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Abstract
Somatic gene therapies may be authorised for marketing in the EU under the advanced therapy medicinal product regulation.
These therapeutic compounds are sufficiently novel and complex in their potential effects to require specialist evaluation.
However, the current definition of gene therapy medicinal products (‘GTMP’) risks excluding molecules which are not
manufactured through techniques involving recombination. We consider the way, in which the ‘recombinant nucleic acid’
aspect of the GTMP definition is challenged by developments in gene-editing technology, and why a broader scope of
GTMP regulation may be desirable.

Introduction

While human germline gene-editing is prohibited under the
EU clinical trials regulation [1], somatic (apparently non-
heritable) modification techniques have already received
marketing authorisation from the European Commission.
Cornel et al. consider how somatic gene-editing will be
evaluated as gene therapy medicinal products (‘GTMPs’)
under the advanced therapy medicinal products (‘ATMP’)
regulation [2], concluding that this pathway will be difficult
for novel therapies to navigate [3]. An additional, important
consideration is whether gene-editing molecules will qua-
lify as GTMPs in the first place.

In-body gene therapy has been a clinical reality since the
FDA approved Luxturna in 2017 [4]. The European Med-
icines Agency (‘EMA’), which coordinates scientific eva-
luation of new therapies on behalf of the Commission, has
published a number of favourable recommendations of
products, which alter genetic material within the human
body [5]. The difficulty with this trend, however, is that
some in vivo products may not fall within the definition of a
GTMP. A GTMP is defined as containing, or consisting of,

‘recombinant nucleic acid’, but it is far from clear that
nucleic acids within CRISPR will always be produced by
recombination, and protein-based molecules such as zinc
finger nucleases or TALENS could be out of scope alto-
gether if they do not include any nucleic acid. If therapeutic
gene-editing compounds fall outside the definition of a
GTMP, they would have to be reviewed outside of the
specialised scrutiny of the ATMP regulation.

Methods and materials

See Supplementary material, Box 3.

Results and discussion

The definition of a GTMP which can be aggregated from the
ATMP regulation and the Medicinal Products Directive is:

(1) A biological medicinal product, i.e. its active substance
must be a ‘biological substance’. A biological substance
is defined as one produced by or extracted from a
biological source [6];

(2) This active substance must also contain or consist of a
recombinant nucleic acid used in or administered to
human beings with a view to regulating, repairing,
replacing, adding or deleting a genetic sequence, and

(3) It must have a therapeutic, prophylactic or diagnostic
effect, which relates directly to the recombinant nucleic
acid sequence it contains, or to the product of genetic
expression of this sequence [7].
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To stretch the term ‘recombinant nucleic acid,’ as used in
this definition, to cover all in vivo gene-editing is proble-
matic, as it is by no means inevitable that the active nucleic
acid will be produced through the ‘recombination,’ and
some gene-editing molecules and vectors will not contain
nucleic acid at all.

For example, CRISPR could be delivered as a ribonu-
cleoprotein—i.e. a recombinant protein and synthetic guide
ribonucleic acid. This RNA could be produced via in vitro
transcription [8], a ‘template’-based synthesis that would
not fit the description of recombination in EU law, i.e.:

‘techniques involving the formation of new combinations
of genetic material by the insertion of nucleic acid mole-
cules 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 con-
tinued propagation [9].’

The above definition is taken from the Directive gov-
erning Genetically Modified Organisms. The European
Commission has acknowledged that some advanced thera-
pies may contain or consist of GMO’s [10], and the pro-
visions of this Directive would also apply to any such
products released or placed on the market, meaning its
definitions are relevant for ATMP’s.

While any form of synthesis would form ‘new combi-
nations of genetic material,’ it is the definition’s require-
ment for this formation to be via ‘the insertion of nucleic
acid molecules produced by whatever means outside an
organism’ which sets the legal definition of recombination
apart from nucleic acid synthesis in general. This is a dis-
tinction recognised in the US National Institute for Health
(‘NIH’) guidelines:

‘recombinant and synthetic nucleic acids are defined as:

i. molecules that (a) are constructed by joining nucleic
acid molecules and (b) that can replicate in a living
cell, i.e., recombinant nucleic acids;

ii. nucleic acid molecules that are chemically or by other
means synthesised or amplified, including those that
are chemically or otherwise modified but can base
pair with naturally occurring nucleic acid molecules,
i.e., synthetic nucleic acids [11],

The NIH’s definition reflects the conventional use of the
word ‘recombinant’ to mean recombined following the
insertion of, or joining together with, another nucleic acid
[12]. It also reflects the CJEU’s treatment of CRISPR-style
modification as ‘mutagenesis’ in their Confederation Pay-
sanne [13] judgement:

The Court of Justice of the European Union dealt with a
request for a ruling as to whether organisms manipulated by
‘new methods of mutagenesis’ (the term used to refer
collectively to gene-editing compounds such as CRISPR)
qualified as Genetically Modified Organisms (‘GMO’s).

The Court reviewed the GMO Directive’s list of qualifying
techniques, which includes recombination. They noted (at
paragraph 34 of their judgment) that this list did not include
new methods or techniques of mutagenesis. Nevertheless,
they held that the GMO Directive could apply as this list
was not exhaustive.

By confirming that new methods of mutagenesis were not
included in this list, even though recombinant nucleic acid
techniques are listed therein, the Court drew an implicit
distinction between the two.

The Confederation Paysanne judgement thus places
gene-editing compounds in the category of mutagenesis, as
opposed to recombinant nucleic acid techniques that make
up the older generation of modifications, sometimes referred
to as ‘transgenesis’ instead [14]. The distinction is impor-
tant: if genes are therapeutically altered by anything other
than a nucleic acid produced by recombination, the product
in question should not fall within the definition of a GTMP.
As in vivo gene-editing molecules are not cells, they could
not be treated as somatic cell or tissue engineered therapies,
and so consequently would fall out of scope of the ATMP
regulation altogether, and thus outside of the particular
scrutiny reserved for Advanced Therapy Medicinal Pro-
ducts. It is possible that the ‘recombinant’ criterion is not
always applied in practice. Box 2 provides an example of a
product designated a GTMP within a scientific recommen-
dation even though it is not clear whether recombination
was involved (see Supplementary material).

Regardless of the logic in this instance, it is foreseeable
that active nucleic acid in a gene-editing molecule may not
be formed through recombination, or delivered by a
recombinant vector. Stretching the law to make the defini-
tion fit in such cases would only create confusion, uncer-
tainty and inconsistency with the GMO Directive.

Furthermore, protein-based molecules, zinc finger
nucleases and TALENs would not contain nucleic acids
(recombinant or otherwise), and could, in theory, be
delivered using a non-viral vector such as lipid nano-
particles [5], in which case neither the molecule nor the
vector could be said to be producing a therapeutic effect
directly related to a recombinant nucleic acid, and the
compound would clearly fall outside the GTMP definition.
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The ATMP procedure is intended to be compulsory for
advanced therapy medicinal products in order to ‘overcome
the scarcity of expertise in the Community, ensure a high level
of scientific evaluation of these medicinal products [15]’. The
narrow definition of GTMPs currently embodied in the
ATMP regulation, as inherited from the Medicinal Products
Directive, does little to ensure coverage of all compounds,
which may be used for in-body human gene-editing. The
NIH’s definition could provide a starting point for broadening
the gateway into GTMP regulation, so these new therapies are
not left to patchwork-regulation at Member State level.

Conclusion

The definition of a GTMP should be as future-proof and
technology neutral as possible. By specifying how a GTMP
should be produced, the ATMP regulation risks excluding from
consideration molecules produced by other means but which
carry out similar functions, and carry therapeutic risks which
require the same level of expert consideration. While it has
been part of the Commission’s action plan on ATMPs to reflect
on emerging technologies in gene-editing [16], it is not clear
whether the GTMP definition will be broadened to include
in vivo gene-editing. The US National Academy of Sciences
has recommended the use of existing gene therapy review
mechanisms for somatic gene editing [17]; it would be helpful
to clarify whether this should also be the case within the EU.
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