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The World Health Organization (WHO) assigns International Nonproprietary Names (INN) to pharmaceutical
substances, including advanced therapy medicinal products, to ensure that each substance is globally recog-
nized by a unique name. The majority of INN are published in the WHO Drug Information in accordance with
the nomenclature rules of the International Union of Pure and Applied Chemistry. However, advanced ther-
apy medicinal products, and in particular cell therapy and cell-based gene therapy substances, cannot be
defined by such chemical nomenclature. Instead, they are published together with a textual definition para-
graph to unambiguously describe their characteristics. These definitions are an integral part of the INN
nomenclature system, and their presence contributes to pharmacovigilance and patient safety, as they help
to distinguish regulated substances from cell-based interventions that have no INN and are marketed with-
out regulatory oversight. Particular attention is therefore allocated to these descriptive paragraphs, as they
form the basis for defining the uniqueness of a particular cell substance. This review describes the INN
nomenclature system for cell-based substances and focuses on the progress made by the WHO INN Pro-
gramme to develop and harmonize these definition paragraphs, which is reflected in a newly revised INN
application form for cell therapy substances.
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Introduction

The International Nonproprietary Names (INN) nomenclature sys-
tem was initiated in 1950 by World Health Assembly Resolution
WHA3.11 and began operating in 1953, when the first proposed list
of INN for pharmaceutical substances was published. Since then, the
World Health Organization (WHO) has been assigning INN to medici-
nal substances according to established guidelines, and both WHO
and INN applicants are bound to this formal procedure (EB115/11-
2004) [1]. Over the years, the INN nomenclature system has been
continuously adapted and revised to encompass scientific develop-
ments in drug discovery, especially in the field of biotechnology.

The INN nomenclature system was originally developed to assign
INN mainly to chemically well-defined, homogeneous substances,
although distinct biological products, such as animal insulin prepara-
tions (Recommended INN List 3 in 1959) and other low-molecular-
weight proteins (e.g., hormones, cytokines) as well as synthetic pepti-
des, were also included. However, with the advent of large, complex
biologics such as gene therapy (GT) and, more recently, cell therapy
(CT) and cell-based gene therapy (CGT) substances, this has changed
dramatically. By way of illustration, small-molecule medicinal sub-
stances are relatively simple compounds that can be manufactured
by chemical synthesis and typically have a molecular mass of less
than approximately 1 kDa; a monoclonal antibody is significantly
more complex, having an average molecular mass of 150 kDa; viral
vectors for gene delivery are even larger, reaching vector genomes of
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Figure 1. INN applications per consultation between 2010 and 2020. (A) New requests
divided into CHEM, BIO (not including cell-based substances) and cell-based INN (CT
+CGT) requests, from the 50th INN Consultation in April 2010 to the 71st INN Consulta-
tion in October 2020. (B) Percentage of total INN requests per consultation separated
into CHEM and BIO (including cell-based substances) requests. The percentage of cell-
based INN requests (CT+CTG) is also shown separately as a light gray line. *The 70th
INN Consultation includes the COVID-19 special Consultation held in August 2020. BIO,
biological; CHEM, chemical; COVID-19, coronavirus disease 2019.
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up to approximately 5 kb or about 1650 kDa; but most complex of all
are CT and CGT substances, not only in size but also in composition
(e.g., one single yeast cell contains up to 4.2 £ 107 protein molecules
per cell [2]). The introduction of such complex biological substances
into the INN nomenclature scheme has proven to be challenging.

Although large in size, viral and plasmid GT vectors that enable
the delivery of nucleic acid material to target cells are well defined.
The structure of the vector can be characterized, and the exact nucleic
acid sequence of each vector genome is known and can be described
in detail. This contrasts with cell substances that are much less homo-
geneous and highly complex. Though cell substances are mostly
enriched for a particular cell type that constitutes the active ingredi-
ent, they still contain multiple cell populations and display an inher-
ent heterogeneity that poses a significant problem for the INN policy
of not assigning names to mixtures. However, if no INN is assigned, it
will make it more difficult to distinguish between regulated and non-
regulated substances. The INN Programme also faces the challenge of
describing these heterogenous substances; however, if this is not
achieved, there is a risk that a single INN may refer to multiple cell
substances or that separate INN may be assigned to various cell sub-
stances that are in fact the same, if described precisely.

INN published in theWHO Drug Information are largely substances
conforming to International Union of Pure and Applied Chemistry
(IUPAC) nomenclature rules; however, CT and CGT substances cannot
be defined in this way. Instead, the INN are published together with a
textual definition to univocally describe their characteristics. These
definitions are an integral part of the INN, and particular importance
is therefore allocated to these descriptive paragraphs, as they are the
basis for defining the uniqueness of a particular cell substance.

With the advent of new technologies, such as genome editing by,
for example, clustered regularly interspaced short palindromic
repeats (CRISPR)/CRISPR-associated protein 9 (Cas9) and other gene-
editing technologies [3], as well as the arrival of personalized medi-
cine, the field is rapidly becoming even more complex. Hence, to
adapt the INN nomenclature, including the definition paragraphs, to
these new technologies, a revision of the information to be provided
for CT and CGT INN applications became indispensable. This review
describes the recent progress made by the INN Programme to name
and define CT and CGT substances, which encompassed a revision of
the INN application form for cell-based substances as well.

Overall Development in INN Applications over the Last Decade

In parallel with the increase in complexity among INN requests,
the number of INN applications has grown steadily over the last
decade, from around 80�100 INN applications per biannual INN Con-
sultation in 2010�2012 to more than 200 INN requests for the 71st
INN Consultation held in October 2020 (Figure 1A). Moreover, not
only has there been a constant growth in the absolute number of INN
requests, but the proportion of INN for biological substances has also
increased considerably (Figure 1). In 2010, at the 50th and 51st INN
Consultations, the percentage of biological requests was around
30�35% of the total, whereas they currently represent more than half
of all INN applications (Figure 1B). In recent years, CT and CGT appli-
cations have started to contribute to this increase in biological INN
requests. This development is expected to continue, as the cell ther-
apy market exhibits a tremendous growth potential, which will likely
translate into a corresponding increase in INN applications. Yet not
all of these substances will reach marketing authorization, as INN
applications are usually filed during early clinical development. Out
of approximately 70 CT/CGT substances and approximately 80 GT
substances that have been assigned INN, only six have so far been
approved by the US Food and Drug Administration (FDA), and only
10 had received marketing authorization from the European Medi-
cines Agency by the end of 2020 (Tables 4, 5). With the recent success
of chimeric antigen receptor (CAR) T-cell therapies, these numbers
are likely to increase as more and more CGT substances reach
advanced clinical development stages. This trend is also reflected in
the number and type of INN applications. CGTs currently represent
the largest group of cell-based INN applications (Figure 2A), half of
which are CAR T-cell applications (Figure 2B).
The INN Nomenclature Scheme: Stems and Infixes

The INN Programme assigns INN to medicinal substances to pro-
vide each substance with a unique name that belongs in the public
domain and can be used freely. INN have proven to be indispensable
for the clear identification, safe prescription and dispensing of medi-
cines and for communication and exchange of information among
health professionals. Names that are likely to convey a pathological
or therapeutic suggestion or are liable to be confused with names in
common use are avoided. Whenever possible, the structure of an INN
incorporates a suffix that reflects the pharmacological group to which
the substance belongs, making it possible to recognize pharmacologi-
cally related substances by their name. When a common suffix is
adopted for a specific pharmacological group, it is designated a
“stem.” Examples are the stem -cel for cell-based substances, as in
tisagenlecleucel (117)(79) and axicabtagene ciloleucel (117)(79); the
stem -mab for monoclonal antibodies, as in trastuzumab (78)(40) and
adalimumab (85)(45); and the stem -tide for peptides, as in liraglutide
(87)(49) and lanreotide (64)(31), whereby the numbers in parenthe-
ses represent the proposed and recommended INN lists in which the
name was published. In contrast to a common suffix or stem, INN
have a random, fantasy prefix that bestows uniqueness to each INN.
As always, there can be exceptions, and in some cases the stem may
be placed in the middle or at the beginning (prefix), as in, for exam-
ple, the stem cef- for cephalosporin derivatives (e.g., cefuroxime). With
the incorporation of infixes (syllables placed between the fantasy



Figure 2. CT and CGT INN requests between 2008 and 2020. (A) Number of total cell-
based INN, non-genetically modified CT and CGT requests per INN consultation. (B)
Number of CGT INN requests that are not CAR T-cell-related and number of CGT
requests that are CAR T-cell-related per INN consultation. (C) INN nomenclature
scheme for cell and gene-based substances.
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prefix and the common suffix), more information can be provided by
the INN itself. For example, the infix -li- within the monoclonal anti-
body category specifies that the target of adalimumab, which binds
tumor necrosis factor alpha, is immunomodulating, whereas the infix
-glu- in liraglutide signals that this peptide is a glucagon-like peptide
analogue. Stems and infixes are selected by the WHO INN Expert
Group and are carefully evaluated for each INN application.
Importantly, the nomenclature process is ongoing and constantly
under revision, and new stems and infixes are created when neces-
sary. More than one infix can be used within an INN; however, there
is a limit to the number of infixes and therefore the amount of infor-
mation that can be incorporated into the INN itself before the name
becomes too long and unpronounceable. Importantly, an INN should
be distinctive in sound and spelling and should not be inconveniently
long. Therefore, additional information that cannot be included in the
INN itself but is necessary to uniquely characterize a substance should
be included in an accompanying definition paragraph that is pub-
lished together with the INN in the WHO Drug Information. Further
information on the use of stems is provided in the WHO Stem Book
[4], which gives an introduction to the INN selection procedure and
an alphabetical list of common stems together with their correspond-
ing INN. Furthermore, the INN Programme has launched the School of
INN (https://extranet.who.int/soinn/), an online platform that has the
aim of educating pharmaceutical and medical students as well as
other INN stakeholders on how INN are designed.
Development of the Nomenclature Scheme for Cell-Based
Substances

Since its inception, the INN Programme has aimed to assign INN
only to well-defined substances, including biologicals such as pepti-
des, monoclonal antibodies and other recombinant proteins. In 2008,
the INN Programme received its first request to name a cell-based
substance. Initially, INN experts felt that CT substances were not
within the scope of the current INN policy, as INN should be assigned
to well-characterized substances only; cells and tissues, including
stem cells, were considered outside the remit of the INN system.
However, the INN Programme had to consider that different regula-
tory environments had already developed naming schemes for these
substances (e.g., the United States Adopted Names [USAN] Council
had started naming CT substances in 2005) and that the prevalence
of different generic names referring to the same cell substance would
create confusion and impact the exchange of information via scien-
tific publications and could ultimately lead to prescription errors
endangering patient safety. Thus, a decision was made to adopt the
provision of INN for cell substances, and in the following years the
WHO Secretariat, the INN Working Group on cell therapy, the USAN
Council and the US Center for Biologics Evaluation and Research
(CBER) reached agreement on a common CT nomenclature scheme.
The INN cell substance naming scheme excludes minimally manipu-
lated hematopoietic elements and combination products. Initially,
autologous CT substances were also omitted, but following further
review and harmonization with USAN/CBER, these were later
assigned INN as outlined in the 2016 version of the International Non-
proprietary Names (INN) for biological and biotechnological substances
(BioReview 2016) [5]. This document, first published on the INN Pro-
gramme website in 2006, presents an inventory of policy decisions
taken by the INN Expert Group for biological substances. The BioRe-
view is intended to be a living document that is updated regularly to
include new policies and INN that have been assigned.

A significant group of biological substances excluded from the INN
system are vaccines, for which names are assigned through the rec-
ommendations of the WHO Expert Committee on Biological Stan-
dardization. This concerns classical vaccines that are based on live
attenuated or inactivated pathogens. However, with the advent of
recombinant technologies and novel developments such as peptide
vaccines as well as nucleic acid-based DNA and RNA vaccines, this
has changed substantially, as these chemically well-defined substan-
ces fall within the scope of the INN naming system. As of 2020, five
messenger RNA (mRNA) and one plasmid-based vaccine substance
have been assigned INN, such as the severe acute respiratory syn-
drome coronavirus 2 RNA vaccines zorecimeran (124), abdavomeran
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(124), tozinameran (124), ganulameran (124) and pidacmeran (124)
and the DNA vaccine reluscovtogene ralaplasmid (124).

The first CT substance that received the status of proposed INN
(pINN) was spanlecortemlocel (115)(74), a preparation of allogeneic
umbilical cord blood-derived hematopoietic stem and progenitor
cells. The INN was published in 2014 in pINN list 112 and later
amended in pINN list 115. The name contains the infixes -cor- and
-tem-, representing the source material, umbilical cord blood (-cor-),
and the active cell type, stem cells (-tem-). Furthermore, according to
the nomenclature scheme that was in place at that time, infixes such
as -le(c)- for “selected/enriched” and -lo- for “allogeneic,” referring to
the manipulation process and the origin of the substance, were also
part of the INN, resulting in a name that is very long and difficult to
pronounce. The INN Programme eventually did not further pursue
this direction but subsequently decided to assign shorter names with
ideally only one infix describing the type of cell substance, accompa-
nied by a precise but descriptive definition paragraph. These short
descriptive paragraphs are published together with the INN in the
WHO Drug Information and contain details about the substance that
are not part of the name itself. For example, for spanlecortemlocel
(115)(74), the definition paragraph specifies that the substance “typi-
cally contains >10% of cells expressing CD34.” Hence, the active cell
component (CD34+ cells) is only a small part of this substance,
whereas around 90% of the cells are not further characterized. This
illustrates the challenges that the INN Programme has faced in
unequivocally characterizing such substances, which has also trans-
lated into difficulties for the Programme in assigning names to such
imprecisely specified, heterogeneous products.

Subsequently, more CT substances were assigned INN and pub-
lished 2 years later in pINN list 115 [6]. These include audencel (115)
(77), eltrapuldencel (115)(77), cenplacel (115)(77) and palucorcel (115)
(77). By this time, the nomenclature system had been revised, and
information concerning the origin of the cell substance (i.e., alloge-
neic, autologous or xenogeneic) was no longer incorporated into the
name itself but instead specified in the INN definition paragraph of
the substance (as outlined in the 2016 version of the BioReview) [5].
Only the infix describing the source material/active cell type was
retained within the nomenclature scheme, indicating that these cells
mainly contain dendritic cells (-den-), placental cells (-pla-) and
umbilical cord cells (-cor-). In addition, pINN list 115 includes the first
CGT substance, tonogenconcel (115)(77), which consists of allogeneic
primary human chondrocytes, identified by the infix -con-, trans-
duced with a retroviral vector expressing human transforming
growth factor beta 1. The infix -gen- indicates that the cells have
been genetically manipulated; however, the gene of interest (trans-
forming growth factor beta 1) is not further specified within the
word. Other infixes referring to cell manipulation were to some
extent also still included, and examples are eltrapuldencel (115)(77)
and stapuldencel (121)(83), which contain the USAN infix -pul- for
pulsing, referring to the incubation of cells with peptides, cell lysates
or other agents. In both cases, the manipulation infix was maintained
for harmonization purposes, as the names had already been adopted
by the USAN council in 2014 [7,8]. For the same reason, the infix -le
(c)- for selected/enriched was maintained until pINN list 117; exam-
ples are tabelecleucel (117)(79), adimlecleucel (117)(79), tisagenlecleu-
cel (117)(79) and rivogenlecleucel (117)(79).

As mentioned, the INN experts had been reluctant for several
years to name autologous cell therapy substances. However, the INN
Programme eventually agreed that the nomenclature scheme should
be extended to include autologous cell substances, both non-geneti-
cally and genetically engineered. The first autologous CT substances
that were assigned INN were audencel (115)(77) and eltrapuldencel
(115)(77), which are dendritic cell-based cancer immunotherapies.
Both INNs were published in pINN list 115 [6], though the basis for
their nomenclature differs, as audencel was named according to a
newly revised scheme, whereas eltrapuldencel, already adopted by
the USAN Council in 2014, was named in accordance with the USAN
guidelines. It is not unusual for names to have followed different
rules by different nomenclature bodies before a final harmonized
nomenclature scheme was established. Given that an adopted name
can be modified only under exceptional circumstances, these names
will remain unchanged.

Current Nomenclature System for Cell-Based Substances

As previously described [9], different approaches, based on the
use of a one-word versus two-word naming scheme, were developed
by the INN Programme for various categories of biological substances,
highlighting a major and still not completely resolved issue on how
to assign a name that is informative, short and euphonic.

The current nomenclature scheme for cell-based substances can
be found in the 2019 version of the INN document International Non-
proprietary Names (INN) for biological and biotechnological substances
(BioReview 2019) [10]. The BioReview 2019 summarizes the naming
scheme for advanced therapy products, including CT, GT and CGT,
and is also published on the INN Programme website.

The nomenclature system for non-genetically modified CT sub-
stances comprises a single word beginning with a random fantasy
prefix and ending with the stem -cel (Table 1). Between the fantasy
prefix and the stem -cel there is one infix, which refers to the primary
cell type responsible for the mode of action of the substance. The list
of infixes, which identifies the primary cell type (e.g., -leu- for leuko-
cytes and -tem- for stem cells), can also be found in the BioReview
2019 [10]. However, this list is not final and is constantly adapted to
encompass new cell types that have not previously been assigned an
infix. The current list consists of 23 cell type-specific infixes and is
listed in Table 1. Residual cells that are not expected to contribute to
the intended function are not named. In the case of manipulations
such as cell expansion and cell activation (e.g., with cytokines/drugs),
no special infix will be assigned, and the information will be provided
in the definition paragraph. Indeed, it was the desire of the INN
Expert Group to avoid overly long and complicated names and
instead detail this information in the short descriptive paragraphs
that accompany each INN publication.

The harmonized nomenclature for CGT comprises a two-word
scheme in which the first word identifies the gene component and
the second word identifies the cell component (Table 2). The scheme
therefore identifies CGT by a unique nomenclature but formally links
these substances to both the CT and the GT categories, which is illus-
trated in a graphical schematic (Figure 2C). The first word, which
describes the gene component, contains a gene infix, which identifies
the target gene , followed by the suffix -gene, using the same gene
infixes as those used in non-cell-based gene therapies. For example,
prademagene zamikeracel (119)(81), a keratinocyte-based CGT, and
beremagene geperpavec (123), a virus-based GT for the treatment of
epidermolysis bullosa, both contain the gene infix -ema- for extracel-
lular matrix genes, as both introduce a functional version of the
extracellular matrix collagen VII.

The list of gene infixes is rapidly expanding and reached a total of
57 different infixes at the 71st Consultation. Only a subset of gene
infixes is shown in the BioReview 2019 [10] and in Table 2. The
updated list of all gene infixes assigned up to the 71st Consultation
can be found in supplementary file 1 of this review and will also be
included in the upcoming revised version of the BioReview targeted
for 2021. Moreover, further additions to the GT naming scheme are
discussed, including the suffix -rgene for substances that do not
encode for a protein but instead for non-coding RNAs such as micro-
RNA.

The nomenclature scheme for CGT substances is also constantly
evolving. During the 67th INN Consultation in 2018, an INN-FDA har-
monized scheme for autologous CGT substances was formally
approved by the members of the INN Expert Group, whereby the



Table 1
Nomenclature scheme for non-genetically modified cell therapy substances

Prefix Infix (a, b): cell type Suffix

random to contribute
to euphonious
and distinctive name

to identify the primary cell type (c) using, when available,
existing infixes for cell types

-cel
(cell)

-adstro- adipose stromal cells
-co(n)- chondrocytes
-defitem- differentiated stem cells (not fitting into

any existing category)
-den- dendritic cells
-end(o)- endothelial cells
-ep(a)- hepatocytes
-fi(b)- fibroblasts
-isle- islet cells
-ker(a)- keratinocytes
-leu- leukocytes (lymphocytes / monocytes/APC) (d)

-mestro- mesenchymal stromal cells (MSC)
-mio(b)- myoblasts
-ova- ovary cells
-nupu- nucleus pulposus cells
-pla(c)- placenta cells
-ren- renal tubular cells
-ret- retinal epithelial cells
-rom- cells with stem and stromal capacity
-tem- stem cells
-tesi- testis cells
-tu- tumour cells
-ubi- umbilical cord cells (previously -cor-)
-ur- urothelial cells

(a) Manipulation infixes should be avoided to circumvent overly long names.
(b) In the case of manipulation such as cell expansion and cell activation (with cytokines/drug, etc.), there is no need for an
infix; this kind of manipulation will be specified in the description.
(c) Residual cells not expected to contribute to the intended function, are not named.
(d) The cell type infix -leu- is used to describe hematologic cell preparations that do not fit in any particular cell type cate-
gory. Such cell preparations may be comprised of a mixture of the various blood cell elements, such as T-, B- or NK-cells, or
antigen-presenting cells (APCs) that do not fit in the definition of dendritic cells.
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second word of autologous CGT INN is characterized by the prefix
auto-, whereas allogeneic CGT INN are assigned a random prefix
(67th INN Consultation Executive Summary [11]). This scheme was
recently updated in view of autologous CGT substances for which the
gene component remains the same but that consist of autologous
cells derived from different patient populations with distinct charac-
teristics, such as brexucabtagene autoleucel (124) versus axicabtagene
ciloleucel (117)(79). Instead of adding a new random prefix or infix to
the autologous cell component, the INN experts decided that the ran-
dom prefix of the first word should comprise changes in the cell com-
ponent as well. For autologous CGT substances, a different fantasy
Table 2
Nomenclature scheme for cell-based gene therapy substances

Prefix Infix

word 1 (gene component) random to contribute to
euphonious and distinctive name

to identify the gene u
or using similar infix
-cabta-
-covto-
-distro-
-ema-
-ermin-
-kin-
-lim-
-octoco-
-reti-
-tres-

word 2 (cell component) autologous:
auto-
allogenic:
random-

to identify the prima

(c) Residual cells not expected to contribute to the intended function, are not named.
(d) For cell type infixes see Table 1.
prefix can therefore indicate that either a new vector component or a
new cell component is present, and only the INN definition paragraph
will specify the details. This further highlights the importance of
these short descriptive paragraphs, which provide all the necessary
information that is not included in the INN itself.

Revision of the INN Application Form for Cell-Based Substances

As highlighted in other sections, the INN Programme publishes a
definition paragraph together with the INN to unambiguously
describe the biologically active ingredients of advanced therapy
Suffix

sing, when available, existing infixes for biological products
as for the protein for which the gene codes, e.g.:

-(vowel)gene
e.g. -(o)gene

cell expressed antibody and T cell activation
SARS-CoV-2
muscular dystrophy related
extracellular matrix
growth factor
interleukin
immunomodulator
coagulation factor VIII
retinal dystrophy related
T cell receptor engineered for specificity

ry cell type (c), use when available existing infixes for cell types (d) -cel
(cell)
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medicinal product substances. This definition paragraph is highly sig-
nificant for cell-based substances, which possess an inherent com-
plexity that is difficult to capture within the name itself. However, a
precise definition of a substance can only be achieved if the informa-
tion provided by the applicant is complete and comprehensive.
Therefore, the INN Programme undertook an effort to harmonize INN
definitions for cell-based substances (CT and CGT), which comprised
the revision of the INN application form. During the 70th INN Consul-
tation [12] in April 2020, this new revised application form for cell-
based INN application was formally approved, and the new version,
which is now mandatory for all new CT/CGT INN applications, is
shown in supplementary file 2 and can also be found on the INN Pro-
gramme website (annex to INN application form, INN working docu-
ment 20.478) [13].

The new revised application form [13] differs extensively from the
previous version (supplementary file 2), which did not request spe-
cific details and only provided a simple list of five bullet points
(name/code designation, characterization/description, cell source, list
and description of manipulations [culture conditions included] and
genetic manipulation) to be addressed by the applicant at their dis-
cretion. By contrast, the new version is much more focused and
details the type of information to be provided. Although the first
point, “name/code designation,” remained a short bullet point, the
other topics were substantially elaborated.

Cell source or tissue of origin

The key point, “cell source,” became “cell source or tissue of ori-
gin” and now asks for precise information on the origin of the starting
material. There are three subparagraphs depending on whether the
cells are derived from (i) a cellular source, such as peripheral blood or
apheresis material; (ii) a cell bank, as would be the case for allogeneic
cell lines such as evagenretcel (116)(78) and revakinagene taroretcel
(123); or (iii) tissue material. Moreover, it is highlighted that the
applicant should provide some characterization of the starting mate-
rial independent of the origin of the cells. For example, if the cells are
derived from tissue, the tissue type and method of extraction of the
cells should be specified.

Manufacturing process, including manipulations

The INN experts emphasized that key steps of the manufacturing
process should be provided, as both the starting material and the
manufacturing process become integral parts of the live cell compo-
nent that constitute the active substance. Therefore, the paragraph
on cell manipulation now requests a description of key steps in the
manufacturing process and is divided into three points (a, b and c).
The first point (a) inquires as to whether any form of cell enrichment
or purification/selection of the starting material was performed at
any step during the preparation of the drug product or substance.
The second point (b) asks for details regarding the in vitro culture
conditions, including those used during genetic modification of the
cells, cell activation and differentiation. In addition, the number of
cell passages and/or population doublings has to be provided to
assess the degree of culture expansion. The third point (c) focuses on
in-process holding steps and storage conditions of the finished cell
substance (e.g., freezing). Even if the cells are not further manipu-
lated, this section must be completed, as these handling steps impact
the characteristics of the final cell substance.

Characterization/description of the substance

The section on characterization/description has four subpara-
graphs. In particular, the INN experts agreed that it is important to
assess the purity of the substance and to describe the proportion of
all major cell populations that contribute to the final product. CT/CGT
substances are often heterogeneous mixtures of several active cell
populations that together form the active ingredient. The purity of a
substance has never been a matter of concern in assigning an INN,
but in the case of CT/CGT substances, purity becomes an issue, as dif-
ferent cell types within the inevitable heterogeneous population may
impact the pharmacological activity of the whole population. Thus,
the first subparagraph of the characterization/description section
requests specific information on the main cell population(s) at both
the phenotypic level (with a minimum of two cell surface markers to
be provided) and the functional level, which may include the secre-
tion profile, as well as other forms of functional characterization. For
products in an early stage of clinical development, such information
may not be available, but it is crucial to identify the uniqueness of the
substance if an INN is to be assigned. The following three subpara-
graphs specifically focus on stem cells, stem and progenitor cells and
stromal cells. For stem cells, the applicant should demonstrate that
the cells are capable of self-renewal, are unspecialized and can give
rise to several specialized cell types. In the case of the other two cell
populations, stem and progenitor cells and stromal cells, the appli-
cant should provide information on their functionality in vitro and/or
in vivo.

Genetic manipulation

Provision of information on genetic manipulation applies only to
CGT substances and remains similar to the previous application form
in requesting a detailed description of the vector and gene insert;
however, when a new vector is derived from an existing, already
named vector, a sequence alignment and table of comparison should
be provided. This request was added as manufacturers of CGT and GT
substances often have a vector platform in place that can be adapted
to a new target. However, it is the policy of the INN Programme that
even the smallest change to a substance, including changes that affect
the vector backbone, warrants a new INN. The revision of this point
therefore helps the INN Programme to compare an existing, already
named vector backbone with a new vector application.

INN Applications for CAR T-Cell Therapies

The most prominent group among the CGT substances are CAR T-
cell therapies. They represent a form of cancer immunotherapy that
uses synthetic T-cell receptors (TCRs) to redirect lymphocytes to rec-
ognize and eliminate cells expressing a specific target and have dem-
onstrated impressive therapeutic effects in certain types of blood
cancer [14]. This exciting new development in biomedical research is
also reflected within CGT INN applications, as CAR T-cell requests
now represent the most prevalent group and comprise half of all CGT
applications (Figure 2B).

In 2013, the INN Programme received its first CAR T-cell applica-
tion; however, this application and two subsequent requests were
withdrawn, as the INN Programme had not yet established a nomen-
clature scheme for these substances. In 2016, the first three CAR T-
cell INN were assigned: axicabtagene ciloleucel (117)(79), tisagenle-
cleucel (117)(79) and vadacabtagene leraleucel (117)(79). Their basis
for nomenclature differs, as two were named according to the newly
revised INN nomenclature scheme for cell-based substances, whereas
tisagenlecleucel (117)(79) was named according to the nomenclature
scheme of the USAN Council, as the name had already been adopted
by USAN in 2014. Significantly, tisagenlecleucel (117)(79), also known
under its trade name Kymriah, and axicabtagene ciloleucel (117)(79),
using the trade name Yescarta, became the first genetically engi-
neered cell therapy substances to be approved by the US FDA [15,16].

Currently, the harmonized INN nomenclature scheme for CAR T-
cell therapies follows the two-word scheme for CGT substances,
whereby the first word describes the gene component with the gene
infix -cabta- for cell-expressed antibody and T-cell activation and the



Table 3
Summary of published CAR T-cell INN requests.

Target antigen INN Condition Approval status Manufacturer code

CD19 axicabtagene ciloleucel
(117)(79) (YESCARTA®)

� Relapsed/Refractory Diffuse Large B-Cell Lymphoma (DLBCL)
� primary mediastinal large B-cell lymphoma
� high-grade B-cell lymphoma
� Follicular lymphoma

� FDA approved
� EMA approved

KTE-C19

CD19 tisagenlecleucel
(117)(79) (KYMRIAH®)

� Relapsed/refractory acute lymphoblastic leukemia (ALL) � FDA approved
� EMA approved

CTL019
CART19

CD19 vadacabtagene leraleucel
(117)(79)

� Acute Lymphoblastic Leukemia (ALL) � EMA PRIME designation (withdrawn)
9/15/2016

JCAR015

BCMA idecabtagene vicleucel
(119)(81)

� Relapsed/refractory (R/R) multiple myeloma � FDA orphan drug designation
09/28/2017

� EMA orphan designation
04/20/2017

bb2121

CD19 lisocabtagene maraleucel
(119)(81)

� Relapsed/refractory (R/R) aggressive large B-cell
Non-Hodgkin Lymphoma (NHL)

� relapsed/refractory diffuse large B-cell lymphoma (DLBCL)

� FDA orphan drug designation
09/07/2016

� EMA PRIME designation
12/15/2016

� EMA orphan designation
07/17/2017

JCAR017

CD19 tebrocabtagene autoleucel
(121)(83)

� Relapsed/refractory (R/R) acute lymphoblastic leukemia TBI-1501

BCMA ciltacabtagene autoleucel
(122)(84)

� Relapsed/refractory (R/R) multiple myeloma � EMA orphan designation
02/28/2020

JNJ-68284528
JNJ-4528

BCMA orvacabtagene autoleucel
(122)(84)

� Relapsed/refractory (R/R) multiple myeloma � FDA orphan drug designation
02/01/2019

� EMA PRIME designation
11/14/2019

JCARH125

CD19 azercabtagene zapreleucel
(123)(85)

� Relapsed/refractory (R/R) B-cell Non-Hodgkin Lymphoma
(NHL)

� FDA orphan drug designation
05/13/2020

PBCAR0191

MSLN gavocabtagene autoleucel
(123)(85)

� Mesothelioma � FDA orphan drug designation
02/01/2019

TC-210

CD19 obecabtagene autoleucel
(123)(85)

� Relapsed/refractory acute lymphoblastic leukemia (ALL) � FDA orphan drug designation
11/04/2019

AUTO1

CD19 relmacabtagene autoleucel
(123)(85)

� Relapsed/refractory (R/R) B-cell Non-Hodgkin Lymphoma
(NHL)

� Relapsed/refractory acute lymphoblastic leukemia (ALL)

JWCAR029

CD20 / CD19 zamtocabtagene autoleucel
(124)

� B-cell Non-Hodgkin Lymphoma (NHL) � EMA PRIME designation
10/17/2019

� EMA orphan designation
08/21/2020

MB-CART2019.1

CD19 brexucabtagene autoleucel
(TECARTUS®)

� Relapsed/Refractory (R/R) Mantle Cell Lymphoma � FDA approved
� EMA conditional approval

KTE-X19

Abbreviations: CD19 (cluster of differentiation 19, also known as B-lymphocyte antigen CD19, B-lymphocyte surface antigen B4, T-cell surface antigen Leu-12 and differentiation
antigen CD19); BCMA (B-cell maturation antigen, also known as tumor necrosis factor receptor superfamily member 17 (TNFRSF17)); MSLN (mesothelin, also known as
pre-pro-megakaryocyte-potentiating factor, CAK1 antigene); CD20 (B-lymphocyte antigen CD20, also known as B-lymphocyte surface antigen B1, leukocyte surface antigen
Leu-16, membrane-spanning 4-domains subfamily A member 1, Bp35).
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second word describes the cell component. A distinction is made
between allogeneic requests that contain a random prefix and autolo-
gous cells that have the prefix auto-.

Table 3 summarizes all CAR T-cell INN requests that have been
published by the INN Programme up to pINN list 124. In addition, it
lists brexucabtagene autoleucel, which has received FDA and European
Medicines Agency approval for relapsed/refractory mantle cell lym-
phoma (Tables 4, 5) and is planned for publication in pINN list 125.
As shown in Figure 2B, more CAR T-cell requests are currently being
evaluated and are expected to be published in upcoming INN lists.
Furthermore, it should be noted that the field is evolving rapidly, and
novel CAR T cell products are under development that aim to overcome
current issues such as severe toxicity, limited use, and in particular, the
lack of efficacy in solid tumors [14]. Among these new technologies are
CAR-engineered natural killer cells for cancer therapy [17] and switch-
able adaptor CAR platforms [18], which are developed with the aim of
improving the safety, flexibility and controllability of conventional CAR T
cells. The evolution of CAR designs beyond their current conventional
structure will eventually also reach the INN Programme and challenge
the INN nomenclature to encompass these new therapeutic approaches

https://www.fda.gov/vaccines-blood-biologics/approved-products/yescarta-axicabtagene-ciloleucel
https://www.ema.europa.eu/en/medicines/human/EPAR/yescarta
https://www.fda.gov/vaccines-blood-biologics/approved-products/kymriah-tisagenlecleucel
https://www.ema.europa.eu/en/medicines/human/EPAR/kymriah
https://www.ema.europa.eu/en/human-regulatory/research-development/prime-priority-medicines
https://www.accessdata.fda.gov/scripts/opdlisting/oopd/detailedIndex.cfm?cfgridkey=606117
https://www.ema.europa.eu/en/medicines/human/orphan-designations/eu3171863
https://www.accessdata.fda.gov/scripts/opdlisting/oopd/detailedIndex.cfm?cfgridkey=533416
https://www.ema.europa.eu/en/human-regulatory/research-development/prime-priority-medicines
https://www.ema.europa.eu/en/medicines/human/orphan-designations/eu3171890
https://www.ema.europa.eu/en/medicines/human/orphan-designations/eu3202252
https://www.accessdata.fda.gov/scripts/opdlisting/oopd/detailedIndex.cfm?cfgridkey=672118
https://www.ema.europa.eu/en/human-regulatory/research-development/prime-priority-medicines
https://www.accessdata.fda.gov/scripts/opdlisting/oopd/detailedIndex.cfm?cfgridkey=738020
https://www.accessdata.fda.gov/scripts/opdlisting/oopd/detailedIndex.cfm?cfgridkey=670718
https://www.accessdata.fda.gov/scripts/opdlisting/oopd/detailedIndex.cfm?cfgridkey=708319
https://www.ema.europa.eu/en/human-regulatory/research-development/prime-priority-medicines
https://www.ema.europa.eu/en/medicines/human/orphan-designations/eu3202327
https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/tecartus-brexucabtagene-autoleucel
https://www.ema.europa.eu/en/medicines/human/summaries-opinion/tecartus


Table 4
List of FDA approved cellular and gene therapy products (List of licensed products from the Office of Tissues and Advanced Therapies (OTAT) 24.7.2020)

Brand name INN Manufacturer Approval date Current status

� TECARTUS
brexucabtagene autoleucel

Kite Pharma, Inc. Jul-2020 Approved
Link to FDA website

� ZOLGENSMA
onasemnogene abeparvovec-xioi

AveXis, Inc May-2019 Approved
Link to FDA website

� HPC, Cord Blood MD Anderson Cord Blood Bank Jun-2018 Approved
Link to FDA website

� LUXTURNA
voretigene neparvovec

Spark Therapeutics, Inc. Dec-2017 Approved
Link to FDA website

� YESCARTA
axicabtagene ciloleucel

Kite Pharma, Incorporated Oct-2017 Approved
Link to FDA website

� KYMRIAH
tisagenlecleucel

Novartis Pharmaceuticals Corporation Aug-2017 Approved
Link to FDA website

�MACI
(Autologous Cultured Chondrocytes on a Porcine Collagen Membrane)

Vericel Corporation Dec-2016 Approved
Link to FDA website

� CLEVECORD
(HPC, Cord Blood)

Cleveland Cord Blood Center Sep-2016 Approved
Link to FDA website

� ALLOCORD
(HPC, Cord Blood)

SSM Cardinal Glennon Children's Medical Center Jan-2016 Approved
Link to FDA website

� HPC, Cord Blood Bloodworks Jan-2016 Approved
Link to FDA website

� IMLYGIC
talimogene laherparepvec

Amgen Inc. Oct-2015 Approved
Link to FDA website

� HPC, Cord Blood LifeSouth Community Blood Centers, Inc. Jun-2013 Approved
Link to FDA website

� DUCORD
(HPC Cord Blood)

Duke University School of Medicine Oct-2012 Approved
Link to FDA website

� HPC, Cord Blood Clinimmune Labs, University of Colorado Cord Blood Bank May-2012 Approved
Link to FDA website

� GINTUIT
(Allogeneic Cultured Keratinocytes and Fibroblasts in Bovine Collagen)

Organogenesis Incorporated Mar-2012 Approved
Link to FDA website

� HEMACORD
(HPC, Cord Blood)

New York Blood Center, Inc Nov-2011 Approved
Link to FDA website

� LAVIV
(azficel-T*)

Fibrocell Technologies, Inc. Jun-2011 Approved
Link to FDA website

� PROVENGE
(sipuleucel-T*)

Dendreon Corporation Apr-2010 Approved
Link to FDA website

HPC, hematopoietic progenitor cell; FDA, Food & Drug Adminstration; * USAN adopted name
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within its naming scheme. The classical infix -cabta- for “cell expressed
antibody and T-cell activation” might not always be appropriate in view
of new CAR designs, and modifications have been discussed within the
INN Programme. In the current scheme, the letter “t” of the infix -cabta-
refers to the T-cell component of these substances; however, in the case
of CAR-engineered natural killer cells, this would no longer be appropri-
ate. A small modification, such as a one-letter change from the letter “t”
to the letter “n” for natural killer cells, might be an option. The infix
-cabta- would also not be appropriate in the case of switchable adaptor
CAR platforms such as Fc-binding adaptor CARs, for which the antibody
is added separately and is no longer a “cell-expressed antibody.” Here, a
modification to -refta-, whereby refwould stand for “receptor of Fc” and
ta for “T-cell activation,” could be a possibility. These options remain
under discussion by theWHO INN Programme.

INN Applications for Personalized Medicines and Gene-Edited
Substances

The first personalized medicine that received an INN was autogene
cevumeran (122)(84), a single-stranded mRNA that codes for up to 20
patient-specific tumor neoantigens that are derived from the patient’s
tumor. Genetic sequencing is used to identify up to 20 neoantigen epit-
opes that may elicit the strongest immune response. These patient-spe-
cific sequences encoding neoantigens are inserted between well-
defined constant regions. This technology belongs to the group of
mRNA-based personalized cancer vaccines and is expected to induce
immunostimulatory and anti-neoplastic activity. The INN carries the
stem -meran, as it falls into the same category as other mRNA-based
substances that are developed for active immunization, such as the pro-
phylactic RNA vaccine substances zorecimeran (124), abdavomeran
(124), tozinameran (124), ganulameran (124) and pidacmeran (124), cur-
rently developed for use against severe acute respiratory syndrome
coronavirus 2. Although these substances for active immunization and
other non-prophylactic substances in the -meran category do not con-
tain a gene infix and follow a one-word naming scheme that consists
of a random prefix followed by the suffix -meran, a two-word name
approach was chosen in the case of autogene cevumeran to highlight
the autologous character of this substance.

The second personalized medicine that was named is the cell-
based gene therapy tacatresgene autoleucel, published in pINN list
124. This substance consists of patient-derived CD4 and CD8 T cells
that are genome-engineered using CRISPR/Cas9 to express a patient-
derived, neoepitope-specific TCR, which replaces the endogenous
TCR. The neoepitopes are identified and isolated from each patient’s
intrinsic T-cell cancer immune response, with a single patient-
derived, tumor-specific neo-TCR per T cell and a maximum of three
different neo-TCRs in the final drug substance. Hence, the finished
substance is likely to contain T cells targeting multiple antigens, yet
the nomenclature scheme follows the classical nomenclature scheme
for CGT substances, with the gene infix -tres- for “TCR engineered for
specificity,” as had been assigned to non-personalized variants such
as olitresgene autoleucel (121)(83) and letetresgene autoleucel (121)
(83), that contain only a single antigen-specific TCR. As the second
word, autoleucel, indicates that this is an autologous, patient-derived
substance, a second infix, -auto-, for the gene component was not
further introduced. For tacatresgene autoleucel (124), the gene-
edited nature of the cell component was not highlighted in the
INN itself and is only detailed in the definition paragraph. How-
ever, it should be noted that the position of the INN Programme
regarding gene-edited substances might change in the future. A

https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/tecartus-brexucabtagene-autoleucel
https://www.fda.gov/vaccines-blood-biologics/zolgensma
https://www.fda.gov/vaccines-blood-biologics/approved-products/hpc-cord-blood-md-anderson-cord-blood-bank
https://www.fda.gov/vaccines-blood-biologics/approved-products/luxturna
https://www.fda.gov/vaccines-blood-biologics/approved-products/yescarta-axicabtagene-ciloleucel
https://www.fda.gov/vaccines-blood-biologics/approved-products/kymriah-tisagenlecleucel
https://www.fda.gov/vaccines-blood-biologics/approved-products/maci-autologous-cultured-chondrocytes-porcine-collagen-membrane
https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/clevecord-hpc-cord-blood
https://www.fda.gov/vaccines-blood-biologics/approved-products/allocord-hpc-cord-blood
https://www.fda.gov/vaccines-blood-biologics/approved-products/hpc-cord-blood-bloodworks
https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/imlygic-talimogene-laherparepvec
https://www.fda.gov/vaccines-blood-biologics/approved-products/hpc-cord-blood-lifesouth
https://www.fda.gov/vaccines-blood-biologics/approved-products/ducord-hpc-cord-blood
https://www.fda.gov/vaccines-blood-biologics/approved-products/hpc-cord-blood
https://www.fda.gov/vaccines-blood-biologics/approved-products/gintuit-allogeneic-cultured-keratinocytes-and-fibroblasts-bovine-collagen
https://www.fda.gov/vaccines-blood-biologics/approved-products/hemacord-hpc-cord-blood
https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/laviv-azficel-t
https://www.fda.gov/vaccines-blood-biologics/approved-products/provenge-sipuleucel-t


Table 5
List of EMA-approved cellular and gene therapy products

BRAND NAME INN Marketing-authorisation holder Therapeutic area (MeSH) Approval date Current status

� LIBMELDY
atidarsagene autotemcel

Orchard Therapeutics (Netherlands) BV Leukodystrophy, Metachromatic
(MLD)

15 October 2020 Approved
Link to EMA website

� TECARTUS
brexucabtagene autoleucel

Kite Pharma EU B.V. Lymphoma, Mantle cell (MCL) 15 October 2020 Conditional approval
Link to EMA website

� ZOLGENSMA
onasemnogene abeparvovec

Novartis Gene Therapies EU Limited Muscular Atrophy, Spinal 18 May 2020 Conditional approval
Link to EMA website

� ZYNTEGLO
betibeglogene autotemcel

bluebird bio (Netherlands) B.V. beta-Thalassemia 29 May 2019 Conditional approval
Link to EMA website

� LUXTURNA
voretigene neparvovec

Novartis Europharm Limited Leber Congenital Amaurosis,
Retinitis Pigmentosa

22 November 2018 Approved
Link to EMA website

� YESCARTA
axicabtagene ciloleucel

Kite Pharma EU B.V. Lymphoma, Follicular
Lymphoma, Large B-Cell, Diffuse

23 August 2018 Approved
Link to EMA website

� KYMRIAH
tisagenlecleucel

Novartis Europharm Limited Precursor B-Cell Lymphoblastic Leuke-
mia-Lymphoma
Lymphoma, Large B-Cell, Diffuse

22 August 2018 Approved
Link to EMA website

� ALOFISEL
darvadstrocel

Takeda Pharma A/S Rectal Fistula 23 March 2018 Approved
Link to EMA website

� SPHEROX CO.DON AG Cartilage diseases 10 July 2017 Approved
Link to EMA website

� STRIMVELIS
simoladagene autotemcel

Orchard Therapeutics (Netherlands) BV Severe Combined Immunodeficiency 26 May 2016 Approved
Link to EMA website

� IMLYGIC
talimogene laherparepvec

Amgen Europe B.V. Melanoma 16 December 2015 Approved
Link to EMA website

� HOLOCLAR Holostem Terapie Avanzate s.r.l. Stem Cell Transplantation
Corneal Diseases

17 February 2015 Conditional approval
Link to EMA website

ZALMOXIS
nalotimagene carmaleucel

MolMed SpA Hematopoietic Stem Cell Transplantation
Graft vs Host Disease

18 August 2016 Withdrawn in 2019
Link to EMA website

PROVENGE Dendreon UK Ltd Prostatic Neoplasms 6 September 2013 Withdrawn in 2015
Link to EMA website

MACI Vericel Denmark ApS Fractures, Cartilage 27 June 2013 Suspended in 2014, expired in
2018
Link to EMA website

GLYBERA
alipogene tiparvovec

uniQure biopharma B.V. Hyperlipoproteinemia Type I 25 October 2012 Expired in 2017
Link to EMA website

ChondroCelect TiGenix N.V. Cartilage Diseases 5 October 2009 Withdrawn in 2016
Link to EMA website

EMA, European Medicines Agency; MeSH, Medical Subject Headings
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new infix, -ged- for “gene editing” is currently being discussed to
indicate that cells have been genome-engineered, which could
result in cell component names that end in the stem -gedleucel or
-gedtemcel.

Discussion

With the advent of new technologies, such as gene editing and
personalized medicine, the field is constantly evolving and becoming
increasingly complex. The INN Programme has adapted to this devel-
opment with a revision of the application process and through
adjustment of the nomenclature scheme. As only a minimal amount
of information can be included in the name itself without creating
names that become overly long and unpronounceable, particular
importance resides in the detailed descriptive paragraph that is pub-
lished together with the INN in theWHO Drug Information. It is signif-
icant that the information requested from INN applicants for CT/CGT
substances includes details regarding the manufacture of the sub-
stance. These are the only INN for which the manufacturing aspects
impinge on the INN assignment.

The precise characterization and naming of CT/CGT substances as
part of the regulatory process are especially important, as many cell
therapies are marketed directly to patients without appropriate regu-
latory control. Direct-to-consumer marketing of unproven cell-based
interventions is a serious health issue and includes those that claim
to treat coronavirus disease 2019, which is particularly concerning
during this current, devastating global pandemic [19,20]. At the
moment, there is a limited number of both immune and stem cell
products with marketing authorization (Tables 4, 5), and the current
state of scientific evidence does not justify the use of most cell-based
interventions outside of well-designed, strictly supervised and regu-
lated clinical research studies [21,22]. In this context, an INN together
with a distinct descriptive paragraph helps stakeholders and patients
clearly distinguish those unproven cell-based interventions from cell
therapies that have undergone a regulatory process. To ensure
patient safety and pharmacovigilance, it is therefore crucial that the
INN Programme continues to adjust to this increasingly complex
landscape and carefully defines cell-based INN. With the revision of
the application form, the INN Programme now has a tool at hand that
will strengthen the precise definition of cell-based therapies and con-
tribute to the regulation of these substances.
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