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Abstract

Chimeric antigen receptor (CAR)-T cell therapy is one of the most promising advances in cancer treatment.

It is based on genetically modified T cells to express a CAR, which enables the recognition of the specific

tumour antigen of interest. To date, CAR-T cell therapies approved for commercialisation are designed to treat
haematological malignancies, showing impressive clinical efficacy in patients with relapsed or refractory advanced-
stage tumours. However, since they all use the patient’s own T cells as starting material (i.e. autologous use), they
have important limitations, including manufacturing delays, high production costs, difficulties in standardising the
preparation process, and production failures due to patient T cell dysfunction. Therefore, many efforts are currently
being devoted to contribute to the development of safe and effective therapies for allogeneic use, which should
be designed to overcome the most important risks they entail: immune rejection and graft-versus-host disease
(GVHD). This systematic review brings together the wide range of different approaches that have been studied

to achieve the production of allogeneic CAR-T cell therapies and discuss the advantages and disadvantages of
every strategy. The methods were classified in two major categories: those involving extra genetic modifications,
in addition to CAR integration, and those relying on the selection of alternative cell sources/subpopulations for
allogeneic CAR-T cell production (i.e. y& T cells, induced pluripotent stem cells (iPSCs), umbilical cord blood T

cells, memory T cells subpopulations, virus-specific T cells and cytokine-induced killer cells). We have observed
that, although genetic modification of T cells is the most widely used approach, new approaches combining

both methods have emerged. However, more preclinical and clinical research is needed to determine the most
appropriate strategy to bring this promising antitumour therapy to the clinical setting.
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Background

Chimeric antigen receptor (CAR)-T cell therapy has
arisen as one of the most promising therapeutic strate-
gies in cancer treatment. It is a class of advanced therapy
medicinal product (ATMP) based on the use of T cells
that are genetically modified to express a CAR, which
directs their activity against tumour cells expressing the
antigen of interest [1]. CAR molecules consist mainly of:
(i) an extracellular target antigen-binding domain, which
is commonly an antibody-derived single-chain variable
fragment (scFv), (ii) a hinge region, (iii) a transmembrane
domain, and (iv) an intracellular signalling domain that
mediates T cell activation (CD3(). Second-generation
CARs incorporate a co-stimulatory intracellular domain
(usually CD28 or 4-1BB), and third-generation CARs
include two co-stimulatory domains [2]. Furthermore,
fourth generation CAR-T cells contain additional fea-
tures that modulate their efficacy such as expression of
secreting molecules (cytokines, T cell engagers, agonists
or inhibitors of different cell receptors, etc.) or mem-
brane receptors (e.g. chemokine receptors) [3]. The gen-
eral manufacturing procedure and application of CAR-T
cell therapy is illustrated in Fig. 1.

Landscape of approved CAR-T cell therapies

To date, all CAR-T cell therapies approved for commer-
cialisation by the Food and Drug Administration (FDA)
and the European Medicines Agency (EMA) are directed
to treat relapsed or refractory (r/r) haematological
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malignancies. The first CAR-T therapy, tisagenlecleucel
(Kymriah™) was approved by the FDA in 2017 to treat r/r
acute lymphoblastic leukaemia (ALL) and the following
year it was authorised against r/r diffuse large B cell lym-
phoma (DLBCL) [4]. In Europe, it was authorised by the
EMA for both indications in 2018 [5]. Axicabtagene cilo-
leucel (Yescarta™) was also commercialised in 2017 for
certain types of r/r large B cell ymphoma (LBCL) such as
DLBCL, primary mediastinal large B cell lymphoma, high
grade B cell lymphoma or DLBCL secondary to follicular
lymphoma, and later (2021) also for follicular lymphoma
[6]. Brexucabtagene autoleucel (Tecartus™) was FDA-
approved in 2020 for r/r mantle cell lymphoma (MCL)
and, in 2021, for r/r B cell precursor ALL [7]. In 2021,
lisocabtagene maraleucel (Breyanzi™) was authorised for
r/r LBCL including DLBCL, high grade B cell lymphoma,
primary mediastinal large B cell lymphoma, and follicular
lymphoma grade 3B. Idecabtagene vicleucel (Abecma™)
was commercialised in the same year for r/r multiple
myeloma [8, 9]. The last FDA- and EMA-approved
CAR-T cell product has been ciltacabtagene autoleucel
(Carvykti™) in 2022, for multiple myeloma [10]. In addi-
tion, in 2021, the Spanish Agency of Medicines and Med-
ical Devices (AEMPS) approved for ALL, with a special
local authorisation called “hospital exemption’, the prod-
uct ARI-0001, a non-industrially manufactured CAR-T
cell therapy developed at the Hospital Clinic of Barcelona
that is the first approved medicine of this kind developed
entirely in Europe [11].
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Regarding the antigens of the commercialised anti-
tumour CAR-T therapies, idecabtagene vicleucel and
ciltacabtagene autoleucel are directed against the B cell
maturation antigen (BCMA), which overexpression and
activation is associated to multiple myeloma, while all
the others are designed to target CD19, a marker of B
cells. Moreover, all of them are for autologous use, which
implies that the patient’s own T cells are the starting
material for manufacturing. Therefore, these therapies
must be produced in a personalised manner, thus entail-
ing a number of disadvantages that mainly limit their
clinical application (developed in a subsequent section).
With regard to CAR generation, the commercialised
products are based on second-generation CARs, using
CD28 or 4-1BB as co-stimulatory domain fused to CD3{
signalling domain for full T cell activation [4, 6-10].
Lisocabtagene maraleucel additionally expresses a non-
functional truncated epidermal growth factor recep-
tor (EGFRt), which induces the ablation of the CAR-T
cells in vivo when an antibody against this receptor (e.g.
cetuximab) is administered [8, 12].

In addition, CAR technology has been also applied to
regulatory T cells (Tregs), which possess immunoregula-
tory function, in order to develop CAR-Tregs directed to
promote tolerance to skin allografts [13] or pancreas (in
cases of organ transplant or type 1 diabetes) [14, 15] and
to treat graft-versus-host disease (GvHD) [16].

Therapeutic efficacy and main complications of
CAR-T cells

CAR-T cell therapy has emerged as a strategic need for
cancer immunotherapy to treat haematological tumours,
which are, in general, very aggressive diseases, thus
resulting in poor patient outcomes. For example, ALL
has a very bad prognosis in adult population with a long-
term (5 years) survival rate of 35-45% [17]. Conversely,
with the same chemotherapy strategy, paediatric popu-
lation is highly curable with a long-term survival rate of
90% [17, 18]; however, this decreases to 50% after the first
tumour relapse [18]. Regarding DLBCL, 60% of patients
achieve an effective remission after rituximab and mul-
tiagent chemotherapy treatment. Nevertheless, about
30-40% of patients relapse and 10% are refractory pri-
mary cases [19].

In contrast, according to a meta-analysis evaluating the
efficacy of CAR-T therapies axicabtagene ciloleucel, tisa-
genlecleucel and lysocabtagene maraleucel in different
haematological tumours, the complete response rate is
over 50% and the complete and/or partial response rate is
nearly 70% [20]. For this reason, CAR-T cell therapy has
experienced a great growth in recent years; however, it is
generally being indicated only for patients with r/r dis-
ease after at least two lines of treatment.
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Regarding the real-world data, the results obtained
in comparison with the pivotal clinical trials are very
similar. For example, the overall response rate (ORR)
and the complete response rate (CRR) for tisagenle-
cleucel in r/r DLBCL were 66% and 42%, respectively,
in the real-world data, and 52% and 40% in the pivotal
clinical trial (JULIET). In the case of axicabtagene cilo-
leucel in r/r DLBCL, the ORR and CRR were 80% and
60%, respectively, and 82% and 58% in the pivotal clini-
cal trial (ZUMA-1). In this study, they showed that the
ORR/CRR was better with axicabtagene ciloleucel and
also the 1-year progression-free survival (46.6% axicabta-
gene ciloleucel and 33.2% tisagenlecleucel) and the 1-year
overall survival (63.5% and 48.8%, respectively) [21].

The main complications of CAR-T cell therapy are the
cytokine release syndrome (CRS), which is characterised
by a systemic inflammatory response derived from an
exacerbated immune response, and the immune effector
cell-associated neurotoxicity syndrome (ICANS), which
is a non-site-specific central nervous system involvement
[22]. According to the meta-analysis of axicabtagene cilo-
leucel, tisagenlecleucel and lysocabtagene maraleucel,
13% of all treated patients had severe CRS and 22% devel-
oped ICANS [20]. In a comparative analysis between axi-
cabtagene ciloleucel and tisagenlecleucel with real-world
data in r/r DLBCL patients, the incidence of grade 1-2
CRS was greater in axicabtagene ciloleucel but that of
grade 3 CRS was not significantly different. Regarding
ICANS, it was significantly more frequent (both grades
1-2 and 23) after the treatment with axicabtagene cilo-
leucel [21].

An additional important issue regarding CAR-T cell
therapy is target antigen selection and CAR design,
which greatly define the specificity, efficacy and safety of
the treatment. The identification of non-malignant tis-
sues expressing the CAR target and the consequent pos-
sible on-target off-tumour effects is critical before patient
application. Currently, this is one of the most relevant
problems to be solved in the designed of novel CAR-T
cell therapies, especially to treat solid tumours [23].

Limitations of autologous CAR-T cell therapies and
the potential of allogeneic use

The commercialised autologous CAR-T cell therapies are
achieving great clinical results, with complete responses
even in patients with advanced tumours not respond-
ing to conventional treatments; however, patients’ T
cells may be dysfunctional and exhausted, which influ-
ences the potency and variability of CAR-T cell prod-
ucts. This can be caused by patient age, the number
of previous lines of treatment, the disease itself and, in
solid tumours, also by local immune suppression and the
effects of prolonged T cell stimulation [24, 25]. In addi-
tion, autologous CAR-T cell therapies are individualised
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products, thus entailing theoretically higher costs and
manufacturing time, usually around 2-3 weeks [26, 27].
Moreover, in patients with refractory leukaemias, there
are often large numbers of circulating leukaemic cells
that can be extracted along with healthy lymphocytes and
thus contaminate the product. It has been suggested that
CAR-transduced cancer cells present on therapy may be
associated with down-regulation of the target antigen
leading to patient relapse by this newly generated popula-
tion [28].

The production of CAR-T cells for allogeneic use may
overcome the drawbacks of autologous therapies. The
employment of healthy donor T cells can increase the
viability and accessibility of the treatment. Moreover,
it allows the availability of cryopreserved batches for
immediate treatment, greater standardisation of the
product, and the possibility of re-dosing and combin-
ing CAR-T cells directed against different targets [26,
27]. Interestingly, recent studies focus on reducing the
time for CAR-T cell manufacturing, and an autologous
anti-CD19 CAR-T cell therapy has been obtained in less
than two days that, in comparison with common longer
production processes used to manufacture commer-
cialised CAR-T therapies, show increased proportion
of naive T cells (Tn) / stem cell memory T cells (Tscm),
higher antitumour potency and cytokine secretion in
vitro and enhanced expansion and antitumour efficacy
in vivo [29]. The CAR-T cell product manufactured with
the novel process is being used in a clinical trial that is
so far demonstrating a positive safety profile [30]. How-
ever, patient-derived CAR-T cells have shown reduced
potency compared to healthy donor-derived CAR-T cells
and even among healthy donors there are differences in
proliferation and cytotoxicity that appear to be related to
the proportion of memory T cell subtypes at the begin-
ning of the manufacturing [25]. Therefore, the use of
donor-derived T cells and donor selection for CAR-T
cell manufacturing would largely contribute to product
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standardisation. Table 1 summarises the advantages and
disadvantages of autologous and allogeneic CAR-T cells.

To develop a safe allogeneic therapy, two major poten-
tial problems with the allogeneic use of T cells must be
resolved: GvHD, which is mainly produced by a T cell
receptor (TCR)-mediated immune response to host tis-
sues that can be life-threatening, and graft rejection by
the recipient’s immune system, which can limit the effec-
tiveness of the therapy [26, 31]. This is because the host
immune cells, mainly by detecting foreign human leuko-
cyte antigen (HLA) class I and class II molecules, recog-
nise allogeneic cells and eliminate them [32]. In contrast,
autologous therapy does not cause GvHD and, addition-
ally, it does not suffer immune rejection, therefore per-
sisting longer in vivo [26, 31].

The rapid advances in the development of CAR-T cell
therapies in recent years and the promising potential of
CAR-T cells for allogeneic use raises the need for a com-
prehensive review of the wide range of different produc-
tion strategies for allogeneic CAR-T cell therapies that
try to avoid the appearance of the problems mentioned
above. To our knowledge, the different strategies for
developing “off-the-shelf” CAR-T cells, ranging from
genetic engineering to selection of specific T cell subpop-
ulations, have not been systematically reviewed before.

Materials and methods

This systematic review was performed in compli-
ance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [33].

Search strategy

We tried to identify all publications describing strate-
gies for the production of allogeneic CAR-T cell thera-
pies. To that end, PubMed database was systematically
searched, in October 2022, using the following com-
bination of terms: “(chimeric antigen receptor[Title/
Abstract] OR CAR|[Title/Abstract]) AND (T cell[Title/
Abstract]) AND (allogeneic[Title/Abstract] OR donor

Table 1 Autologous vs. allogeneic CAR-T cell therapy: advantages and disadvantages. (GvHD: graft-versus-host disease)

ALLOGENEIC CAR-T CELLS

AUTOLOGOUS CAR-T CELLS
ADVANTAGES No risk of GvHD

Intermediate to long persistence (months or

years). No immune rejection.
DISADVANTAGES  High costs of manufacturing

Potential GvHD
Limited in vivo persistence: need of additional modifications TAGES
or patient immunosuppression. Potential immune rejection.
Possibility of large-scale manufacturing and, consequently,

DISADVAN-

ADVANTAGES

important potential cost reduction

Time of manufacturing (typically > 1 week)
may cause delays in patient treatment

Donor-dependent manufacturing efficiency

Characteristics of T cells affected by patient
age, cancer disease and/or treatments

Immediate availability for patient treatment

Possibility of product standardisation

Optimal quality of T cells due to obtaining from healthy
donors (viability, proliferation and potency) and possibility of

donor selection

Risk of product contaminated with tumour
cell (leukaemias; rare but serious)

No risk of product contamination by tumour cells
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derived[Title/Abstract] OR virus specific[Title/Abstract]
OR off the shelf[Title/Abstract])” Additionally, in order
to exclude reviews, meta-analysis, articles related to allo-
geneic hematopoietic stem cell transplantation and CAR-
modified cells different than T cells, we added in the
search the following: “NOT (review[Publication Type])
NOT (systematic review[Publication Type]) NOT (meta-
analysis[Publication Type]) NOT (cell, NK[MeSH Terms])
NOT (hematopoietic stem cell transplantation[MeSH
Terms]) NOT (stem cell transplant[Title/Abstract]) NOT
(stem cell transplantation[Title/Abstract]) NOT (CAR
NK[Title/Abstract]) NOT (chimeric antigen receptor
NK{[Title/Abstract]) NOT (CAR-macrophage cells[Title/
Abstract])”.

Eligibility criteria

The reported data was screened with the following inclu-
sion criteria: investigations that studied strategies for the
production of allogeneic CAR-T cell therapies. The exclu-
sion criteria were as follows: studies not using/describ-
ing (1) an allogeneic therapy strategy, (2) a CAR therapy
or (3) a therapy based on T cells; (4) studies related to
CAR therapy targeting viral diseases; (5) studies with
CAR-Tregs, not intended for cancer treatment; (6) stud-
ies focusing only on CAR-T manufacturing systems; (7)
reviews; (8) meta-analysis; (9) news; (10) interviews; and
(11) studies not available in full text in English or Spanish
languages.

Study selection

Obtained search results were screened based on title and
abstract. In a second step, the full texts of the remaining
papers were evaluated to be included in the systematic
review. Study screening and selection was performed by
two independent reviewers.

Results

Selection of relevant studies

The selection process for the systematic review is shown
in the PRISMA flow diagram (Fig. 2). A total of 179 arti-
cles were initially identified using the search terms (see
previous section) and 61 studies were finally included
after screening and eligibility assessment. These articles
were comprehensively read to identify the different strat-
egies reported for allogeneic CAR-T cells production. We
identified two main categories into which these strate-
gies could be divided: (i) those involving extra genetic
modifications, in addition to CAR integration, and (ii)
those relying on the selection of alternative sources or
subpopulations of T cells. The concrete strategies for
allogeneic CAR-T cell production identified in the sys-
tematic review and their advantages and disadvantages
are summarised in Fig. 3 and Table 2, respectively. In
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the following sections, we describe in detail the different
strategies and the reported studies related.

Additional genetic modifications for allogeneic CAR-T cell
production

All CAR-T cells, both autologous and allogeneic, are
genetically-modified T cells to express the specific
CAR molecule. Moreover, one of the main strategies to
enable the allogeneic use of CAR-T cells manufactured
from healthy donor T cells involves the addition of extra
genetic modifications in the manufacturing process.

Genetic strategies to enable allogeneic use of CAR-T cells

As previously mentioned, the two main potential prob-
lems of the allogeneic use of T cells are GvHD and
immune rejection. The former can be avoided by elimi-
nating the TCR, usually through the knockout of the con-
stant domain of one of its chains (a or ), or by replacing
some TCR subunits that impedes its antigen recognition
function [45, 93]. However, although the absence of TCR
controlled the tumour burden in vivo without alloreac-
tivity, the long-term persistence was lower compared to
CAR-T cells with endogenous TCR in patient-derived
mouse xenografts [94].

Regarding immune rejection, it is avoided by prevent-
ing the expression of HLA class I (HLA-I) molecules by
knocking out their common subunit f2-microglobulin
(encoded by B2M gene), which prevents the recipient’s
T cells from recognising the therapeutic cells as foreign
through their TCR [36]. However, HLA-I negative T cells
are susceptible of being lysed by host natural killer (NK)
cells; to avoid this, a study applied the strategy of induc-
ing the constitutive expression of mutant B2M-HLA-E
and B2M-HLA-G fusion proteins [95]. Furthermore, acti-
vated T cells also express HLA class II (HLA-II) mole-
cules, whose incompatibility can trigger the activation of
receptor alloreactive CD4* T cells [36]. Therefore, some
authors propose for allogeneic CAR-T cell manufacturing
knocking out either the CIITA gene, which is an impor-
tant transcriptional activator of HLA-II genes [39], or
the HLA-DRA, -DQA and -DPA genes, which encode the
a-chains of HLA-II molecules, which are less polymor-
phic than p chains, thus resulting in higher efficiency for
eliminating HLA-II expression [36].

Different gene editing technologies have been uti-
lised for deleting the aforementioned genes, such as the
CRISPR/Cas9 system [35], zinc finger nucleases (ZFNs)
[58], or transcription activator-like effector nucleases
(TALENSs) [57]. CRISPR/Cas9 technology is the most
widely used because it has demostrated a remarkably
low rate of off-target mutagenesis in T cells [40, 48]. In
addition, a specific high-fidelity Cas9 mutant, called
eSpCas9, did not cause any detectable off-target effect,
making it an even safer technology [48]. To study the
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Fig. 2 Flow diagram summarizing the selection process for studies included in the systematic review

expected decreased alloreactivity, Ren et al. co-cultured
TCR™/HLA-I" T cells and irradiated allogeneic periph-
eral blood mononuclear cells (PBMC) and observed
that they triggered only a minimal response, which was
hypothesised to be mediated by NK cells from the PBMC
population [48]. Moreover, this group developed an allo-
geneic CAR-T cell prototype by introducing the gRNAs
directed to eliminate TCR and HLA-I expression in a
lentiviral vector together with the CAR transgene, thus
achieving constitutive expression of the gRNAs and the
consequent increase in the knockout efficiency and pop-
ulation homogeneity [35, 40].

Since multiplex editing with Cas9 nuclease may cause
risk of gene rearrangements and chromosomal instabil-
ity due to double-strand breaks, it has also been pro-
posed the use of base-editing proteins, such as BE3 and
BE4, aimed at inducing exon skipping by disrupting
splice acceptor sites or creating premature stop codons,

thus avoiding double-strand breaks and minimising the
genetic risk [56].

Another technique employed to produce allogeneic
CAR-T cells is TALEN, which has achieved only double
gene disruption, in contrast to the CRISPR/Cas9 system
by which quadruple knockouts have been reported [35].
This is owed to the complexity of the construct and the
difficulty of targeting several genes with TALEN technol-
ogy, which is also the case with ZEN [48]. Some groups
have developed TALEN-edited CAR-T cells with differ-
ent modifications such as TCR™/CD52~ [25, 41, 43] or
TCR™/dCK™ [34], which avoid GvHD due to elimination
of TCR and are resistant to other concomitant treat-
ments such as alemtuzumab, a chemotherapeutic agent
which targets CD52, or to purine nucleoside analogues,
antitumour prodrugs activated by the enzyme deoxycyti-
dine kinase (dCK), respectively [25, 34, 41, 43].

It has also been reported a strategy that combines
TCR deletion with CAR transgene integration by using
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adeno-associated virus (AAV)-based vectors, in which
the CAR is integrated in a targeted manner in the TRAC
gene locus, thus avoiding the random integration of CAR
gene that occurs with lentiviral vectors. Integration is
achieved by homology-directed recombination after dis-
rupting the TRAC gene by a nuclease such as Cas9 [24],
TRAC megaTAL [52], or TRC1-2 (a single-chain vari-
ant of I-Crel) [53]. Jo et al. went a step further by tar-
geting with TALEN the TRAC and B2M genes where
they inserted the CAR and HLA-E encoding-genes,
respectively, using AAVs. In this study, they observed an
increase of persistence and antitumour effect of the allo-
geneic CAR-T cells in presence of NK cells in vivo and in
vitro, respectively, due to HLA-E expression [60]. On the
other hand, to avoid the use of viral vectors, Yang et al.
used the same CAR targeted integration strategy using a
TALEN nuclease and naked double-stranded DNA that
included the CAR sequence [54].

In relation to immune rejection, K3 and K5, protein
ubiquitin-ligases of human herpes virus-8, have been
demonstrated to down-regulate together HLA class
I (HLA-A, -B, -C) and HLA class II (HLA-DR), as well
as the NK cell activating ligands MICA and MICB, thus

avoiding both T cell and NK cell citotoxicity. This strat-
egy would contribute to the production of allogeneic
CAR-T cell therapies less prone to elimination by the
recipient’s immune system [51]. Another challenge to
be met, especially in the treatment of solid tumours, is
the difficulty of trafficking and infiltration of the tumour
and the immunosuppressive tumour microenvironment,
together with the appearance of T cell exhaustion phe-
notype upon repeated activation [96]. In this regard, the
inhibition of immune checkpoints using monoclonal
antibodies is a widespread strategy in the field of oncol-
ogy, given its good results in enhancing antitumour
immunity. However, this approach entails the potential
risk of breaking peripheral tolerance, which might trigger
autoimmune responses [38]. Therefore, the silencing of
genes encoding molecules involved in this signalling axis,
including programmed cell death 1 (PD1) and cytotoxic
T-lymphocyte antigen 4 (CTLA-4), which are inhibitory
receptors related to T cell exhaustion and the immune
escape of tumour cells, are being studied with the aim of
increasing cytotoxic activity [24, 35, 38, 48]. Also, Ren et
al. performed the knockout of Fas receptor to prevent the
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attenuation of CAR-T cell activity due to Fas-FasL cell
signalling that triggers activation-induced cell death [35].

To increase the safety of these therapies, suicide
switches can be inserted, such as inducible Caspase
9, which produces apoptosis upon administration of a
small molecule drug [55], or rituximab-binding domains,
which allow CAR-T cells to be depleted by administering
this monoclonal antibody [25, 37, 42, 43].

In case of treating T cell malignancies, a major obstacle
is that the CAR target antigen is shared by CAR-T cells
and malignant T cells, which leads to therapeutic T cell
fratricide. To avoid this, the target molecule should be
eliminated in the therapeutic cells. Cooper et al. devel-
oped an “off-the-shelf” CAR-T cell therapy by eliminat-
ing TCR and CD7 expression in CAR-T cells directed
towards CD7 antigen [47]. In this regard, GC027, a
CAR-T cell product that shares these characteristics, has
been studied in a phase I clinical trial with promising
preliminary results [46].

Moreover, in order to avoid the residual TCR* T cells
that might cause GvHD, Juillerat et al. induced the tran-
sient expression of an additional CAR that targets CD3,
which eliminate the TCR* CAR-T cells, leading to a
very high proportion of TCRaf~ population in the final
CAR-T cell product [44].

The strategies involving additional genetic modifica-
tions (besides introducing the CAR transgene) are very
versatile and offer unlimited options not only to allow
the allogeneic use of CAR-T cell products, but also to
improve different characteristics of the therapeutic
cells to increase persistence, infiltration, antitumour
efficacy, safety profile, etc. Although high levels of effi-
ciency can be achieved, for example, in gene knockout
in human T cells (e.g. around 70-90% TRAC gene dis-
ruption obtained by using different procedures based on
CRISPR/Cas9 technology [35]) and gene modification
technologies are rapidly improving, these procedures
need an important previous work to be optimised, and
usually additional selection steps are needed during the
manufacturing process to obtain the purified CAR-T cells
with the desired phenotype.

Alternatives to TCRa elimination
Eliminating the membrane expression of TCR complex is
the most widely used strategy for the production of allo-
geneic CAR-T cells based on additional genetic modifi-
cations. However, this involves the loss of cell surface
expression of CD3 subunits, which are part of the TCR
complex, and complicate their survival and expansion
capacity ex vivo, as CD3/CD28 stimulation is often used
for activation of T cells in culture [93].

An alternative approach was reported by Galetto et
al. who replaced the expression of the TCRa subunit in
T cells with a pre-TCRa, an endogenous substitute for
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the a-chain of the TCR involved in T cell maturation. To
accomplish this, they eliminated the TRAC locus using
TALEN and then inserted the gene encoding a trun-
cated form of pre-TCRa by lentiviral transduction. The
pre-TCRa is able to form disulphide bridges with the
B-chains of the TCR and to form complexes with CD3 on
the membrane, allowing subsequent stimulation by CD3
and thus cell proliferation. Moreover, they observed no
evidence of GvHD when they infused pre-TCRa* T cells
in a NOG mouse xenograft model [93].

More strategies have been developed to avoid disrupt-
ing the TCR. An example is the study by Michaux et
al. who introduced a gene encoding a truncated CD3{
peptide that competes with endogenous CD3( for the
formation of the TCR complex, giving attenuated TCR
responses and avoiding GvHD [49].

Another approach is to reduce the TCR complex for-
mation by the expression of a protein expression blocker
which retains CD3e [50]. Although TCR elimination
would be avoided, in this case the strategy would not
allow CD3-mediated T cell activation.

Selection of specific cell sources/subpopulations for
allogeneic CAR-T cell production

The use of T cells obtained from a compatible donor as
starting material for allogeneic CAR-T cell manufactur-
ing is a technically simple strategy. However, it depends
on donor availability and maintains the main disadvan-
tages of autologous therapies, such as high cost, lack of
standardisation and manufacturing time. It is not a truly
“off-the-shelf” therapy, but has been used experimentally
in some patients [55, 97]. Additionally, several studies
investigate the use of specific cell sources or subpopula-
tions to produce “off-the-shelf” CAR-T cell therapies. In
the following, we describe these different strategies that
in most cases are based on the selection of a specific sub-
population that would allow allogeneic use without caus-
ing GvHD.

yé T cells

While most human T cells are afp T cells, yd T cells rep-
resent only 1-5% of circulating T cells, although they
are prevalent in some epithelial tissues [65]. These cells
are involved in the innate immunity, but are also modu-
lators in the adaptive immunity and can target tumour
cells indirectly [63]. They are involved in antitumour
immunity and tumour surveillance and their tumour
infiltration is highly correlated with patient survival [62].
Interestingly, it has been observed in vitro that y8 T cells
are able to target tumour-associated macrophages, which
are one of the main agents of tumour microenvironment-
immunosuppression [69]. y§ T cells express TCRyd
and recognise their target cells in an HLA-independent
manner leading to low or no risk of GvHD, so they can
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be used for allogeneic clinical application without elimi-
nating TCR expression or signalling [62, 64]. Specifically,
the TCRyS$ recognises native unprocessed antigens, while
TCRap (characteristic of aff T cells) recognises processed
peptide antigens presented by HLA molecules [62]. In
addition to the targets recognised by TCRy$, these cells
can recognise stressed, damaged, infected and malignant
cells through NK-specific receptors, in particular the nat-
ural killer group 2D receptor (NKG2D) [62, 67].

y8 T cells can be classified into two main subsets based
on their V& chains: V61 and V82. V82 T cells are enriched
in circulating peripheral blood, while V81 T cells are pre-
dominantly tissue-resident [63], although they also rep-
resent 12—-22% of total circulating y0 T cells [62]. Zhai et
al. used for CAR-T cell production the VyoVd2 T cells,
a subtype of V52, which is the main subset in peripheral
blood and, in addition, they can act as antigen-present-
ing cells (APC) after their activation, which may play
a key role in enhancing the immune response. In this
study, the authors demonstrate that CAR-Vy9V82 T cells
have similar or stronger cytotoxic effects than common
CAR-T cells (based on af T cells), although their cyto-
toxic capacity in vitro was less persistent [65]. On the
other hand, V81 T cells are also used as sources for allo-
geneic CAR-T cells because of their naive-like memory
phenotype, tissue tropism and reduced susceptibility to
activation-induced cell death [68]. This subset demon-
strated tumour growth inhibition and absence of GvHD
in immunodeficient mice [62]. Furthermore, after expan-
sion, they presented a mainly naive-like memory pheno-
type with low exhaustion level [67].

The main problem with these cells, apart from their
low levels in human tissues, is the difficulty of in vitro
expansion, so different strategies are being studied in this
regard. Interestingly, it has been found that the donors’
healthy lifestyle and physical exercise immediately prior
to PBMCs extraction correlate with higher ex vivo expan-
sion of Y8 T cells. The same authors reported also that
interleukin (IL)-21 increased proliferation of y6 T cells
that did not show proliferation in culture at first [63].
Other studies expose the cells to zoledronate for both in
vitro and in vivo expansion of y§ T cells [64]. To expand
a specific subset like V31, Polito et al. co-cultured the
y8 T cells with artificial APCs, irradiated and modified
to express CD86/41BBL/CD40L and the cytomegalovi-
rus (CMV)-antigen-pp65. These APCs were designed to
express also an inducible suicide gene that allows to elim-
inate them from the final product [68]. Ferry et al. also
expanded V81 T cells by stimulating TCRap- and CD56-
depleted PBMCs with anti-CD3 and IL-15 [70]. Another
strategy to expand this subpopulation is based on an
agonistic monoclonal antibody directed against the V1
chain [67]. An anti-CD20 V81 yd CAR-T cell product
manufactured using this method has shown very good
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results in B cell lymphoma animal models and is being
tested in phase I clinical trials [62].

A different approach assayed with y0 T cells is based
on the transduction of a non-signalling CAR (NSCAR),
which lacks the intracellular activator domain, thus
serving only to direct the therapeutic cells to the target
cells, but the antitumour effect is performed through
their inherent cytotoxic activity. These cells showed an
increased cytotoxic activity compared to naive cells [66].

Induced pluripotent stem cells (iPSCs)
iPSCs have an unlimited proliferation capacity, while
maintaining their pluripotency and lineage differentia-
tion potential [72]. Therefore, a bank of iPSC lines with
different homozygous HLA combinations could be gen-
erated that could reduce the risk of immune rejection of
CAR-T cells derived from them, by choosing the optimal
iPSC source according to HLA matching between host
and graft. Another option is the use of gene editing to
eliminate HLA-I and/or HLA-II expression, as described
in previous sections, which must be combined with TCR
elimination to avoid GvHD [73, 75, 77]. An advantage of
using iPSCs is that CAR-T cells can be generated from a
single iPSC clone with the capacity for clonal expansion
and therefore the genetic modifications they undergo
would be homogeneous in the final cell population [72].
However, the quality controls should be strict because
undifferentiated proliferating iPSCs may compromise
product safety, since they could induce important adverse
effects such as teratomas [98].

iPSCs can be developed from different cell types, such
as fibroblasts or lymphocytes, that are reprogrammed
into a less differentiated cell by inducing the expression of
specific factors. For example, Wang et al. generated iPSCs
from naive or memory T cells (CD62L") using the follow-
ing factors: KLF4, OCT3/4, SOX2, LIN28, L-MYC, and
shRNA for TP53. Selected iPSCs clones are transduced
with the CAR, and CAR-expressing cells are expanded
and subsequently differentiated into T cells, progress-
ing consecutively into mesoderm cells, haematopoietic
cells and finally T cells [72]. Other studies even repro-
grammed y& T cells into iPSCs as an attempt to avoid the
risk of GvHD [71] or generated iPSCs from T cells with
precise TCR specificity to recognise tumour cells through
both the CAR and the TCR [74]. However, van der Ste-
gen et al. observed that constitutive CAR expression in
T cell-derived iPSCs could interfere in the T cell matu-
ration by acquiring an innate phenotype, so they delayed
and regulated the CAR expression and modulated its sig-
nalling strength. In this way, they induced CAR-mediated
T cell maturation obtaining TCR™ CD8ap™ CAR-T cells,
which are similar to CD8ap* CAR-T cells from PBMCs,
and achieved tumour control in vivo without GvHD [77].
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To solve the problem of immune rejection, Wang et
al. produced iPSC-derived CAR-T cells that lack not
only HLA-T and HLA-II, but also the poliovirus recep-
tor CD155, which encodes a ligand for the NK cell-acti-
vating receptor DNAM-1. Moreover, they also induced
the expression of HLA-E, thus preventing rejection by
NKG2A* NK cells, as these cells eliminate HLA-I™ T cells
[75].

Umbilical cord blood T cells

Another source of T cells for allogeneic use is umbilical
cord blood (UCB), which is an enriched source of haema-
topoietic stem cells (HSCs). Access to this source would
be easy as there are large numbers of umbilical cord sam-
ples cryopreserved in cell banks; however, there is a lim-
ited total number of HSCs in each UCB [78, 79]. HSCs
are able to self-renew and expand ex vivo, and to differen-
tiate into T cells, at higher orders than in the manufacture
of autologous T cells. Furthermore, Boyd et al. obtained
from UCB a high percentage of y§ T cells, which may
be caused by the lack of thymic cortical epithelial cells,
which are necessary for positive TCRaf} selection. Pro-
ducing large numbers of these cells has many advantages
as mentioned above and, in addition, selection could
eliminate TCRaf* T cells, which are the major culprits
of both GvHD and autoimmunity [78]. In other study, Liu
et al. saw that CAR-T cells from UCB had higher naive
T cell proportions and longer tumour suppression in
vivo than CAR-T cells derived from patient peripheral
blood. In addition, this product released lower levels of
IL-10 and contained a lower proportion of Tregs, which
is indicative of better efficacy [80].

Van Caeneghem et al. selected CD34* HSCs from
cord blood and expanded them with OP9-DL1 feeder
cells. After being T-lineage committed, they transduced
the CAR gene and continued the culture with OP9-DL1
cells, differentiating them into T cells. These CAR-T cells
had a naive cell phenotype (CD45RA™ CD62L") and also
lacked membrane-expressed TCRaf complexes, thus
reducing the risk of GvHD. The authors explained that
this is because CAR expression suppressed TCRp rear-
rangements and drastically reduced TCRa rearrange-
ments. Therefore, these CAR-T cells effectively eliminate
tumour cells, while reducing the induction of GvHD [79].

Memory T cell subpopulations

An easier approach to achieve allogeneic CAR-T cell
therapy is the use of T cells with a specific memory phe-
notype. It is considered that their TCR has a specific-
ity directed to previously detected antigens, which are
expected to be different from those of the patient receiv-
ing the CAR-T cell therapy. This non-alloreactive TCR
together with the fact that they traffic less to organs that
manifest GvHD, such as the gastrointestinal tract, leads
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to memory T cells being less prone to develop GvHD
[83].

CAR-T cell manufacturing processes, including those
for autologous products, have been optimized to increase
enrichment in early memory T cell populations (i.e. Tscm
and central memory T cells, Tcm) because they possess
better proliferative and stemness potential than more
differentiated T cells [99] and have demonstrated high
expansion and persistence in vivo after adoptive T cell
transfer [100, 101]. A common strategy to achieve this
enrichment is the use of IL-7 and IL-15 instead of IL-2
for culturing supplementation, which has also demon-
strated to confer a higher antitumour response to CAR-T
cells [102]. Additionally, since T cell differentiation sub-
sets possess different metabolic demands, it has been
proposed to reprogram CAR-T cell metabolism in order
to modify the proportion of memory T cell subsets in
the final product, thus aiming to influence its antitumour
activity [103].

In contrast to the aforementioned characteristics of
memory T cells, Tn have high alloreactivity potential and
effector T cells have low persistence in vivo, both being
CD45RA* T cells [82, 83]. Therefore, to develop alloge-
neic CAR-T cells based on memory T cell selection, most
efforts to date have focused on depleting CD45RA* T
cells, since this strategy allows to eliminate both Tn and
differentiated effector T cells and to obtain a purified
population of Tcm and effector memory T cells (Tem).
Fernandez et al. followed this purification strategy using
magnetic bead-based technology under GMP condi-
tions, and they proved that the infusion of this CAR-T
cell product was safe in animal models [83]. Moreover,
Kim-Hoehamer et al. included an additional CD14*
depletion step to eliminate monocytes starting from
PBMCs. This study also showed that selected memory
T cells are able to respond to virus after ex vivo expan-
sion, thus maintaining their antiviral activity, which is
also beneficial to the patient, especially to treat virus-
induced tumours. Due to its good in vivo results, this
CAR-T CD45RA™/CD14~ cell therapy has received FDA
approval for clinical trials [81].

Some authors included selection with additional mark-
ers directed to specifically isolate the Tcm subpopu-
lation (CD45RA~/CD62L"), since it shows increased
persistence in vivo than Tem. For example, Wang et al.
selected CD8" Tcm cells to manufacture a new CAR-T
cell product that is being currently investigated in a phase
I/1I clinical trial [82]. However, even when selecting the
Tcm subpopulation initially, there are significant num-
bers of Tem after culture [82], but this occurs to a greater
extent when they are not selected [81, 83]. Regard-
ing the CD4:CD8 ratio, although some studies initially
focused on purifying the cytotoxic CD8" T cells, such as
the aforementioned by Wang et al. [82], many evidences
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revealed the important role of CD4* T cells in the antitu-
mour effect of CAR-T cell products, since even isolated
CD4* CAR-T cells have demonstrated to exert a strong
antitumour activity through a mechanism mainly based
on interferon (IFN)-y production [104].

Virus-specific T cells

Virus-specific T (VST) cells have a TCR that specifically
recognises viral antigens such as CMYV, Epstein-Barr
virus (EBV), Varicella Zoster virus (VZV), Adenovirus
(AdV) or Influenza [84, 85, 87-91]. Infusion of VST cells
has already been used in patients with Hodgkin lym-
phoma -almost 40% of whom express EBV-associated
antigens in their tumour cells- with good tolerance and
remission rates. This infection increases the proliferation
of the VST cells through stimulation of their TCR, thus
promoting the elimination of the EBV-infected memory
B cells that remain lifelong in lymphoid tissues. There-
fore, the addition of a specific CAR avoids resistance to
EBV-specific T cells as well as tumour relapse by immune
escape due to EBV antigen loss, thus improving the anti-
tumour effect [85]. A CAR-VST cell product with HER2-
specificity has been already proved in autologous use in
a phase I clinical trial, being safe and clinically beneficial
for patients with progressive glioblastoma with CMV
seropositivity [86]. Importantly, given the specificity of
their TCR towards different viral antigens, these thera-
peutic cells are potentially not alloreactive and could
be used as a cell source for allogeneic CAR-T cell prod-
ucts. Moreover, the specific viral antigens can be used to
enhance their activation, proliferation and persistence
(86, 91].

To obtain VST cells in vitro, PBMCs are exposed to
dendritic cells pulsed with different virus-specific pep-
tides [84, 90] or autologous virus-transformed B lympho-
blastoid cell lines, as some studies did for EBV [85, 88,
91]. They can be also co-cultured with autologous T cells
that are pulsed with a viral antigen vector or viral pep-
tide pools to express one [89] or more viral antigens [87],
respectively. Thus, these T cells can target different anti-
gens of one [85, 88, 89, 91], two [84, 90] or more types of
viruses [87].

As previously mentioned, some of the problems with
allogeneic CAR-T cells include that they have low per-
sistence and do not proliferate sufficiently after infusion,
especially in solid tumours, which have an immunosup-
pressive microenvironment. With the CAR-VST cells,
one of the ways to increase this proliferation and func-
tion in vivo is through their viral-specific TCR. Thus, in
the absence of viral re-activation or new infection, viral
vaccines or oncolytic viruses can be used to boost CAR-
VST cells, since they polarise immunity towards Thl
and enhance the activity of the therapeutic cells [84]. It
has been reported, for example, the enhancement of in
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vivo antitumour activity of CMV-CD19 bi-specific CAR
T cells -manufactured by transducing CMV-specific T
cells with an anti-CD19 CAR- by the administration of
anti-CMV vaccination. This strategy would also allow
to reduce ex vivo proliferation, which contributes to T
cell exhaustion, to increase CAR-T cell persistence and
duration of response, and to induce re-stimulation of T
cells in vivo in case of tumour relapse [105]. Moreover,
the infusion of irradiated APCs expressing the viral anti-
gen recognised by the endogenous TCR of the CAR-VST
cells also induce an increase in activation, proliferation,
and cytokine secretion and, consequently, enhance the
antitumour activity of the therapeutic cells [89]. Another
strategy to augment CAR-VSTs expansion in vivo is to
transfect an IL-7 receptor, which is not expressed on
Treg cells, so that IL-7 administration would activate
CAR-T cells and increase their proliferation and antitu-
mour activity even in the presence of Treg cells [91]. In
line with increasing in vivo persistence, Omer et al. have
used VSTs with a co-stimulatory CAR (CoCAR), which
lacks the CD3{ domain. Thus, the CoCAR is responsible
for inducing co-stimulatory signals, when it detects the
target antigen, and a survivin-specific transgenic TCR
is responsible for the first signal of T cell activation. In
this way, they modulate cytotoxicity, reduce potential on-
target/off-tumour toxicity of the CAR and enhance per-
sistence and antitumour activity of the CoCAR-VST cells
[90].

Cytokine-induced killer cells

Cytokine-induced killer (CIK) cells are effector T cells
with acquired NK-like cytotoxicity. They express T cell
markers and contain a high proportion of NK-like T
cells (CD3*CD56"). Generation of these cells is per-
formed by ex vivo culture of PBMCs, usually in pres-
ence of IL-2, IFN-y, and anti-CD3 monoclonal antibody.
CIK cells have the advantage of exhibiting non-HLA-
restricted cytotoxicity and very low alloreactivity, but
the heterogeneity of the cellular product obtained with
this procedure is an important disadvantage. Magnani
et al. produced CAR-CIK cells using the Sleeping Beauty
transposon plasmid system to introduce the CAR and
these cells were exposed to irradiated PBMCs from the
same source to avoid cell death caused by the non-viral
transfection, allowing effective gene transfer and efficient
T cell expansion. This CAR-CIK final product consists of
a heterogeneous T cell population; however, it induced a
highly competent T cell response with antitumour activ-
ity in vivo, and the maintenance of memory phenotype
might indicate that this response could be early and sus-
tained [92]. Nevertheless, the clinical trial showed that
the CAR-CIK product had moderate persistence, since it
ranged from 22 to 300 days after therapy administration,
with a median duration of 94 days [106]. This could be
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explained, at least in part, by the low proportion of early
memory T cells in the final product [92]. Indeed, some
authors demonstrated that CIK phenotype is very similar
to that described for the terminally differentiated mem-
ory T cell subset [107], which possess less proliferation
and persistence capacity in vivo.

Discussion

In this systematic review we have attempted to com-
pile, by means of a systematic search and following the
PRISMA guideline standards [33], all the reported strate-
gies for the development of CAR-T cells from allogeneic
sources, designed so that they do not produce GvHD and
are not rejected by the recipient.

CAR-T cell immunotherapy has arisen as a novel thera-
peutic strategy that has shown surprising efficacy in the
treatment of B cell neoplasms [20]. It has a very high
response rate over a prolonged period of time, leading to
tumour control and remission for several years in some
cases [26]. However, there are certain adverse effects of
CAR-T therapy to be aware of, such as CRS and ICANS
[22]. CAR-T cell efficacy lies not only in the structure of
the CAR, by which it can recognise specific surface anti-
gens, designed to direct the cytotoxic action on target
cells and to minimise the risk of toxicity to healthy tis-
sues; but also, in the nature/characteristics of the specific
T cell source used as starting material and the different
metabolism, expansion capacity, persistence and memory
phenotype of the product CAR-T cells [2].

So far, all CAR-T cell therapies approved for commer-
cialisation, as well as those tested in most clinical trials,
are autologous CAR-T cells [4, 6-10]. Autologous treat-
ments use the patient’s own cells and are therefore, a
priori, safer and more effective than allogeneic therapies,
as they are not immunogenic and persist in vivo for a lon-
ger term [26]. However, they depend on the quality of the
patient’s own T cells, require a manufacturing time from
apheresis to infusion that can be critical for the patient,
their standardization is limited by differences in patient
starting material, and large-scale manufacturing would
only be useful for retreating the same patient [25, 27].
In contrast, allogeneic CAR-T cell treatments are poten-
tially alloreactive and immunogenic, as they have the
risk to cause GvHD and their efficacy is conditioned by
host immune rejection [26, 31]. However, they have the
advantages of possible standardisation and large-scale
manufacturing, production from optimal cell sources,
theoretically lower manufacturing costs, and allowing
immediate treatment of the patient and even re-dosage
if necessary [26, 27]. In addition, an important advan-
tage of allogeneic over autologous products is that con-
tamination of the product with the patient’s tumour cells
is avoided, since a case has been described in which a
neoplastic cell was transduced with an anti-CD19 CAR,
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masking the cell's own CD19 molecules and becoming
resistant to therapy [108].

As we have seen, there are different approaches to
developing allogeneic CAR-T cell therapies. One of the
methods is the genetic modification (additional to CAR
transgene introduction) of T cells obtained from healthy
donors to remove TCR and HLA-I/-II molecules [48].
Among the different methodologies, CRISPR/Cas9 tech-
nology is the most commonly used approach due to low
rate of off-target mutagenesis, simplicity and accessibil-
ity [48]. However, TCR elimination may pose a problem
for ex vivo cell expansion, as this strategy prevents the
expression of the membrane CD3 subunit, involved in T
cell stimulation signalling and by which the cells are usu-
ally activated ex vivo to induce their proliferation [93].
Another problem is that CAR-T HLA™ cells can be recog-
nised and eliminated by NK cells [75]. One assayed strat-
egy to avoid this is the introduction of the B2M-HLA-E
and B2M-HLA-G fusion proteins, which bind to inhibi-
tory NK cell receptors NKG2A and KIR2DL4 as well as
LILRBI, respectively. The authors described that the con-
stitutive expression of these fusion proteins in CAR-T
cells prevented allogeneic NK cell-mediated lysis [95].
It is important to consider that the genetically modified
products have to go through a process of high regulation
and quality controls to check for off-target effects and
genetic rearrangements because gene editing tools may
act on untargeted genomic sites and create cleavages that
potentially produce adverse safety consequences [109].

The alternative to additional genetic modifications to
produce allogeneic CAR-T cells is to use a low alloreac-
tive T cell source or subpopulation. One of them are y§ T
cells, which have a cytotoxic phenotype and their ability
to infiltrate tissues makes them suitable for the treatment
of both haematological and solid tumours [62, 63]. In the
latter, common CAR-T cell therapy based on off T cells
has been less effective, so their development would be of
great interest [67]. Moreover, they are easy to manufac-
ture, recognise antigens independently of HLA and have
NK cell receptors, although their availability is low and
their ex vivo proliferation capacity may be limited [62,
64, 67]. CIK cells also have a cytotoxic phenotype similar
to NK cells, non-HLA-restricted cytotoxicity and there-
fore little alloreactivity, making them another interest-
ing option to be used in allogeneic CAR-T cell therapy;
however, it is a less explored strategy, probably due to the
high cell heterogeneity in the final product, with only one
reference identified in this systematic review [92]. VST
cells have a straightforward production and a non-allo-
reactive TCR that specifically recognises viral antigens,
thus also conferring protection against viral infections,
which may be advantageous in immunocompromised
patients and in the treatment of virus-induced cancers
[91]. They have been effective and safe in neoplasms such
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as Hodgkin’s lymphoma associated with EBV infection,
but their expansion and persistence in vivo is low [85]. In
order to increase them, some studies use commercially
available virus vaccines, among other strategies, to boost
the virus-specific T cells after infusion of the CAR-T
cell product, improving also the tumour control [110,
111]. Regarding memory T cells, Tcm and Tem (both
CD45RA™) are easy to obtain and have low alloreactive
TCRs, usually with antiviral activity, which makes them
an interesting option to develop allogeneic CAR-T cell
products [81, 83]. Additionally, Tscm cells are gaining rel-
evance because these cells are less differentiated and have
more self-renewal capacity than Tcm and Tem cells [82].
In vivo CAR-T cell studies have demonstrated that this
subpopulation show higher proliferation, longer persis-
tence, stronger antitumour activity, and lower exhaustion
profile, and that it is less prone to induce CRS, in com-
parison with unselected CAR-T cells [112].

Allogeneic T cells can also be obtained from UBC,
since some authors demonstrated that the HSCs-derived
T cells lacked surface-expressed TCRaf complexes, so
they have high immune tolerance and low incidence of
GvHD; however, UBC has a limited number of T cells
[78, 79]. Furthermore, another source is the iPSCs which
are probably the most complex to produce, as they also
require additional modifications, and the product should
be carefully analysed in order to avoid undifferenti-
ated iPSCs, unwanted genetic modifications and conse-
quent safety issues [73, 75, 98]. However, they have great
potential given their infinite capacity for self-renewal and
clonal expansion, which would result in a fully homoge-
neous product [72]. Once gene editing is optimised, it
could become a truly universal treatment.

Finally, an important issue in the production of allo-
geneic CAR-T cells, also relevant for autologous CAR-T
cell products, is the establishment of manufacturing
processes that achieve a high standardisation of the final
products, ideally making them more efficient and less
operator-dependent, as with the use of specific platforms
developed for this purpose [57, 83].

Conclusions

In conclusion, allogeneic CAR-T cell therapy has great
advantages over autologous CAR-T cell therapy due to
the possibilities of large-scale manufacturing and the
consequent potential cost reduction, greater standardi-
sation of the product, better quality of the therapeutic
cells, as well as immediate availability of the product to
treat the patients. In recent years, a wide range of dif-
ferent approaches have been studied to achieve the pro-
duction of allogeneic CAR-T cell therapies, which could
be classified into two main categories: those involving
extra genetic modifications, in addition to CAR trans-
gene introduction, and those relying on the selection of
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alternative cell sources/subpopulations as starting mate-
rial. The latter group encompasses novel strategies, many
of which have been reported in the last 5 years, includ-
ing the use as cell sources of y§ T cells, iPSCs, UCB T
cells, memory T cells subpopulations, VST cells and CIK
cells. Although genetic modification of T cells is the most
widely used approach, new strategies combining both
methods have emerged. However, further preclinical and
clinical research is needed to stablish the most appropri-
ate strategy for the production of allogeneic CAR-T cells,
which should minimise the major risks of this therapy:
GvHD and immune rejection. The commercialisation of
this kind of promising antitumour therapy could extend
the availability of CAR-T cells to a larger number of
patients.
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