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Many RNA-based drugs, both vaccines and non-vaccines, are under development or even approved. They include coding mRNAs and non-coding (nc) RNAs among them antisense oligonucleotides (ASOs), small interfering RNAs (siRNAs), micro-RNAs (miRNAs), small activating RNAs (saRNAs), RNA aptamers and RNA guides. According to the European Union (EU) legislation, these products can be currently categorized into different regulatory statuses, depending, for vaccines, on their target (infectious disease or not) and, for other drugs, on how they are obtained (chemically or biologically). This classification is fundamental to the type of marketing authorization (MA), and therefore to the controls to be performed, from preclinical stages through clinical trials to pharmacovigilance, to meet the safety requirements for patients. However, the current rules raise several problems, in particular the risk, because technology is evolving, to have similar RNA drugs being covered by very different legal statuses and the lack of international harmonization. The objectives of this study are (i) to review how RNA medicinal products are currently legally categorized in the EU and especially whether they fall under the status of gene therapy medicinal products (GTMP), a regulatory status belonging to advanced therapy medicinal products (ATMP), (ii) to discuss the issues generated by this classification, with a focus on the heterogeneity of statuses of these products, the differences with the American and ICH definitions and the potential impact on the safety requirements.
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Introduction

While the first mRNA vaccines against an infectious disease have reached the market (1, 2), many other medicinal products with RNA as an active substance (see Table 1), either vaccines against non-infectious diseases or non-vaccine drugs, are under development (3–18) or even approved (19–25).


TABLE 1    Examples of RNA-based drugs currently or formerly on the market or under development.
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Currently, according to the EU legislation, which was written before most RNA products were developed, these medicinal products fall under several different statuses, i.e., vaccines, advanced therapy medicinal products (ATMP), simple biological medicinal products or “simple chemical medicinal products”, depending, for vaccines, on their targets, infectious vs. non-infectious diseases and for non-vaccine drugs, on the type of RNA substance and its production (26–28). However, things are becoming more and more complicated as the current evolution of technology in this field makes it possible to produce similar RNA-based drugs using different approaches.

Few regulatory studies are available to assist in the regulatory categorization of RNA-based medicinal products. They concern mRNA drugs, especially the classification of mRNA-based vaccines against infectious and non-infectious diseases (29) and the regulatory framework of mRNA-based therapeutics (30, 31). To our knowledge, no publication is available for other RNA-based drugs.

The objectives of this study are (i) to review how RNA medicinal products are currently legally categorized in the EU and especially whether they fall under the status of gene therapy medicinal products (GTMP), a regulatory status belonging to advanced therapy medicinal products (ATMP), (ii) to discuss the issues generated by this classification, with a focus on the heterogeneity of statuses of RNA-based medicinal products, the differences with the American and ICH definitions and the potential impact on the security requirements.



The legal statuses of RNA-based medicinal products in the European union

There are currently several products containing RNA on the market, and many are under development, among them mRNA, antisense oligonucleotides (ASOs), small interfering RNAs (siRNAs), small activating RNAs (saRNAs), micro-RNAs (mi-RNAs), RNA aptamers and RNA guides. These medicinal products do not have the same legal status. First, we will remind the rules of classification in these statuses according to the EU legislation, then, we will analyze the statuses of approved or under development RNA-based medicinal products inside the EU.


The possible legal statuses for RNA-based drugs or candidate drugs

According to the EU regulation, the RNA-based drugs can be classified in various specific medicinal product statuses (see Figure 1).


[image: image]

FIGURE 1
Medicinal product statuses according to EU legislation. In gray are represented the statuses in which RNA-based drugs can be categorized.


Medicinal products are defined in the consolidated directive 2001/83/EC (27). They include chemicals and biological products.


Chemicals

Although there is no legal definition of a “chemical medicinal product”, the basis of the EU drug regulation concerns chemical drugs. Over time, new statuses have emerged to implement additional safety requirements, such as biological medicinal products status.



Biological medicinal products

According to the Consolidated Directive 2001/83/EC, Annex I, Part I, §3.2.1.1.b) (27):







	

	“A biological medicinal product is a product, the active substance of which is a biological substance.”





And a biological substance is defined as “a substance that is produced by or extracted from a biological source and that needs for its characterization and the determination of its quality a combination of physico-chemical-biological testing, together with the production process and its control.”

The regulation mentioned four subcategories of biological medicinal products (Figure 1) of which two relate to RNA drugs: Immunological medicinal products including vaccines, and Advanced Therapy Medicinal Products.


Immunological medicinal products and vaccines

According to the consolidated Directive 2001/83/EC cited above (27), Article 1, §4, an immunological medicinal product is defined as “Any medicinal product consisting of vaccines, toxins, serums or allergen products.” As for vaccines, they are defined here as “agents used to produce active immunity, such as cholera vaccine, BCG, polio vaccines, smallpox vaccine.”

The European pharmacopoeia, for its part, defines them as: “preparations containing antigens capable of inducing a specific and active immunity in man against an infecting agent or the toxin or antigen elaborated by it” (32).



Advanced therapy medicinal products

Advanced therapy medicinal products (ATMP) are defined in Article 2 of Regulation (EC) No 1394/2007 as any of the following medicinal products for human use (28):


-a gene therapy medicinal product (GTMP),

-a somatic cell therapy medicinal product (sCTMP),

-a tissue engineered product (TEP).



Among these three statuses, GTMP is the most frequently used status for RNA-based drugs, but sCTMP also represents a possible status.


Gene therapy medicinal products

Gene therapy medicinal products (GTMPs) have been defined in the Annex I, Part IV, §2.1 of the Directive 2001/83/EC consolidated (27).

This definition is complex and involves several criteria (26):


1)the drug must belong to the status of a biological medicinal product. The active substance must therefore be a biological substance,

2)the drug must contain or consist of a nucleic acid, in other words, DNA or RNA, and this nucleic acid must be recombinant,

3)the sequence must be administered to regulate, repair, replace, add, or delete a genetic sequence,

4)the action must be therapeutic, prophylactic, or diagnostic and must be directly dependent on the nucleic acid used.



It should be noted that vaccines against infectious diseases are not included in GTMPs: “Gene therapy medicinal products shall not include vaccines against infectious diseases.”



Somatic cell therapy medicinal products

Somatic cell therapy medicinal products (sCTMP) are also defined in the Annex I, Part IV, §2.1 of the Directive 2001/83/EC consolidated.


1)As for GTMP, this definition is complex and involves several criteria (26): the drug must belong to the status of a biological medicinal product,

2)it must contain a cell or a tissue, both terms having definitions of their own,

3)these cells (or tissues) must either be substantially manipulated or not be intended to be used for the same essential function(s) in the recipient and the donor. In the first case, the concept of “substantial manipulation” is particularly important and examples are cited: “Examples of substantial manipulations include cell expansion (culture), genetic modification of cells, differentiation/activation with growth factors” (26).



These different regulatory statuses of drugs correspond to as many different controls. Biological drugs require specific controls compared to “chemical” drugs, as their size and inherent variability require the use of advanced analytical methods (e.g., peptide mapping, mass spectrometry…) to study their physicochemical and functional properties, such as molecular structure, protein modifications and biological activity (33, 34). In addition, their biological nature makes them susceptible to contamination by adventitious agents (viruses, bacteria, fungal agents, prions, etc.) requiring a control strategy to ensure their absence. Vaccines, immunological drugs that belong to the class of biological drugs, also have even more specificities (see “mRNA-based vaccines”), but it is especially the ATMPs that have additional requirements aimed at limiting the risks, thus for GTMP it is necessary to test the capacity of integration of the nucleic acid sequences in the genome, the functionality of these sequences, the risk of oncogenicity, etc. If viruses are used for the delivery of nucleic acids, the replication capacity of the viruses or microorganisms used in vivo must be tested. For sCTMP or if cells are used in GTMP, the origin of the cells (autologous, allogeneic, xenogeneic), the capacity to proliferate and/or differentiate and to induce an immune response, the level of cell manipulation, the combination of cells with bioactive molecules or structural materials, etc. must be controlled (35).






The different RNA-based medicinal products and their statuses inside the European union

Among the medicinal products containing RNA, there are currently seven types of drugs that can be further subdivided into subcategories (see Figure 2):
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FIGURE 2
Classification of RNA-based drugs.



•mRNA

•non-coding RNAs


-Antisense oligonucleotides (ASOs)

-Small interfering (si) and micro (mi)-RNA (RNA interference, iRNA)

-Small activating RNA (saRNA)

-RNA aptamers

-RNA guides (gRNA)





Some of these drugs have already been approved and many are under development (Table 1).

For each type, we will discuss the legal status according to the EU legislation.


mRNA medicinal products

Among medicinal products containing mRNA, we can differentiate different subcategories:


•the general case for mRNA in therapeutics,

•3 specific cases:




[image: image]mRNA-based vaccines,

[image: image]mRNA-based cell therapies as “therapeutic vaccines” against cancer,

[image: image]mRNA-based CAR-T cells.




General case for mRNA in therapeutics

The Committee for Advanced Therapies (CAT; This advisory committee, which reports to the EMA, is responsible for providing non-binding opinions on ATMPs, including their classification) has ruled that an mRNA meets the definition of a gene therapy medicinal product (GTMP) (36). In fact, several mRNAs have been classified by the CAT as GTMPs. Such mRNAs allow the synthesis of a protein such as the human glucose debranching enzyme, which is used in the treatment of glycogen storage disease III (GSD3) (18) or an antibody.

Indeed, these mRNAs are biological medicinal products as they are produced from a biological source, e.g., a DNA plasmid in vitro transcribed by recombinant enzymes. Moreover, the mRNA produced in this way is considered as a recombinant nucleic acid. This point will be further discussed paragraph “The classification of some RNA-based medicinal products in the GTMPs emphasizes the need for a definition of the term “recombinant” and an extension to other genetic techniques.” Finally, from the CAT’s point of view, the administration of mRNA corresponds to “the addition of a genetic sequence” (this is the justification given in the case of the drug for treating a glycogen storage disease) and its therapeutic action depends directly on the nucleic acid used.



mRNA-based vaccines

Although mRNA-based vaccines coding for pathogens or tumor antigens can be directly injected either to prevent or treat infectious diseases or to treat cancers, according to the EU, these two kinds of vaccines are not categorized under the same status. Indeed, there is a regulatory prohibition on including mRNA-based vaccines against infectious diseases, but not “cancer vaccines,” in the scope of GTMPs, making the term “cancer vaccines,” that is used in the scientific community (37–40), an invalid term when used in a regulatory context in the EU (31). In order to avoid misinterpretation, due to the frequent use of the term “cancer vaccine” in the literature, it is likely that the legislator intentionally used the wording “vaccines against infectious diseases” in the exclusionary phrase, otherwise the legislator would have used the term “vaccine” only.

The question of why vaccines against infectious diseases have been excluded is difficult to answer with certainty. Vaccines belong to the category of immunological medicinal products. The definition specifies that they are: “agents used to produce active immunity, such as cholera vaccine, BCG, polio vaccines, smallpox vaccine” (27). The vaccines listed in the definition are all vaccines intended to prevent an infectious disease. Although these are only examples, they do not include therapeutic mRNA-based “vaccines” against cancers. This could be explained by the fact that the definition has not changed since 1975, a period when there was no cancer “vaccine.” However, the exclusion text in the more recent GTMPs definition specifies “vaccines against infectious diseases” and not just “vaccines.” In the same spirit, the definition of vaccines given by the European pharmacopeia, provides that a vaccine produces active immunity in man against an infectious agent (32). But this one, which is revised very regularly, does not include cancer “vaccines” in its definition.

Another explanation suggested by Hinz (29) and by Nappi and Galli (31) is that vaccines against infectious diseases are prophylactic although “vaccines” against cancer are curative. While this could be an important justification, it should not be forgotten that HIV vaccines are therapeutic vaccines, especially as mRNA-based HIV vaccines are under development (41). Moreover, some vaccines have been excluded from the scope of ATMP by the CAT, because they act on infectious diseases, when they are not prophylactic but curative (42).

Two other explanations concerning public health could explain the special place of vaccines against infectious pathogens. The first relates to the target population: a very large healthy population, mostly including children. The second, which is a consequence of the first, is the specific regulation of vaccines, adapted to this mass use of a drug in a population. Let us mention the possibility, given by Article 114 of the consolidated Directive 2001/83/EC, for a Member State, in the interest of public health (“immunological medicinal products used in public health immunization programs”), to require the holder of an authorization for marketing to “submit samples from each batch of the bulk and/or the medicinal product for examination by an Official Medicines Control Laboratory” (OMCL). The competent authorities issue a “Batch Release Certificate” when the results are satisfactory. This is known as “Official Control Authority Batch Release” (OCABR).

In conclusion, it is clear that the specification “against infectious diseases” is especially important as vaccines that induce immunity to an infectious disease are excluded from GTMP scope, while mRNA-based “therapeutic vaccines” which are directly injected and induce immunity to a non-infectious disease will be considered as GTMP since they follow the criteria developed in paragraph a). This classification involves different constraints for development and marketing as only GTMP categorization requires specific tests specially to assess genome integration. This point will be discussed more generally for all RNA-based drugs in paragraph “The different RNA-based drug statuses between the EU and the USA need to be harmonized”.



mRNA-based cell therapies as “therapeutic vaccines” against cancer

Besides mRNA-based cancer “therapeutic vaccines” which are directly injected in patients, another approach consists in injecting autologous dendritic cells (DCs) which have been loaded ex vivo with in vitro transcribed mRNA coding tumor antigens.

Such a case was submitted to the CAT. In this instance it was an autologous dendritic cell immunotherapy consisting of autologous mature DCs co-electroporated with the in vitro transcribed autologous renal cell RNA and CD40L RNA. The EMA/CAT considered that the product falls within the definition of a sCTMP (43). According to the CAT, the product is considered not to comply with the complete requirements for a GTMP as the claim that mRNA in this case is administrated “with a view to adding a genetic sequence” is not fulfilled. The explanation is that the mRNA is probably no longer present at the time of the administration to the patient. Indeed, some authors, have hypothesized that because of the short half-life of mRNA in the modified cells, probably little or no residual mRNA will remain inside the cells administered to the patients. Indeed, in this particular case, the mRNA is used in the manufacturing process and is no longer part of the final product. The same would have been true if, instead of using mRNA, an antigenic protein had been used. So, for them, this can’t be considered as a GTMP (44). Moreover, the action of the drug depends not directly on the mRNA, but on the cells that have been modified. So, the product was categorized as a sCTMP as the injected cells had undergone a so-called substantial manipulation.

Of note, if the mRNA had not been a non-replicating mRNA, but a self-replicating (self-amplifying) mRNA construct, the half-life of RNA would have been far longer (45), resulting in the presence of mRNA in the electroporated cells at the time of injection. So, in this case, still hypothetical to our knowledge, the drug would be classified as a GTMP.



Specific case of mRNA-encoded chimeric antigen receptor

Another immunotherapy approach in cancer is based on the redirection of T cells against tumor cells by stable integration of a chimeric antigen receptor (CAR) which recognizes tumor antigens independently of MHC. Current CAR-T cells, which are genetically modified by adding DNA ex vivo, are classified as GTMP. The previous decision concerning DC has strong implications since there are CAR-T cells under development that are modified using ex vivo mRNA electroporation (7, 8). As seen above, we should consider that they should be classified as sCTMP.

Moreover, a new strategy is under development to generate transient CAR-T cells in vivo using mRNA lipid nanoparticles (9). In this case of in vivo transcribed RNA, the status would not be a sCTMP, but GTMP. Indeed, here, the mRNA is directly injected to the patient and in such a case, the administration of mRNA corresponds to “the addition of a genetic sequence” and its therapeutic action depends directly on the nucleic acid used.

Thus, depending on the methodology, ex vivo electroporated T cells with CAR mRNA or in vivo targeting of T cells with CAR mRNA, the drug can be either a sCTMP or a GTMP. This difference in status, which at first glance may seem surprising and inconsistent, is justified. Indeed, the controls to be carried out are very different; the production, the logistics inherent in the latter and even the administration of cell-based drugs involve very different controls compared to the production of drugs based on mRNA encapsulated in lipid nanoparticles (LNPs). Moreover, the controls exerted before administration cannot be the same: for example, while it is easy to control the protein translation of mRNA in a cell manipulated ex vivo before its administration to the patient, this is very complex if the mRNA is injected in vivo through LNPs. In the latter case, it is very difficult to know if the translation was efficient and did not generate errors.




Non-coding RNA: Antisense oligonucleotides, small interfering RNAs, micro-RNAs and small activating RNAs (46–48)

Antisense oligonucleotides are short nc single-stranded (ss) RNA sequences that modulate gene expression by binding to pre-mRNAs or mRNAs and acting by either occupancy-induced (pre)-mRNA RNase degradation or by occupancy-only mechanisms (steric blocking). They can also modulate RNA splicing to produce functional or preferred genetic products.

Both small interfering RNAs (siRNAs) and microRNAs (miRNAs) which mimic natural miRNAs are short nc double-stranded RNAs that modulate mRNA expression in the cytoplasm. They recognize target transcripts via the RNA-induced silencing complex (RISC) leading to translation inhibition or mRNA cleavage. The development of miRNAs is less advanced than that of siRNAs.

Small activating RNAs (saRNA) are nc short double-stranded oligonucleotides that have the same structure as siRNAs, however, their biological function is totally different (47, 49). Indeed, saRNAs act in the nucleus, induce transcription and increase gene expression by targeting gene promoters (47, 50).

As far as we know, ASOs, siRNA, miRNA and saRNA are currently chemically synthesized. Thus, they are not biological medicinal products, and they can’t by classified in ATMPs. They can only pretend to the status of “chemical” (“simple”) medicinal products.

However, bioengineered si- or miRNA (biological-bioengineered RNA agents called BERAs) aiming at better mimicking physiological si- or mi-RNA molecules (46, 51) are in development. These BERAs seem to better capture the structure, function, and safety properties of natural RNAs (52), probably avoiding the toxicity induced by excessively chemically modified RNA and/or the lack of necessary posttranscriptional modifications occurring in natural RNAs (53). The development of this technology raises the question of the categorization of drugs having the same mechanism of action but being produced chemically or biologically.



RNA aptamers

RNA aptamers bind to and inhibit a wide variety of targets (including proteins, peptides, DNAs, RNAs) by virtue of their tertiary structure. They are produced by chemical synthesis and thus categorized as simple medicinal products (46, 51).



RNA guides/CRISPR Cas9 nuclease

The CRISPR/Cas9-based genome editing and therapy based on exogenous guide RNA and foreign Cas nuclease CRISPR-Cas9 is revolutionizing gene therapy. CRISPR-Cas9 is a complex, two-component system using a short guide RNA (gRNA) sequence to direct the Cas9 endonuclease to target a gene. While the guide RNA is produced mainly by chemical synthesis, it is the nuclease that determines the status of the drug, i.e., either a biological medicinal product when it is injected as a recombinant protein or a GTMP when it is produced by in vivo injection of mRNA (54).

In conclusion, RNA-based drugs are categorized in different statuses depending on their targets (vaccines against infectious disease), whether they are loaded ex vivo (CAR-T cells, dendritic cells), or for ncRNAs, on their production (chemical or biological). Concerning the latter, the evolution of technology makes things more complex, as similar RNA drugs may be classified in different statuses. This raises the question of the relevance of controls for development and marketing. In order to help to categorize RNA-based drugs according to the current rules, we propose a flowchart (see Figure 3).
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FIGURE 3
Proposed flowchart to facilitate the categorization of RNA-based medicinal products according to the current EU rules.






Critical issues in the categorization of RNA-based medicinal products: Actionable recommendations


Issues or questions when confronting RNA-based medicinal products with the definition of gene therapy medicinal products


RNA-based medicinal products question the relevance of maintaining the current European union definition of a biological medicinal product

In theory, a drug containing a chemically synthesized RNA cannot claim the status of a biological drug, and therefore in extension of a vaccine or a GTMP. In the case where some RNA could be both chemically and biologically synthesized, this could lead to having two medicinal products with the same indication and the same composition (with the only difference being the source of the RNA), but which would not have the same status at all. This would be problematic and cruelly lacking in consistency. Thus, CAT explained: “long chain mRNAs cannot yet be produced via chemical synthesis. However, when this becomes possible, the regulatory status of such synthetic RNAs needs to be considered, as it should be avoided to have similar products being covered by different legal frameworks” (36).

In order to overcome this problem, the EMA, like the European Commission, considers that “RNA derived products should be considered as biologicals, even if not derived from a biological source” (55). This consideration was given in the context of COVID-19 vaccines, and it can only concern a priori mRNA technology. Consequently, whatever the mode of production of mRNA, biosynthesis or chemical synthesis, RNA, given its nature and properties, could be considered a biological substance. The CAT is aware that this position should be discussed since it “would extend the ATMP definition also to synthetic RNAs (such as small interfering RNAs) or synthetic DNA oligonucleotides” (55).

Of note, as indicated above, new approaches to produce bio-engineered si- or mi-RNAs are already a reality (see BERA, paragraph “Non-coding (nc) RNA: ASOs, siRNA, miRNA and saRNA”). They will probably lead to a new class of iRNA molecules, similar to chemical iRNAs but which should be categorized as biological medicinal products and thus possibly as GTMPs. Therefore, according to CAT, considering RNA as a biological substance could prevent categorizing similar RNA drugs in very different statuses, depending on their mode of production. But one should be aware that this change in classification would not be without consequence since, if GTMP status is retained, these RNA-based drugs would then have to follow the very specific GTMP regulations (see below).

This type of problem highlights the possible inadequacy of the European definition of a biological medicinal product. Indeed, it seems that the current definition of a biological medicinal product is no longer consistent with the scientific reality. Some products would deserve to be placed under the status of a biological medicinal product so that they can undergo the appropriate controls to ensure the protection and safety of patients.

A modification of the definition of a biological medicinal product, which is fundamental because it conditions its potential categorization in the GTMP status, so that it is no longer only based on its biological source but possibly on its control, would resolve this issue and avoid complex situations where the EMA and the European Commission have to issue numerous ad hoc rules, creating a sort of regulatory patch, to fit this or that product into the existing regulatory categories.

Thus, a biological medicinal product should be a medicinal product whose active substance:


•is produced or extracted from a biological source



and/or


•needs for its characterization and the determination of its quality a combination of physico-chemical-biological testing, together with the production process and its control.





The classification of some RNA-based medicinal products in the gene therapy medicinal products emphasizes the need for a definition of the term “recombinant” and an extension to other genetic techniques

There is no legal definition of recombinant nucleic acid. According to the spirit of the Regulation (EC) No 1394/2007 and some CAT recommendations, it seems that the word “recombinant” should be understood as an artificial recombination of nucleic acids. For example, a chimeric adenovirus obtained “simply” by a process of bio-selection is not an ATMP since it was not manipulated and therefore the therapeutic action is not mediated by any recombinant nucleic acid (56).

We can also refer to the definition of “recombinant techniques” in Directive 2001/18/EC on the deliberate release into the environment of genetically modified organisms: “recombinant nucleic acid techniques involving the formation of new combinations of genetic material by the insertion of nucleic acid molecules produced by whatever means outside an organism, into any virus, bacterial plasmid or other vector system and their incorporation into a host organism in which they do not naturally occur but in which they are capable of continued propagation.”

Of note is that the US definition of recombinant nucleic acid is: “molecules that (a) are constructed by joining nucleic acid molecules and (b) that can replicate in a living cell.”

Currently, the CAT considers that messenger RNAs (mRNA) that are produced biosynthetically (transcribed in vitro from a DNA template) fulfill the definition of a GTMP, and so are considered as recombinant whatever they are self-replicating or not.

So, it seems that a nucleic acid is said to be recombinant if it is the result of a laboratory assembly of nucleic acids. Currently, in the case of mRNA drugs, it is safe to say that they should be recombinant, because of the way they are produced. Indeed, mRNAs produced by in vitro transcription are most generated using a plasmid DNA template. The question is if the DNA template is PCR products or synthetic oligonucleotides.

This could be solved by modifying the definition to include synthetic nucleic acids.




The different RNA-based drug statuses between the European union and the United States need to be harmonized

For both the EU and the USA, the biological origin of the drug matters, so ASOs, siRNA, miRNA, saRNA and aptamers, which are chemically produced, are considered as “chemical drugs.”

The problem is rather with mRNA because of the differences in the definitions of GTMP between the EU and the USA.

According to FDA guidance, gene therapy is defined in the United States as: “a medical intervention based on modification of the genetic material of living cells. Cells may be modified ex vivo for subsequent administration to humans or may be altered in vivo by gene therapy given directly to the subject. When the genetic manipulation is performed ex vivo on cells which are then administered to the patient, this is also a form of somatic cell therapy. The genetic manipulation may be intended to have a therapeutic or prophylactic effect or may provide a way of marking cells for later identification. Recombinant DNA materials used to transfer genetic material for such therapy are considered components of gene therapy and as such are subject to regulatory oversight” (57).

The US definition only evokes the possibility of using recombinant DNA, whereas the European definition evokes the use of recombinant nucleic acid (which can therefore refer to both DNA and RNA). So, in the US, mRNA technologies should not be considered as gene therapy.

This divergence results most likely from a different vision of gene therapy. In fact, the FDA relies mainly on the mechanism of action to define gene therapy, which requires an interaction with human DNA in the nucleus (58). Conversely, the EMA seems to focus on the composition of the drug (recombinant nucleic acid), and does not take into account the modification of DNA in the nucleus or even the durability of the modification over time (59).

So, such differences resulting from different visions of what mRNA and gene therapies are, lead to discrepancies in the status of products marketed on either side of the Atlantic. Indeed, as seen above, an mRNA-based drug will be a GTMP in Europe (except for a vaccine against infectious disease) while it will not be so in the USA (of note in the USA, mRNA vaccines against infectious diseases are also categorized as vaccines).

This divergence has consequences in terms of requirements for the Marketing Authorization to ensure the safety and security for patients (see below).

The solution could come from the ICH which is in charge of harmonizing the MA files and requirements between its members. A draft of the ICH guideline S12 gives a definition of gene therapy that is quite far from the European and US definitions (60).

The ICH, in its S12 guideline (still in draft form at this time) has introduced a singular definition of medicinal products for gene therapy: “Gene therapy (GT) products within the scope of this guideline include products that mediate their effect by the expression (transcription or translation) of transferred genetic materials. Some examples of GT products can include purified nucleic acid (e.g., plasmids and RNA), microorganisms (e.g., viruses, bacteria, fungi) genetically modified to express transgenes (including products that edit the host genome), and ex vivo genetically modified human cells. Products that are intended to alter the host cell genome in vivo without specific transcription or translation (i.e., delivery of a nuclease and guide RNA by non-viral methods) are also covered in this guidance.”

So, this definition could resolve the question of the heterogeneity of similar RNA-based drugs being produced by a chemical or biological approach as the mode of production is not mentioned neither the question of recombinant nucleic acids. However, ncRNAs which do not mediate their effect by the expression (transcription or translation) of transferred genetic materials and do not alter the host cell genome are still not considered gene therapy whereas, according to the EU definition, they could be in the case where they are biologically produced and recombinant (BERAs).

Concerning ex vivo genetically human modified cells, they are also considered gene therapy in the ICH definition. This could resolve the question of the different statuses for CAR-T cells depending on the strategy used to prepare them (see paragraph “Specific case of mRNA-encoded Chimeric Antigen Receptor”).

Finally, direct in-body gene editing using CRISPR/Cas9, fall within the scope of the proposed ICH regulation whatever, once again, is the approach. Whereas according to EMA/CAT nanoparticles containing the gene editing components (CRISPR/Cas9 and the single guide RNAs) intended for the treatment of Recessive Dystrophic epidermolysis bullosa, do not fall within the definition of ATMP as the product does not contain an active substance which contains a recombinant nucleic acid administered to human beings with a view to regulating, repairing, adding, deleting a genetic sequence (18).

In conclusion, this definition simplifies the categorization of mRNA-based drugs compared to the EU regulation and allows harmonizing the EU and US regulations, as it does not consider the origin of RNA. It also solves the question of genetically modified cells and of genome-editing methods (see Figure 4). However, it does not include nc RNA-based drugs which can be produced chemically or biologically. This point deserves to be addressed.
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FIGURE 4
Proposed flowchart to facilitate the categorization of RNA-based medicinal products according to the ICH rules project.





Discussion

According to the EU legislation, RNA-based drugs fall under several different statuses depending, for vaccines, on their targets – infectious vs. non-infectious diseases – and for non-vaccine drugs, on the type of RNA substance and its production. For vaccines, although subject to discussion, the target criterion is easy to use for classification. Moreover, it is harmonized with the US legislation. On the contrary, for non-vaccine RNA-based drugs, the current evolution of technology in this field and the possibility to produce similar drugs using different approaches, make it necessary to amend the legislation to avoid similar products being covered by different legal frameworks. In particular, a clarification of the definition of a biological medicinal product considering not only the biological source of the product but its physico-chemical-biological control, and of a recombinant nucleic acid, could solve some problems. However, such modifications, in addition to not solving all the problems, do not address the issue of the international harmonization which is necessary. Indeed, there are currently major differences between the EU and the US legislations. In this respect, the proposed definition of a gene therapy product by the ICH represents an important step forward. The question of nc RNA-based drugs which are not concerned by this proposition should, however, be discussed with regard to the most important criterion to consider for a gene therapy drug, i.e., safety and protection of patients. According to the EU, GTMPs require specific tests or trials to evaluate the risk of germ-line transmission, insertional mutagenesis, tumorigenicity, and embryo/fetal and perinatal toxicity and, according to article 15 of Regulation 1394/2007 (28), GTMPs have an obligation to provide safety and efficacy data for 30 years after the expiry date of the drug, what is beyond the requirements of the classical pharmacovigilance.

In the case of RNA-based drugs, the question is that of the relevance of these stringent tests to assess the consequences of a possible integration of the administrated RNA in the cell genome following its retro-transcription into cDNA. Retro-transcription of RNA, independently of a retroviral retro-transcriptase (RT), may involve retrotransposons LINE-1 (long interspersed element-1), which are remnants of ancient retroviral infections containing endogenous RT; they represent about 17% of the human genome, among them few copies are active. These elements predominantly transpose their own copies; however, they can also promote the retrotransposition of other cellular RNAs, including short interspersed elements (SINEs) and less commonly, small nuclear non-coding RNAs and mRNA (61–66). Although this possibility is considered rare and the risk for an RNA-based drug to integrate has not yet been reported, it must be noticed that higher level of activity of transposable elements has been reported in some diseases, especially in cancer (66) or in viral infection (67). Thus, in the current state of knowledge and given the high potential of development of RNA-based drugs, this scientific issue should be considered from a regulatory point of view and confronted with a possible application of the precautionary principle that enables decision-makers to adopt precautionary measures when scientific evidence about human health hazard is uncertain and the stakes are high (68). Therefore, RNA-based drugs which are not categorized GTMPs such as mRNA vaccines and ncRNA should at least be subject to specific guidelines.

Thus, while the international harmonization proposed by the ICH seems inevitable and desirable, it will not solve all the problems of categorization. The forthcoming revision of European regulations, which should incorporate the ICH definition, could lead to a greater clarity in categorization, but vigilance will be required, since a minor change in the regulations could have unexpected cascading repercussions on future and past categorizations. The notion of primum non-nocere should therefore be applied in regulatory matters.

One solution could come from drafting specific guidelines for RNA drugs. These guidelines could go beyond the differences in categorization and thus be applied across the board. Logically, they should make it possible to establish specific safety rules, particularly if two identical but differently produced RNAs are placed on the market.

In addition to the guidelines already applicable according to the legal categorization, such guidelines could also ensure the safest possible development, by integrating the appropriate toxicological studies according to the risk of oncogenesis, integration, cell migration, etc.

As far as production is concerned, the guidelines in force provide numerous guarantees, and the notion of risk-based approach (for ATMPs) allows for the closest possible adaptation to each medicinal product profile. However, specific guidelines for verifying the sequence produced and the three-dimensional conformation could perhaps prove useful.

Finally, specific guidelines for vigilance could be interesting, in particular to ensure long-term monitoring. The reinforcement of the follow-up of chemically produced RNAs should be considered.



Conclusion

The regulation of EU RNA-based medicinal products is very complex, and this is likely to become more pronounced with the evolution of technology. Moreover, there are profound disparities between the EU and the US classifications.

The current EU regulation raises the question of a biological medicinal product which should be modified to consider not only the biological source of the product but its physico-chemical-biological control to include all RNA-based drugs whatever their production.

Considering RNA-based drugs and gene therapy, the ICH definition proposal should allow simplification and harmonization between the EU and US regulations for mRNA-based drugs, among them mRNA-based cell therapies as well as for gene-editing therapies and facilitate marketing. However, it will not solve all the issues related to RNA-based drugs, especially since some of them are not covered by the definition, such as mRNA vaccines and ncRNA. Therefore, the drafting of specific guidelines could ensure patient safety by imposing specific controls.
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