 

Powder for concentrate for solution for injection/infusion 2 

Powder for oral suspension 2 

Radiopharmaceutical precursor, solution 2 

Solution for injection (pre-filled pen/syringe) 2 

Suspension for injection (pre-filled syringe) 2 

Pharmaceutical forms generally aligned with their respective administration routes. Within the 

oral category, film-coated tablets were the predominant dosage form (102 products). In contrast, non-

coated tablets and prolonged-release tablets were rare, each appearing in only six products for non-

coated tablets (Dovprela - pretomanid, Edarbi/Ipreziv - azilsartan medoxomil, Jakavi - ruxolitinib, 

Sirturo - bedaquiline, Spedra - avanafil, and Zytiga - abiraterone acetate), and four products for 

prolonged-release tablets (Betmiga - mirabegron, Fampyra - fampridine, Rinvoq - upadacitinib, and 

Rukobia – fostemsavir). Hard capsules were the second most common oral formulation (39 products), 

significantly outperforming soft capsules (4 products). Liquid-reconstitution forms were minimal: 

two products were powders for oral suspension (Lokelma - sodium zirconium cyclosilicate and 

Veltassa - patiromer), and one offered both effervescent and suspension formulations (Vaxchora - 

oral live cholera vaccine). No new active substances were authorized as powders for oral solution 

during this decade. 

Parenteral pharmaceutical forms exhibited greater diversity than those for oral routes. Solutions 

for injection were most prevalent (36 products), followed by concentrates for solution for infusion 

(35) and powder for concentrate for solution for infusion (23). Other common formulations included 

powder and solvent kits for solution for injection (21), dispersions for infusion (7), powder for 

solution for injection and and solution for injection (pre-filled pen) (6 each). 

Topical (cutaneous) formulations were limited to four products: three standard gels and one 

powder and gel for gel (where the powder is first mixed with the gel to obtain the final gel that will 

be applied on the wound area). Only two products were formulated as eye drops: Oxervate 

(cenegermin) and Rhokiinsa (netarsudil). 

A small number of products occurred twice in the list, while a number of 31 products belonged 

to a diverse range of formulations, each one occuring only once. They can be grouped as follows: 

Oral solid formulations: chewable tablets; effervescent powder and powder for oral suspension; 

granules for oral suspension; oral powder in capsules for opening or sachet; gastro-resistant hard 

capsules. Such formulations reflect attempts to improve patient acceptability (chewable, effervescent) 

or bioavailability (gastro-resistant). Granules and powders in sachets are often pediatric-friendly, but 

only one of the two was indicated in children (Palforzia - defatted powder peanuts (Arachis hypogaea 

L.), semen, intended for children with peanut allergy - age 1-17); the other was formulated as oral 
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powder in capsules for opening or sachet because it is a single-dose diagnostic agent (Macimorelin 

Aeterna Zentaris - macimorelin). 

Oral liquid formulations: one oral liquid (RAVICTI - glycerol phenylbutyrate, a product which 

contains only the active substance as a pure liquid, with no excipients) and one oral solution. Despite 

their traditional importance in pediatrics and geriatrics, oral liquids are rare among products with 

new active substances, likely due to stability and logistical challenges associated with liquid 

formulations. 

Various parenteral preparations: Concentrate and solvent for solution for infusion; concentrate 

and solvent for solution for injection; powder and solvent for suspension for injection; powder and 

suspension for injection; powder for concentrate and solution for solution for infusion; powder for 

concentrate for solution for injection/infusion; powder for solution for injection (subcutaneous use); 

solution for injection/infusion. Such formulations reflect stability challenges, as many proteins 

(including monoclonal antibodies) or chemically sensitive molecules require reconstitution or 

dilution before administration. 

Pre-filled and device-linked injections: solution for injection (vial, pre-filled pen, syringe, or 

cartridge). Such device-linked formulations reflect a patient-centric orientation in drug development, 

as they are apt for self-administration and come with increased convenience. 

Combinations of dosage forms or hybrid forms: film-coated tablet + concentrate/solution 

combinations, hard capsule + powder for concentrate for solution for infusion, film-coated tablet + 

oral solution + solution for intravenous injection etc (eight such combinations in total among the 

whole data set). They correspond to a relatively small number of products with multi-route strategies: 

oral maintenance plus parenteral initiation or rescue. 

Implantable and advanced delivery systems: implant, implantation suspension, and living 

tissue equivalent, transparent circular sheet. They represent advanced formulations, closer to the 

frontier of regenerative medicine (Spherox - spheroids of human autologous matrix-associated 

chondrocytes for implantation suspended in isotonic sodium chloride solution, used for the 

treatment of cartilage defects, and Holoclar - expanded autologous human corneal epithelial cells, 

indicated in the treatment of limbal stem cell deficiency), or intended to perform sustained release 

(Scenesse – afamelanotide, ensuring a sustained effect for about two months). 

Topical and localized forms: nasal spray suspension, ointment, pessary (vaginal), powder and 

gel for gel (for topical use). Such delivery systems are well-established in the field, but their single 

occurrence indicate that major innovation is focused on systemic therapies for major indications 

(oncology, immunology, infectious disease), whereas occasionally niche innovations make use of 

topical therapy. 

Radiopharmaceuticals: a kit for radiopharmaceutical preparation, and a radiopharmaceutical 

precursor, solution. Radiopharmaceutical kits are inherently specialized, requiring on-site 

preparation and strict handling, whereas a precursor has to be subject to a later radiolabelling step. 

Several other radiopharmaceuticals have been formulated as solutions for injections, whereas these 

two are distinct formulations, tailored to their specific preparation and use requirements. 

3.6. Orphan Versus Non-Orphan Products 

The distribution of orphan innovation status among the study participants is shown in Figure 3. 

Of the total sample (N = 357), about one-third (32.49%, n = 116) had an orphan status, while the 

remaining two-thirds (67.51%, n = 241) were non-orphan. Looking at the first-in-class products, the 

number of non-orphans was slightly superior to that of orphans (115 versus 89, 32.21% out of total 

versus 24.93% out of total). Among the orphan products the first-in-class had the highest number, 

whereas among the non-orphan medicines the distribution was more evenly spaced (although the 

first-in-class was still the largest subcategory). We would like to clarify that this analysis reflects the 

orphan status assigned at the time each marketing authorization was granted. A comparison with 

the current EU Register of Medicinal Products reveals a markedly different picture, as the orphan 

status of many products has since changed, either at the request of the MAH or following withdrawal 
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of the marketing authorization. We are preparing a separate paper that examines these post-

authorization changes for the products in this dataset. 

 

Figure 3. Distribution of innovation types by orphan drug status (counts and corresponding percentages). 

4. Discussion 

4.1. Innovation Levels and Competition Landscape 

Our findings reveal a notable level of innovation among medicinal products containing new 

active substances (NAS) authorized through the European Commission’s centralized procedure from 

2011 to 2020. Of the 357 NAS approvals, 204 (approximately 57%) were classified as first-in-class, 

representing groundbreaking therapeutic approaches with novel mechanisms of action, while the 

remaining 153 included 55 additions to class (mere alternatives within existing classes) and 98 

advances in class (incremental improvements offering clinical or at least patient convenience 

advantages). 

First-in-class drugs represent 56.0% of the total, indicating a substantial achievement of 

innovation during this decade. These agents introduce novel mechanisms of action and frequently 

address unmet medical needs or new therapeutic pathways. [28]. These findings align with the 

EMA’s centralized procedure requirements. Because this pathway is compulsory for biotechnological 

and advanced therapy medicinal products (ATMPs), it serves as a primary pipeline for the most 

innovative therapeutic developments in Europe [29]. Although directly comparable statistics on first-

in-class drug approvals at the EMA during this specific decade are not available, evidence from 

analyses covering an overlapping period of the FDA–EMA approvals suggests a resilient European 

pipeline of novel mechanisms. However, EMA seems to utilize expedited pathways for such 

innovations considerably less frequently than the FDA (30% versus 81% of first-in-class approvals 

receiving expedited status between 2013 and 2023) [30]. The high first-in-class share within the 

analyzed decade supports the idea that Europe’s regulatory systems prioritize innovative therapies, 

especially in oncology and rare diseases, where novel targets have increasingly proliferated [31]. The 

proportion of first-in-class is broadly in line with the tendency reported in the last two decades of 
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domination by “pioneers” (at 60–80% in the 2010s) and a reduction in the share of “colonists” (to a 

10–25% share) [16]. 

While groundbreaking therapies justifiably are drawing most of the attention, the distribution 

of approvals (15.5% as additions to class and 27.5% as advances in class) suggest a robust landscape 

of incremental innovation. The vast majority of NAS approvals (about 84%) offer at least some degree 

of therapeutic advancement over existing options. Among the advance-in-class products have been 

grouped those able to deliver meaningful improvements in efficacy, safety, tolerability, 

pharmacokinetics, or patient convenience. New products within a specific therapeutic class can bring 

significant benefits even when they are only additions-to-class. Discrete clinical nuances, such as the 

different safety profiles of SSRIs or the selectivity properties of beta-blockers can result in high 

adoption rates for what are called ‘me-too’ drugs. Limited evidence indicates that sometimes even 

when priced above the first-in-class pioneer, these follow-on therapies command a large market share 

and are chosen by health professionals because they offer tailored options for patient-specific needs 

[32]. Moreover, among the Essential Medicines List developed by the World Health Organization 

(WHO), about 60% belong to the “me-too” drugs (i.e., additions-to-class or at most advances-in-class). 

However, their availability can contribute to the protection against shortages, as they allow 

professionals in the context of a shortage to substitute one product substituting with another from 

the same class [33]. Our data show that most non-first-in-class drugs in Europe represent tangible 

progress rather than unnecessary alternatives, with only 16% being classified as additions without 

any advancement in care. This limited share of mere additions-to-class reflects that fact that the 

market appetite for drugs with minimal differences from reference products is dwindling and the 

demand is increasing for products bringing superior safety or efficacy benefits over existing 

therapeutic options [34]. 

The balanced distribution of products with NAS among first-in-class and follow-on (advance-

in-class or addition-to-class) is likely to reflect intense development competition for the same target, 

rather than a servile, low-risk imitation of a successful new product. Historically, the first drug to 

market in a class was often not the first to begin clinical testing [35]. Similarly, in about half of the 

cases, follow-on drugs were patented (in the U.S. or worldwide) before the pioneering first-in-class 

drug had secured any patent protection [36]. Therefore, regarding follow-on products as mere, low-

quality imitators, overly simplistic and unfounded. 

4.2. Time Evolution 

As shown above, the temporal distribution of MAs for medicinal products containing NAS via 

the centralized procedure between 2011 and 2020 reveals a general upward trend in approvals, 

increasing from a low of 30 in 2011 to a peak of 41 in 2018 and 2020, albeit with notable fluctuations 

including marked declines in 2016 and 2019 (followed by recoveries). This general ascent reflects the 

growing productivity in the European pipeline for cutting-edge medicines over this period, driven 

by greater R&D investments and breakthroughs in multiple therapeutic fields, particularly oncology 

and rare diseases, as well as in that of certain technology platforms, such as the now mature 

monoclonal antibody technology [37], but also newer ones, from siRNAs[38] to CAR-T cells [39] or 

to progresses in cell research and advanced therapies [40]. For instance, under the 7th Framework 

Programme (2007-2013) and Horizon 2020 (2014-2020), the EU allocated €3.2 billion to over 550 cross-

border research collaborations dedicated to rare diseases [41]. Multiple EU initiatives and national 

projects within EU have provided funding for cancer research, both at the basic and the translational 

levels [42]. 

The significant declines observed in 2016 and 2019, followed by immediate recoveries, are in line 

with the known natural volatility of annual regulatory approvals, typically seen in both EU and other 

regulatory regions [43,44]. Similarly low rates of approval in 2016 have also been reported in the US 

[43,45]. Time series analyses of US data have found cyclical patterns in FDA drug approvals, with 

regulatory, economic, and policy factors likely serving as the key influences [46]. The 2018 EU peak 

in approvals had an FDA counterpart, as the US agency approved 59 novel drugs in that year, 
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marking a US record. This was fueled by widespread adoption of expedited procedures (namely Fast 

Track, Breakthrough Therapy, Priority Review, and Accelerated Approval) [47]. The 2020 peak is also 

consistent with one of the FDA’s most productive years: 49 novel therapeutics were approved (nearly 

23% above the 2011–2020 annual average of 40) [48]. 

Annual authorization rates in the EU this decade are somewhat higher than those observed in 

the United States during the 1990s, yet remain below the peak levels seen in the U.S. in 2002 and 2003 

[7]. Nevertheless, they exceed the total U.S. new molecular entity approvals from 2004–2009[8]. For 

context, the number of new active substances (NAS) authorized annually in the EU between 2002 and 

2010 ranged from 14 to 36, surpassing 35 only in 2007 and exceeding 25 in just two years (2007 and 

2009) [49]. 

To conclude, the 2011–2020 data illustrates a robust and increasingly dynamic European 

regulatory environment for novel therapies, defined by long-term growth despite natural annual 

fluctuations. These findings align with international pharmaceutical trends, indicating that European 

approval rates have kept pace with the accelerating rate of global scientific discovery in the field of 

drug development. 

4.3. Therapeutic Classes 

The dominance of antitumor therapies among newly approved products highlights the ongoing 

focus on oncology in global pharmaceutical innovation. Antineoplastic agents (ATC L01) accounted 

for the largest share of approvals over the last decade, reflecting both the high burden of cancer and 

the progress in developing a variety of new(er) antitumor approaches, from diverse targeted 

therapies such as small kinase inhibitors to a variety of immunotherapies, and monoclonal 

antibodies, including antibody-drug conjugates (ADCs). Antine drugs remain central to therapeutic 

development efforts of the pharmaceutical companies and public research, consistent with broader 

analyses showing their dominant role among oncologic approvals in recent years and in line with the 

perceived “strong unmet need” for both common and rare tumors [50]. This might also be to a certain 

extent driven by the perceived willingness of health systems to pay more for oncological products 

than for medicines intended for non-oncological diseases, even when the latter have relatively high 

DALY burdens [51]. Oncology has been a major focus of accelerated development pathways and 

regulatory incentives, such as access to expedite development procedures (Fast Track, Priority 

Review etc), and thus it is more appealing and may seem more rewarding and less risky than other 

therapeutic areas. 

A paper based on USA data reported that even with 57 anticancer drug approvals occurring in 

a single year (2020), only 46 approvals with a new biological target were authorized over a 12-year 

period examined, implying that on average FDA is authorizing under four novel targets each year 

[52]. A direct comparison is difficult to make because our focus was not on novel biological targets, 

but rather on first-in-class (the two do not necessarily coincide); besides, defining what constitutes a 

“novel biological target” is more complex than it would seem at first sight, as discussed in the 

introductory section. 

It has been stated that “antibody development in oncology driven by collaborative work from 

academia and industry has surpassed the growth of other cancer-targeting agents such as kinase 

inhibitors, hormonal drugs, cancer vaccines, and chemotherapies by a wide margin” [53]. Within the 

ten-year period analyzed, our data do not corroborate this assertion. Among the 92 antineoplastic 

agents approved, 55 were small molecules compared with just 28 monoclonal antibodies, meaning 

that the latter represented only about half the number of the former. It remains possible that the 

subsequent decade (now partly completed) will align more closely with this statement. 

The relatively lower approval volume in other L-class ATC level-2 subgroups, including 

endocrine therapies (L02), immunostimulants (L03), and immunosuppressants (L04), likely reflect 

both a combination of market demand and different R&D priorities. The progress in the field of 

immunosuppressants, while vital for transplant and autoimmune care, often centers on well-

characterized targets and established therapeutic classes, and is less focused on novel breakthroughs, 
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although “no immunosuppression regimen has proven to be without a potential pitfall” [54]. 

Compared with antineoplastic agents, endocrine therapies focus on hormone-driven malignancies or 

defined metabolic axes, which naturally imply a narrower field of application and this probably 

explains the substantially lower number of products from this subclass. As for the 

immunostimulants, the development of immunosuppressive agents for oncology continues to be 

difficult, largely due to the immunosuppressive nature of the tumor microenvironment and the 

complexity of immune-evasion mechanisms such as hypoxia, increased glutathione expression, and 

other pathways that dampen immune activity [55]. There have been multiple obstacles in the 

pathway of developing new immunostimulants, but with recent progresses this might change in 

future, as indicated by the progresses with the CAR-T therapies and checkpoint inhibitors [56]. 

Within ATC code J (antiinfectives for systemic use), antivirals (J05) were the most prevalent, 

followed by vaccines and antibacterials. The 28 antiviral agents cover a broad spectrum of viral 

targets, including HIV, HCV, influenza, and SARS-CoV-2, highlighting both persistent unmet needs 

and pandemic-driven momentum in antiviral development. Many approvals involve fixed-dose 

HIV-1 combination therapies such as Genvoya, Biktarvy, Delstrigo, and Stribild, which represent 

incremental innovation aimed at streamlined, once-daily regimens that enhance adherence and 

strengthen resistance barriers in long-term HIV management. In contrast to monotherapy, drug 

combinations deliver enhanced efficacy, ensuring continued viral suppression, safeguarding T-cell 

levels, and minimizing side effects. These benefits have made combination regimens a major focus of 

HIV research and pharmaceutical development. Their flexibility allows patients to switch therapies 

more readily in response to toxicity or the need for simpler dosing, and they significantly curb the 

development of resistance that commonly occurs with single-drug approaches [57]. The large 

proportion of HIV therapies, including second generation integrase inhibitors (Tivicay), next 

generation of non-nucleoside reverse transcriptase inhibitors (Pifeltro), and the first first CD4-

directed post-attachment inhibitor (Trogarzo), useful in multi-drug-resistant HIV-1, reflects a long-

standing evolution of antiviral research and development, where about half of all antiviral approvals 

in recent decades have targeted HIV [58]. As a post-attachment entry inhibitor, the monoclonal 

antibody Trogarzo (ibalizumab) exemplifies the use of biologics in managing multi-drug resistant 

HIV[59]. Although small-molecule therapies still dominate the market, this class highlights a strategic 

move toward non-traditional antiviral platforms, at least for challenging, multidrug resistance forms 

of the disease. 

Another key group of antiviral products authorized within this decade included several 

hepatitis C virus (HCV) direct-acting antiviral combinations such as Harvoni (sofosbuvir/ledipasvir), 

Epclusa (sofosbuvir/velpatasvir), Viekirax (ombitasvir/paritaprevir/ritonavir), and Maviret 

(glecaprevir/pibrentasvir), alongside earlier-generation protease inhibitors like Incivo (telaprevir) 

and Victrelis (boceprevir), authorized at the beginning of the decade. They exemplify the significant 

advances in HCV therapy over the past decade [58], with potent pangenotypic efficacy and 

impressive cure rates (quasi-total) compared with interferon-based regimens, even in hard to treat 

populations, such as cirrhosis patients infected with genotype 3 [60]. 

Two influenza antiviral products were authorized in this interval, Alpivab (peramivir) and 

Xofluza (baloxavir marboxil). Peramivir offers the benefit of single-dose administration, though via 

a more invasive route, and demonstrates better safety and efficacy than oseltamivir in pediatric 

patients, but not in adults. [61,62]. As a first-in-class inhibitor of cap-dependent endonuclease activity, 

Baloxavir marboxil represents a rare mechanistic breakthrough in the treatment of acute respiratory 

viral infections. By disrupting the influenza virus’s cap-snatching machinery, it employs a mode of 

action fundamentally distinct from neuraminidase inhibition (furthermore, Baloxavir has 

demonstrated superior safety and efficacy profiles compared to oseltamivir [63]). 

The COVID-19 pandemic expanded the range of systemic antiviral therapies. Veklury 

(remdesivir), initially created for other viral diseases and later redirected toward SARS-CoV-2, is as 

a broad-spectrum RNA polymerase inhibitor [64] authorized to reduce disease progression in 

patients with COVID-19. 
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In the ATC A category, new drug development is heavily concentrated in two areas: (type 2) 

diabetes (A10) and rare metabolic diseases (A16). This pattern highlights the two biggest drivers of 

recent innovation in this field, the (r)evolution of diabetes care [65] and a progress in targeted 

medicines for ultra-rare conditions [66]. The inclusion of 14 agents in subclass A10 reflects a period 

of rapid transformation in diabetes pharmacotherapy in the analyzed period, particularly for type 2 

of the disease. This group of medicines is dominated by two therapeutic classes: SGLT2 inhibitors 

(empagliflozin, dapagliflozin, canagliflozin, ertugliflozin, sotagliflozin)[67] and GLP-1 receptor 

agonists (e.g., semaglutide, dulaglutide, albiglutide, lixisenatide)[68]. Two DPP-4 inhibitors 

(alogliptin, linagliptin), were authorized in the first part of the decade (2011 and 2013), suggesting a 

higher interest for new approaches in diabetes treatment. The list of subclass A16 is primarily 

composed of enzyme replacement therapies (ERTs) (e.g., sebelipase alfa for lysosomal acid lipase 

(LAL) deficiency, asfotase alfa for hypophosphatasia, elosulfase alfa for mucopolysaccharidosis type 

IVA (MPS IVA)), small molecule substrate reduction or chaperone therapies (e.g., eliglustat for 

Gaucher disease, migalastat for Fabry disease), and siRNA molecules targeting specific enzymes in 

the heme and oxalate biosynthesis pathways for acute hepatic porphyria and primary hyperoxaluria 

type 1 (givosiran and lumasiran). 

4.4. Administration Routes 

The examination of administration routes makes evident the tight linkage between delivery 

routes and the level of pharmaceutical innovation. Across the dataset, oral and intravenous 

formulations predominate, representing nearly three-quarters of all products and reaffirming their 

longstanding prominence in drug development. The oral route persists as the predominant mode of 

administration industry-wide [69], preferred for its established profile in patient compliance, 

convenience, and appropriateness for extended treatment regimens [70]. Its dominance among both 

addition-to-class and advance-in-class agents suggests that much incremental innovation is built on 

existing pharmacological and pharmaceutical foundations, wherein the obstacles to effective oral 

delivery have been previously resolved or are reasonably manageable. The substantial number of 

first-in-class products addressed to the oral route indicates that this delivery approach is not limited 

to incremental developments. Instead, it continues to be a major driver of innovation, with new 

molecular entities successfully overcoming classical barriers such as poor solubility, limited 

permeability, and extensive first-pass metabolism [71]. This finding reinforces the notion that 

advances in medicinal chemistry, formulation technologies, and enabling approaches (e.g., prodrugs 

and absorption enhancers) have expanded the scope of what can be achieved via the oral route, even 

for novel mechanisms of action. 

Although oral dosing is the predominant route in general, parenteral administration, especially 

IV delivery, is widely used for first-in-class drugs. This is consistent with the fact that numerous novel 

and complex biologic agents, such as therapeutic proteins and monoclonal antibodies, and even some 

small molecules, are administered parenterally because they are poorly absorbed and unstable in the 

gastrointestinal environment when taken orally [72–74]. By bypassing first-pass metabolism and 

entering systemic circulation directly, parenteral routes offer predictable pharmacokinetic profiles 

and consistent systemic drug levels (high bioavailability levels), both essential for medicines with 

novel pharmacological mechanisms [75,76]. 

While intravenous infusion remains the standard route for the majority of therapeutic 

antibodies, there is a trend toward diversifying parenteral delivery. Advancements in formulation 

are increasingly allowing for subcutaneous administration, which facilitates self-care and reduces the 

burden on healthcare facilities. Small molecules like opioids have been administered subcutaneously 

since the 1800s, but this route only became common for monoclonal antibodies with adalimumab’s 

introduction, gaining widespread adoption after 2009. Within our dataset, among the 42 products for 

which the administration route was subcutaneous, half (21) were monoclonal antibodies. Today, 

subcutaneous delivery is preferred for managing chronic conditions like rheumatoid arthritis because 

patients can administer the medication themselves, improving adherence to treatment [77]. 
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Compared to the IV delivery, the SC route offers a less invasive alternative with significantly shorter 

administration times. Transitioning monoclonal antibodies to SC formats is a strategic priority aimed 

at alleviating the pressure on healthcare systems, lowering costs, and enhancing the quality of life for 

both patients and their families [78]. The substantial share of SC products within the first-in-class 

subgroup (28 out of 42) in our dataset is consistent with this shift, in line with the move toward more 

patient-centric delivery formats for biologics. 

Beyond standard oral and parenteral routes, the innovative products include a number of 15 

that employ mixed administration strategies (e.g., oral plus IV, IV plus SC, IM plus SC,), reflecting 

adaptable delivery designs that aim to pair rapid therapeutic onset with convenient long-term dosing 

(e.g., Sivextro, administered by the IV route for a rapid effect, and by the oral route otherwise) or 

simply alternative ways of administration (for instance Lymphoseek, in the meantime withdrawn 

from the market for commercial reasons, could be administered by intradermal, subcutaneous, 

intratumoural, or peritumoural injection) [79]. These hybrid approaches are commonly selected when 

clinical needs call for an immediate effect followed by sustained management suitable for outpatient 

care [80,81]. Such flexible paradigms are gaining prominence in clinical development and formulation 

science as part of broader efforts to enhance both therapeutic performance and patient adherence 

[81]. 

Specialized administration routes (such as intralesional or subretinal) are predominantly 

utilized for high-innovation therapies or orphan drugs [82,83]; the intranasal delivery has been 

adopted for the live attenuated influenza vaccine, offering distinct advantages compared with 

traditional inactivated, split-virion formulations [84]. This aligns with established research indicating 

that local delivery is the preferred strategy for novel targets or approaches requiring site-specific 

access [85]. Such precision is particularly critical for gene therapies and localized biologics, where 

therapeutic success depends on direct entry into specific tissue compartments. 

Although cutaneous and other local routes represent a smaller share of products, they 

encompass some of the most distinctive delivery innovations. Examples like ocular surface implants 

(which has clear benefits over traditional techniques for occular drug administration) and retinal 

injections for ophthalmic therapies indicate that at least in some cases the administration route can 

itself be a critical component of pharmaceutical innovation for certain therapeutic fields [86–88]. 

4.5. Pharmaceutical Forms 

The range of pharmaceutical forms for the analyzed new products spans various administration 

routes, indicating both traditional drug delivery methods and newer solutions designed to enhance 

bioavailability, safety, and patient convenience. Oral solid and parenteral formulations dominate the 

list, serving as the foundation of pharmaceutical development. Besides, a smaller segment 

corresponds to incremental technological improvements rather than groundbreaking innovations. 

Film-coated tablets are the most popular oral dosage form, representing 98 products, a finding 

that highlights their advantages in both production and patient preference. The coating offers 

multiple benefits: facilitate swallowing and compliance, improves taste by creating a physical barrier 

between the taste buds and the active ingredient, shields the active substance from biological 

degradation or environmental damage, and allows for distinctive branding [89]. With only four non-

coated tablets identified in the dataset, it is obvious that the vast majority of newly approved drugs 

when in tablet form, use tablet coatings, for the mentioned advantages. 

The low number of prolonged-release tablets (only four products) is worth noting. It probably 

reflects the intricate relationship between the pharmacokinetic profiles of novel molecular entities 

and the difficulties inherent in their formulation. On one hand, certain modern drug candidates, 

especially in oncology and immunology but not only, feature narrow therapeutic indices, wide inter-

patient pharmacokinetic variability or particular absorption patterns [90–93], that are less suited to 

controlled-release approaches, as inadequate control of drug release from such formulations may 

lead to diminished therapeutic efficacy or an increased risk of toxicity [94], and such risks are 

considerably higher for drugs with a narrow therapeutic index. On the other hand, creating modified-
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release dosage forms demands significant extra resources in formulation development and clinical 

testing, resources that developers may choose not to allocate during initial approval when standard 

immediate-release versions are sufficient to prove efficacy (and coming later with a prolonged-

delivery solution provides further market advantage). For instance, a recent study estimated that in 

Thailand the R&D costs associated with developing an incrementally modified sustained-release 

drug range between USD 1.5 and 3.0 million when development is limited to Phase I studies, and 

between USD 18.6 and 20.2 million for a full clinical development program [95]. Besides, the 

development of extended-release formulations from initially authorized immediate-release products 

is a widely used strategy in the pharmaceutical industry to prolong the commercial life cycle of 

medicines [96]. 

The predominance of hard capsules (36 products) over soft capsules (4 products) among the new 

products is consistent with the typical physicochemical profiles of the active pharmaceutical 

ingredients. Hard capsules come with strong manufacturing advantages (simplicity and flexibility) 

[97] and are compatible with a broad spectrum of enabling technologies for poorly soluble active 

ingredients, allowing incorporation of multiparticulate systems, liquid and semi-solid fills, 

interactive inhalation blends, and mini-tablet units in a single dosage form [98]. Soft capsules are well 

suited to deliver lipid-based formulations, due to their ability to hold liquids or semi-solids, flexible 

excipient choices, protective sealing, and quick dissolution in the body [99]. 

Parenteral administration presented significantly more varied formulations than the oral route, 

reflecting the key therapeutic areas that have driven recent regulatory approvals. Solutions for 

injection (35 products) remained widely used when chemical stability is achievable, benefiting from 

ease of manufacturing and administration. Yet, the high count of formulations requiring 

reconstitution, including concentrates for solution for infusion (33), powder for concentrate for 

solution for infusion (23), and powder and solvent kits (19) indicate stability challenges associated 

with many new biopharmaceuticals. Many protein therapies, including monoclonal antibodies, face 

challenges in maintaining stability in aqueous media over time [100,101]. The instability of proteins 

in solution, coupled with their general sensitivity, necessitates lyophilization to create stable 

therapeutic products. Freeze-drying (lyophilization) remains the dominant strategy to ensure their 

long-term storage stability, despite additional complexities in manufacturing, distribution, and final 

use [102,103], although similar technologies with anticipated better results are being explored [104]. 

The continued dominance of lyophilized products suggests that emerging alternatives such as liquid 

formulations with novel stabilizers (different families of excipients), those obtained by liquid-liquid 

phase separation or other buffer-free and high concentration formulations [105–107], have not yet 

overcome these stability hurdles for the majority of therapeutic proteins. 

The emergence of pre-filled pens and syringes (generally limited to two or three variants per 

device type in our data set) reflects a shift toward more patient-focused drug delivery. These 

integrated formulations improve adherence, minimize dosing errors, and empower patients to self-

administer treatments for chronic diseases. Their limited adoption, however, indicates they are 

chiefly used for therapies designed for long-term outpatient care, where the higher development 

costs are offset by better health outcomes and competitive advantage. 

Pre-filled pens and syringes (integrated formulations including a drug plus an injecting device) 

are more user-centric and can easily overcome the key challenge associated with the drug delivery 

using parenteral routes: convenience issues, costs and logistics, measurement accuracy, sterility, risks 

associated with the break of the skin barrier etc. They provide a number of key advantages, such as 

ease of use, precise dosing, and reduced medication waste; they also enhance patient safety by 

minimizing needle-stick risks and hazardous drug exposure. By eliminating the overfill required 

with vials, they improve efficiency and are particularly valuable for high-cost or low-volume biologic 

therapies [108,109]. 

The paucity of topical (cutaneous) formulations (4 products) and eye drops (2 products) reflects 

partly the pharmaceutical industry’s strategic prioritization of high-value therapeutic areas such as 

oncology, immunology, and rare diseases, where systemic therapies command premium pricing and 
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address unmet medical needs. It has been recently stated that the widespread belief that 

dermatological drug products offer limited commercial viability has hampered innovation and 

fostered a cautious development strategy. For instance, efforts have largely centered on repurposing 

or reformulating established active pharmaceutical ingredients (APIs) to optimize them specifically 

for topical administration [110]. However, topical and ophthalmic drug delivery routes encounter 

unique physiological obstacles, which may also account for their limited representation. For example, 

eye drops typically achieve very low ocular bioavailability (less than 5%) because of rapid tear 

clearance and drainage through the nasolacrimal duct resulting in a short residence time for the active 

ingredient, as well as corneal resistance, restricting their effectiveness, especially in reaching deeper 

eye tissues [111]. While innovative delivery systems are being explored to address these barriers, the 

inherent pharmacokinetic challenges reduce the likelihood of new active substances being 

successfully developed for topical or ophthalmic use, regardless of therapeutic priorities. However, 

there remains a continuous interest for topical formulations and in the last few years new such 

therapies have been developed in major markets for atopic dermatitis [112], psoriasis [113], and other 

diseases. It should also be kept in mind that although topical/local are of interest for EMA when 

sufficiently innovative, there is a high likelihood that such products are authorized mostly through 

national regulatory routes [114]. 

Many of the products occurring only twice and the 33 products featuring unique formulations 

that appear only a single time in the dataset (“Others” in Table 5), exemplify the forefront of 

pharmaceutical innovation and address highly specialized therapeutic needs. Several patterns could 

be identified among this heterogeneous group: 

• Pediatric-oriented formulations, such as chewable tablets and granules for oral suspension in 

sachets, remain underrepresented despite regulatory incentives for pediatric drug development 

[115]. The limited presence of gastro-resistant dosage forms suggests that few new active 

substances need shielding from gastric acid, or that acceptable bioavailability can generally be 

achieved without enteric protection. This could be a consequence of current discovery efforts 

emphasizing compounds with robust absorption profiles or the deployment of alternative tools 

like acid-resistant prodrug designs. On the other hand, while enteric coating can optimize a 

drug’s stability and release profile, its actual impact on oral bioavailability remains debatable, 

as its effectiveness often fluctuates based on a complex interplay between the drug’s chemical 

properties and the physiology factors such as gastric transit speed and pH fluctuations [116]. 

• Innovative delivery systems, including implants (e.g., Scenesse/alfamelanotide [117]) and 

tissue-engineered therapies (e.g., Spherox, Holoclar) [117,118], are the result of the fusion of 

pharmaceutical innovation and regenerative medicine. While such products are still relatively 

rare, they reflect the rise of personalized [119] and long-acting therapies[120]. Scenesse’s 

implant, which achieves two months of continuous drug release, illustrates how such advanced 

technologies can redefine treatment approaches by minimizing the frequency of administration. 

• While most radiopharmaceuticals approved during this period were formulated as 

conventional forms (such as solutions for injection, included in the products discussed earlier), 

three products were formulated as radiopharmaceutical precursor solutions (two) and a kit for 

radiopharmaceutical preparation. They reflect the unique requirements of nuclear medicine, 

where the radiopharmaceutical precursor must undergo radiolabeling at the clinical site, and 

kits must enable rapid, reliable preparation while maintaining radiochemical purity, labeling 

efficiency, and overall quality of the final radiopharmaceutical [121,122]. The predominance of 

ready-to-use solutions among radiopharmaceuticals indicates progress in developing stable 

formulations that can be centrally manufactured and distributed, as well as improved cold-chain 

logistics and generator-based radionuclides (e.g., 68Ga, 99ᵐTc) [123–125], though the persistence 

of precursors and kits highlights situations where on-site preparation remains necessary, 

particularly due to the short physical half-lives of certain radionuclides or the complexity of the 

associated radiolabeling chemistry. 
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4.6. Orphan Status 

The observation that roughly one third of the products (32.49%) carried an orphan designation 

is consistent with wider trends highlighting the increasing role of orphan medicines in contemporary 

pharmaceutical development. Orphan status is granted to treatments intended for rare diseases, 

which have traditionally benefited of limited treatment options because of limited patient 

populations and reduced profitability. To address this, regulatory initiatives such as the U.S. Orphan 

Drug Act and the European Union’s Orphan Drug Regulation have introduced regulatory incentives, 

such as periods of market exclusivity, fiscal benefits, and regulatory stimuli [126–128]. The sizeable 

share of products with an orphan status within our dataset underscores the effectiveness of these 

measures in encouraging therapeutic innovation for areas of high unmet medical need. 

The relatively small difference among the proportions of first-in-class products in orphan 

(24.5%) and non-orphan (31.6%) designations suggests that major therapeutic innovation occurs with 

similar frequency in both rare and common therapeutic areas, a finding similar to what was reported 

in the US in the same period [129]. This also reflects a commitment of the pharmaceutical industry to 

targeting previously unaddressed therapeutic needs, regardless of disease prevalence. This pattern 

likely stems from progress in fields such as multi-omics, precision medicine and biomarker 

identification, which facilitate the development of more specific and novel treatment approaches 

[130,131]. 

While orphan drugs benefit from regulatory and financial incentives, their high costs and limited 

patient populations can pose challenges for healthcare systems and payers. Orphan drugs frequently 

deliver greater health benefits compared to non-orphan drugs, but their significantly higher prices 

often result in lower cost-effectiveness. This creates a dilemma for healthcare payers, who must 

balance ensuring patient access to these vital therapies with the need to maximize the value derived 

from pharmaceutical expenditures [132]. However, it should be taken into account that traditional 

cost-effectiveness analysis (CEA), primarily based on the cost per quality-adjusted life year (QALY) 

metric, frequently is devoid of the necessary sensitivity for evaluating orphan medicinal products. 

These standard frameworks are often ill-equipped to address the specific complexities of the rare 

disease landscape, particularly the interplay between high acquisition costs, the inherent limitations 

of small clinical datasets, as well as social equity goals, such as prioritizing interventions for patients 

with the greatest medical need [133]. A significant gap between medical innovation and global access 

has been reported, as fewer than 5% of approximately 7,000 rare conditions have authorized 

treatments, and prohibitive costs further restrict use in low- and middle-income countries (LMICs). 

These disparities are rooted in systemic challenges, including financial barriers, inadequate 

diagnostic infrastructure, and a lack of cohesive regulatory oversight [134]. The concentration of first-

in-class innovation in the orphan category underscores the need for continued policy support to 

ensure that breakthrough therapies reach patients who need them, without compromising 

affordability or equitable access. Treatment costs rise sharply as disease prevalence falls, especially 

for ultra-orphan conditions. When generics existed, branded orphan drugs may cost up to 82,000 

times more than their generic equivalents, underscoring generics’ role in improving affordability 

[135]. However, this cost-reduction offered by generics depends entirely on upstream innovation: 

reference products must first be developed and approved before generics can emerge. Although 

various frameworks, including global solidarity funds, regional pooled procurement, and equity-

driven subsidies, have been proposed to harmonize orphan drug access across diverse economic 

landscapes, their operationalization is frequently stalled by localized legal, fiscal, and administrative 

limitations [134]. 

4.7. Limitations 

Although our analysis maps EU pharmaceutical innovation from 2011-2020 in detail, a number 

of limitations should be acknowledged. First, the scope of the analysis was limited to medicinal 

products with NAS approved through the centralized procedure, handled by EMA. Because of this 

limitation, orphan medicinal products based on “old” active substances, despite their potential for 
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meaningful therapeutic innovation (e.g., mercaptamine, which was first authorized within EU in 

1997) were excluded. Besides, innovative therapies authorized via national procedures within EU 

Member States were not included in our dataset. 

A second limitation refers to a certain extent of subjectivity in classification. Classifying 

innovation as “first-in-class,” “advance-in-class,” or “addition-to-class” carries inherent subjectivity, 

especially in assessing clinical advancements or mechanism novelty. Whereas FDA’s Priority Review 

is often used as a proxy for innovation assessment, and the EU PRIME scheme could be used similarly 

for this purpose, none is sufficient in itself for the classification of innovation, as shown above. 

Therefore, the categories here were based on the authors’ expert assessment, informed by scientific 

literature and EPARs. 

To prevent artificial overcounting, we clustered products based on a common active substance 

(authorized simultaneously), including fixed-dose combinations co-authorized with the parent NAS 

in the same month and year as a single product. This mitigates overcounting but might not fully 

capture the pharmaceutical innovation and development resources dedicated to fixed-dose 

combinations. 

A further limitation stems from our geopolitical perspective: innovation status (e.g., “first-in-

class”) was assessed solely from a European regulatory viewpoint. Since global approval dates differ, 

a drug deemed “first-in-class” in the EU may have been a follow-on product elsewhere, as illustrated 

by the nivolumab and pembrolizumab, whose innovative status differ between EU and USA. 

4.8. Future Perspectives and Conclusions 

The trends observed over the evaluated decade, together with early evidence from the current 

one, point to several directions for future research and industry development. Notably, technology 

platforms are expected to continue evolving and improving. The remarkable advances seen in gene 

therapies, siRNA, and ATMPs toward the end of the previous decade are likely to persist. Future 

research is expected to examine whether and to what extent these advanced platforms can extend 

beyond rare diseases into wider therapeutic areas. Artificial intelligence (AI) is expected to reshape 

substantially pharmaceutical innovation across the next decade, revolutionizing every phase of drug 

discovery, development, and delivery. Areas like target identification and validation, de novo drug 

design, clinical trial optimization, drug repurposing, manufacturing and supply chain management, 

personalized medicine, real-world evidence and pharmacovigilance, collaboration and knowledge 

sharing, plus regulatory compliance, could all see major improvements or accelerations through AI 

integration. 

As the boundary between “pioneers” and “followers” becomes increasingly nuanced, there is a 

growing need for robust, objective measures of innovation at both the authorization stage and during 

post-marketing use. We are currently developing a structured metric for initial innovation 

assessment. Post-marketing evaluation is expected to integrate long-term health outcomes, cost-

effectiveness, and other relevant dimensions, moving beyond initial regulatory status or mechanism 

of action. 

Subcutaneous (SC) administration of biologics and the growing popularity of pre-filled devices 

indicate a transition toward increased patient-centered care approaches. It is likely that in the future, 

gradually, pharmaceutical innovation will increasingly focus on developing treatments that lessen 

the load on healthcare systems while improving convenience in administration and adherence for 

patients managing chronic disease. 

With approved treatments available for less than 5% of the over 7000 rare conditions, future 

policy and R&D initiatives must overcome systemic hurdles, such as exorbitant expenses and access 

to appropriate diagnostic equipment, to ensure pioneering therapies are accessible to all patients, 

including those in low- and middle-income nations. 

Our analysis of 364 new medicinal products authorized in the EU from 2011 to 2020 reveals a 

robust and growing innovation pipeline. The EU regulatory landscape stands to benefit from 

adopting efficiencies observed in other jurisdictions; modernizing the regulatory framework to 
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facilitate easier access to accelerated approval tracks could create a more robust innovation 

ecosystem, providing the necessary incentives for companies to prioritize the European market for 

new drug launches. 

Over half (56%) were first-in-class, with breakthroughs concentrated in oncology and 

immunomodulation, antiinfectives for systemic use, alimentary tract and metabolism, and rare 

diseases across different therapeutic areas. Although small molecules are still the most common 

technology, the surge in monoclonal antibodies and the emergence of gene and cell therapies reflects 

a transformative change in the pharmaceutical landscape. 

Moreover, the analysis confirms that innovation extends beyond radical novelty and has 

different degrees; most (84%) new active substances provided at least some degree of therapeutic 

advancement or clinical convenience over the current options. While the industry meets therapeutic 

needs via novel chemical structures or biological approaches, mechanisms of actions and delivery 

systems, a critical future challenge lies in reconciling the costs of such innovation with healthcare 

affordability and global distributive justice in access to the new products. 
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