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Abstract

As the field of cellular and genetic therapies transitions from a scientific concept to a clinical
reality, it has become evident that there are several conflicting or imprecise nomenclatures to
describe these novel therapeutic products. The lack of uniformity and accuracy in the terminology
often creates regulatory, educational, administrative, and billing quagmires. Standardization

of the nomenclature for these therapeutic products is essential for a harmonized regulatory

and developmental framework, development of training paradigms and educational programs,
equitable and rational decisions about accessibility, and consistency in the billing and coding
structures used for reimbursement. In this manuscript, we propose an updated framework as a
foundation for categorizing these cell-based and genetically modified therapies.
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Introduction

Given the novelty and complexity of current and emerging cellular and gene therapies
(CGTs), it is understandable that there are many examples of conflicting or imprecise
definitions and descriptions of these products. Within weeks of the commercial availability
of chimeric antigen receptor T-cell (CAR-T) therapy in the United States, it had been
described in governmental, scientific, payer and patient-facing materials in a plethora of
ways: a “living drug”, a prescription cancer treatment, an immunotherapy, a cellular therapy,
immune effector cell therapy, and a gene therapy, among others.1=>

The rapid growth of CGTs in the last few years suggests that these therapies are now a
permanent part of the clinical landscape and therefore necessitates seeking a widespread
definitional understanding among clinicians, scientists, patients, and other stakeholders
regarding what constitutes a cellular therapy or gene therapy. While the purpose for which
each stakeholder categorizes these therapeutic interventions varies — ranging anywhere from
scientific presentations, clinical decision-making, coding healthcare encounters or seeking
insurance authorizations — the first step towards harmonizing the categorization of these
therapies is the development of an accurate and uniform taxonomy.

In 2013, a task force established by the American Society for Blood and Marrow
Transplantation (ASBMT) (now known as the American Society for Transplantation

and Cellular Therapy [ASTCT]) authored a document that established standardized
terminology for stem cell transplantation and related cellular product infusions.®

Since that time, the introduction of CAR-T therapy’~2 and the development of
genetically modified hematopoietic stem and progenitor cells (HSPCs) for patients

with primary immunodeficiency disorders,19 11 inborn errors of metabolism,12: 13 and
hemoglobinopathies'4-16 have created the need for additional clarification and purposeful
categorization.

Novel CGT products include aspects of hematopoietic cell transplantation (HCT), cellular
therapy, genetically modified cellular products and gene therapy. To this end, the taxonomy
needs to be revised to add precision and provide standardization for clinical, research,
regulatory, and billing purposes to facilitate communication regarding novel CGT products.
A comparison of terms used by the United States (US) Food and Drug Administration
(FDA), the Foundation for the Accreditation of Cellular Therapy (FACT), and the

Centers for Medicare & Medicaid Services (CMS) illustrates the potential for ambiguity
—and confusion in some cases — among both scientific and layperson stakeholders. A
uniform nomenclature and categorization for these novel therapies should capture their
therapeutic intent, the specific processes surrounding their administration as well as genetic
manipulation (if any). Such a nomenclature will unify some of these therapeutic platforms,
clarify the terminology, and provide clear definitions for the different approaches by which
human cells are manipulated and administered for therapeutic benefit. This clarification
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will facilitate a clear regulatory framework; harmonize supervision and accreditation
processes; standardize long-term follow-up for efficacy and risk assessment (potentially
improving cross-product comparisons); develop useful training resources and patient
education materials; and develop equitable and rational decisions for coverage, coding, and
reimbursement.

As a first step, and in alignment with our expertise, we limit our scope to therapeutics
involving cells of hematopoietic origin. Due to the primary focus of the ASTCT on cells

of hematopoietic origin, the following discussion specifically excludes neuronal, cardiac,
musculoskeletal, and all other non-hematopoietic cellular therapies or gene transfer directed
to non-hematopoietic organs.

Stakeholders and Nomenclature Discrepancies

In the US, the FDA sets the regulatory framework for clinical trials and approval of
therapeutic agents like CGTs. Specifically, the FDA Center for Biologics Evaluation and
Research (CBER) regulates cellular therapy products and human gene therapy products as
biologics, as well as some devices related to cellular and gene therapy. Even within the FDA,
however, the terminology applied to CGT varies. Tisagenlecleucel, a CAR-T product, was
referred to as “the first gene therapy [in] the United States”, a “cell-based gene therapy”,
and a “genetically-modified autologous T-cell immunotherapy” all within the same FDA
press release announcing its marketing approval in 2017.4 Further, according to the FDA,
cellular therapy products “include cellular immunotherapies, cancer vaccines, and other
types of both autologous and allogeneic cells for certain therapeutic indications, including
hematopoietic stem cells and adult and embryonic stem cells.” Human gene therapy, on
the other hand, seeks to “modify or manipulate the expression of a gene or to alter the
biologic properties of living cells for therapeutic use.”1” In a recent proposed guidance on
the development of CAR-T products, the FDA called these products “human gene therapy
products.”18 A comparison of the above definitions reveals a considerable overlap that
reflects the ambiguities in the field.

FACT sets standards and accredits clinical sites that conduct cellular therapy trials, treat
patients with cellular therapies and/or produce the CGT products used in these trials.
FACT was co-founded by the International Society for Cell and Gene Therapy (ISCT)

and the ASBMT (now the ASTCT) in 1996 to establish and maintain standards for

clinical and laboratory practice in cellular therapy. Currently, more than 90% of all eligible
facilities in the US are FACT accredited; the standards promulgated by FACT are also
used in Canada, many European countries, Australia, and New Zealand. The scope of the
standards established by FACT and its European counterpart JACIE (Joint Accreditation
Committee—ISCT and EBMT) includes hematopoietic progenitor cells (HPCs), nucleated
and mononuclear cells derived from hematopoietic tissues, immune effector cells (IECs),
and genetically modified cells.1® While FACT defines these cellular products precisely,
FACT definitions do not always align with those used by the FDA. The terms used by both
FDA and FACT are accurate, but the complexities, nuances, redundancy in terminology and
lack of reference to a hierarchical framework can lead to confusion among various new
stakeholders as these products enter more mainstream clinical practice.
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All payers and providers in the US are required to report therapies and services furnished
to patients using the official code sets set out in the Health Insurance Portability and
Accountability Act (HIPAA) standards (Code of Federal Regulations, 45 CFR § 160.102
and 45 CFR § 162.1000-1011). The code sets mandated for use include the International
Classification of Diseases (ICD) diagnosis and procedure codes and the Health Care
Procedural Coding System (HCPCS), which includes the American Medical Association’s
Common Procedural Coding (CPT). In the US, these code sets are inextricably linked to the
coverage and reimbursement methodologies for payers. Therefore, accurate representation
of the services provided by healthcare providers by using terms that are descriptively clear,
precise and in alignment with coding convention is essential for payer reimbursement as
well.

Lastly, a review of how the ICD coding managers have grappled with the coding

of cellular and gene therapies demonstrates why clear terminology will assist payers,
providers and coders to correctly identify and report the provision of gene therapies.

The ICD-10 Coordination and Maintenance Committee (C&M Committee)20, a Federal
interdepartmental committee of representatives from CMS and the Center for Disease
Control and Prevention’s (CDC) National Center for Health Statistics (NCHS) hosts bi-
annual meetings to discuss stakeholder requests for procedure and diagnosis code additions,
revisions, and deletions. On October 1, 2015 CMS, which oversees the ICD-10 procedure
coding system (PCS), implemented a New Technology coding table (Section X) to allow
for specific identification of procedures associated with new technologies and therapies,
including the infusion and/or administration of most cellular and gene therapies approved
thus far.2! The ICD-10 C&M committee meetings maintain a public record of the changes
proposed by multiple stakeholders to these New Technology codes within Section X, as
well as within other tables throughout the ICD-10-PCS system. For example, the September
2021 C&M Committee meeting transcript reveals a lengthy discussion of whether a new
procedure code should be added for ex vivo gene edited hematopoietic stem cell therapies,
and whether the code should be unique to the specific gene being modified. This merely
provides an illustrative example of a how a novel CGT product can include aspects of gene
therapy, gene editing, hematopoietic stem cell transplant, and cellular therapy; furthermore,
it is not yet clear whether the same overall procedure and technology but in the context

of a different genetic disease would require a separate coding category.22 The coding
nomenclature employed by CMS differs from those of FDA and FACT, which further
complicates the accurate and precise communication surrounding these therapeutic products.
As a result, patients, clinicians, scientists, regulators, payers, and the press use many of these
same terms in different combinations which can lead to differences in coverage, coding,
and reimbursement ultimately impacting patient access. In this manuscript, we propose a
framework addressing some of these concerns.

Methodology

The ASTCT Cell Therapy Committee formed a subcommittee and tasked it with considering
the need for classifications of CGTs and propose recommendations, if needed. This sub-

committee included physician-scientists with HSCT and CGT expertise (AS, SG, NNS, FO,
and MVM) and health policy consultants (SF, JS, and AR). Focused small group discussions

Transplant Cell Ther. Author manuscript; available in PMC 2023 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sharma et al.

Page 5

comprising the subcommittee members explored CGT product scenarios related to product
type, mode of manipulation, route of administration, therapeutic intent, and the use of
pretreatment techniques such as preparative chemotherapy.

Based on themes identified during the focus group discussions, a survey instrument
(Supplementary Appendix) was developed to probe a wider audience.

Survey instrument and questionnaire:

The subcommittee distributed the survey to 53 members of the ASTCT Cell Therapy
Committee, Committee on Education, and Committee on Practice Guidelines. These
Committees comprise clinicians and scientists who are experienced in developing and
administering CGT products.

First, these individuals were presented with a sorting exercise to categorize 16 cellular

and gene therapy products, which represented a combination of near-term investigational
and FDA-approved products. The goal was to ascertain differences in how physicians and
scientists categorize these products. Responders were asked to assign each of the 16 chosen
products to one of four classes: genetically modified cellular therapy — not inclusive of
immune effector cell (IEC) therapy (abbreviated as ‘GMCT-not IEC’), IEC therapy, or
gene therapy. In this definition, “cellular therapy” refers to the administration of whole, live
cells without genetic modification (e.g., infusion of cord blood cells). “IEC therapy,” as a
sub-category of cellular therapy, refers to the administration of cells that have differentiated
into a form capable of modulating or effecting an immune response (e.g., CAR T-cells). The
differentiation between GMCT-not IEC and IEC therapy classification choices was meant
to assess if respondents felt genetic modification of a cellular product warranted taxonomic
separation from either “cellular therapy’ or ‘gene therapy’. A focusing of the classification
to IEC, from a broader category of cellular therapy, was due to the fact that none of the
products listed were unmanipulated cellular products such as whole blood or platelets. If
responders did not believe a product belonged to any of the three delineated classes, they
could assign it to an “other” category.

After completing the sorting exercise, survey respondents answered a series of single-
election (/.e. exclusive) questions designed to elicit their perspectives on the prevalent
classifications and nomenclature of various CGT products. The analysis also reviewed
additional free-text comments provided by respondents.

Survey Results:

Eighteen responses were received from a total of 53 potential respondents to whom the
survey link was sent, reflecting a 34% response rate. In the sorting exercise, gene-edited
HPC products were considered to be GMCT-not IEC (42%) or gene therapy (50%). When
asked to categorize the specific example of an autologous ex vivo genetically manipulated
hematopoietic stem cell product, the answers were highly variable. Ten respondents (59%)
respondents stated that these products should be classified as gene therapy; five (29%)
classified them as GMCT-not IECT; and 2 (12%) considered this to be cellular therapy.

At the same time, when asked as a direct question, 14 respondents (82%) agreed with

the statement that GMCT-not IEC products are those containing whole live cells that have
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undergone ex vivo genetic modification prior to being administered. However subsequently,
17 (94%) of the 18 respondents indicated “that administration of an ex vivo genetically
modified cellular products should be considered a hematopoietic stem cell transplant” — i.e.
a process including administration of a preparative regimen, hematopoietic cell infusion,
supportive care, and monitoring associated with administration of these products. These
survey results demonstrate definitional discrepancies and inconsistences that are present
even among experts in the field.

Analyses of responses to the rest of the survey was limited to the 17 respondents

who answered all the remaining questions. Fifteen respondents (88%) agreed with the
statement that CGT could be defined based on the type of product administered. Most
respondents (82%, n=14) considered /n vivo gene editing to be gene therapy. Fourteen
respondents (82%) agreed that cellular therapy could be divided into two subcategories
based on treatment purpose: 1) cellular therapy for lympho-hematopoietic reconstitution
(such as hematopoietic cell transplantation), and 2) IEC therapy. Each of the two cellular
therapy subcategories were then presented to respondents with further qualifications
according to the mode of manipulation: selected or unselected; cultured/stimulated or not
cultured/stimulated; and gene-modified or not gene-modified. Fourteen respondents (82%)
specifically categorized the infusion of T and NK cells as IEC therapy. Fifteen (88%)
defined the infusion of hematopoietic cells after a conditioning regimen as “hematopoietic
stem cell transplantation” (HSCT).

Consensus Definitions

Based on the survey results and after discussion among experts in the field, two broad
models for classification of CGT emerged. One model discretely separated the therapies
based on what type of product is administered to an individual (Figure 1a). Under

this model, if a cellular product — genetically modified or not — is administered to an
individual, it would constitute cellular therapy. In contrast, only in those circumstances
where a drug (typically nucleic acid within a vector) is being administered for introducing
a genetic change directly into an individual, it would be considered gene therapy. The
second framework involved overlap between the cellular and gene therapies based on the
site of genetic modification (ex vivo or in vivo) and is more congruent with the current
understanding of the field (Figure 1b). Under this framework, genetically modified cellular
products would fall under both gene therapy as well as cellular therapy encompassing

the similarities and complexities that these products share with the two parent categories.
We adopted the latter to preserve the historical context of how these therapies have been
developed and classified. We do note that the latter acknowledges the scientific context of
the therapeutic product rather than purely prioritizing how it is administered clinically.

Further, to build upon areas of consensus and address the discrepancies identified by

the survey, we propose to update the definitions for CGT that are currently used in

clinical practice or are in development. These revised definitions have been updated with
consideration of (1) the type of cellular product being administered, (2) the purpose and
intent of the cellular infusion, and (3) the preparatory regimen and the post-infusion clinical
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requirements for the care of the patient that are associated with the cell product (or gene
therapy product) infusion, and (4) the site of genetic manipulation (ex vivo or in vivo).

Cellular therapy is a broad term that encompasses both the infusion of a cellular product

for the purposes of hematopoietic reconstitution and the infusion of a cellular product
intended to have a direct immunologic impact (without any expectation of multi-lineage
hematopoietic reconstitution). The term “gene therapy” has traditionally been used to
describe an ex vivo or in vivo therapy whereby nucleic acids (RNA or DNA) are introduced
into target cells (ex vivo) or tissues (/in vivo) by a delivery vector (a virus, nanoparticle or
via electroporation). We recognize that there is an overlap in the definitions of genetic and
cellular therapies (as depicted in Figure 1b), wherein some cellular products infused for

the purpose of hematopoietic or immune reconstitution may in fact have been genetically
modified and fit the definition of a “gene therapy”. We also note that there is an increasing
trend to differentiate genetic therapies that introduce a transgene (e.g., using a viral or non-
viral vector), currently called “gene therapy” from therapeutic cellular products involving
nuclease-mediated genetic manipulation, which are increasingly being called “genome
editing.” It is likely that as modes of delivery, genetic materials, and technologies evolve,
the definitions or gene therapy may have to be revised. Hence, we recommend that the

term “genetically modified cellular therapy” (GMCT) may specifically be used when whole
live cells that have undergone ex vivo genetic modification are administered to a patient.

It is pertinent to point out that clinically, ex vivo GMCT may procedurally be similar to
non-genetically modified cellular therapy, hence in an hierarchical framework we have kept
it under both parent categories: under “gene therapy” to align it with the potential risks and
benefits inherent to administration of genetically modified products, and the need for longer
follow up as mandated by the current regulatory frameworks; as well as “cellular therapy” to
highlight the similarities with administration of non-genetically modified cells. GMCT may
be composed of HSPC, IEC or other blood cell lineages.

An HSPC product is one whose infusion is intended to restore hematopoiesis in the
recipients and reconstitute their immune system. The infused product is expected to engraft
eventually and lead to multi-lineage reconstitution. Using previously established definitons,8
Hematopoietic cell transplantation (HCT) should be used to describe the episode of infusion
of a cellular product that contains HSPCs, such as bone marrow, peripheral blood—derived
stem cells (PBSCs), and progenitor cells, or umbilical cord blood. The source of the

HSPCs can be allogeneic, autologous, or rarely syngeneic. The HSPC product may be
unmanipulated (e.g., unmanipulated bone marrow or PBSCs), minimally manipulated (e.g.,
by RBC depletion of the bone marrow or PBSC product), or highly selected (e.g., a
CD34+-selected PBSC product or a TCR-a/B—depleted PBSC product). The HSPCs can

be genetically modified (e.g., by transduction with a lentivirus or by genome editing with a
DNA nuclease such as CRISPR-Cas9) in which case they fall under GMCT. These HSPCs
may further be grown in culture and stimulated with cytokines or other agents (as in a
nicotinamide-stimulated and expanded umbilical cord blood unit). Further, the recipient may
or may not have received a preparative regimen prior to such infusion. If administered,

the preparative regimen may range in intensity from myeloablative (intended to produce
profound and long-lasting pancytopenia that is usually irreversible without HSPC infusion)
to reduced-intensity regimens (with which cytopenias are prolonged but are expected to
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resolve spontaneously with autologous recovery) and finally to nonmyeloablative regimens,
which are intended to be solely immunoablative (allowing engraftment of donor cells while
producing minimal bone marrow myelosuppression or cytopenia).23: 24

In response to the discrepancies revealed in our own survey responses and the ICD-10 C&M
committee meetings regarding how to categorize infusion of autologous ex vivo genetically
manipulated HSPCs, we propose that these episodes of care be considered an autologous
HCT using a genetically modified cellular product.

FACT defines “immune effector cell therapy” (IECT) as therapy with cells from the human
body that have differentiated into a form capable of modulating or effecting an immune
response. After discussion, our subcommittee chose to uphold the FACT definition. In
IECT, cells that are found in the body (such as B cells, dendritic cells, natural killer cells,
and T cells) are collected, modified into a therapeutic product, and then administered to

a patient. These cellular therapy products are part of a new pillar of cancer treatment—
immunotherapy—which uses a patient’s own immune system to attack tumors. FACT used
this definition to determine which cellular products are subject to inspections and audits that
assess compliance with FACT standards.

An IECT is one in which the cellular product is infused solely to exploit its immunologic
properties, in contrast to HCT, where HSPCs are given to restore hematopoiesis in a
patient in addition to reconstitute their immune system. An IEC product is not expected

to contribute to multi-lineage hematopoiesis, even though it may engraft permanently

in the host. Instead, it may either hasten immunologic recovery or provide specific

immune properties to the recipient. The latter may include antiviral properties (e.g., virus-
specific T cells), anti-tumor properties (e.g., antigen-directed CAR-T cells), or immune
modulator properties (e.g., regulatory T cells or mesenchymal cells). These cells may

be unselected (e.g., in donor lymphocyte infusions) or selected (e.g., CD45RA-depleted

T cells); cytokine-stimulated or unstimulated; autologous or allogeneic; and genetically
modified or unmodified. Based on our consensus definitions, a product such as cord-blood
derived NK cells (non-CAR bearing) would be considered cellular therapy — not genetically-
modified IEC. Similarly, CAR T cells such as tisagenlecleucel would be considered ex vivo
genetically modified cellular therapy.

As gene and gene-modified cellular therapeutics are becoming a permanent part of the
clinical landscape, appropriate categorization is necessary for clinicians and the healthcare
system to use standardized nomenclature that captures scientific nuance and clinical
administration logistics appropriately. Over the course of several hours of meetings,
including the development and implementation of a survey, and further refinements in

the course of preparation of this manuscript, we recognize that it will be challenging for

all stakeholders to transition from the current plethora of terminology to a standardized
nomenclature. Our sorting exercise for placing FDA-approved therapeutics and other
investigational therapies into various categories highlighted ambiguities and inconsistencies
that are present even among experts in the field, with the greatest area of variability was
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in the use of HSPC-based products with genetic modification. Despite the discrepancies,
areas of agreement emerged from this exercise. First, administration of lymphocytes without
genetic modification is clearly considered to be IEC therapy. Second, /n vivo gene editing is
strictly considered to be gene therapy. Third, infusion of hematopoietic stem cells with the
intent of hematopoietic and immune reconstitution is considered to be an HCT.

As practicing physician-scientists with expertise in CGT-based therapies, working alongside
health policy experts, we sought to identify areas of conflict in the current CGT
nomenclature and to provide a new contextual framework to classify CGT approaches in

an inclusive, clear and non-redundant fashion. The new framework we propose should

be sufficiently robust to accommodate novel therapies emerging from future technological
advances, though we acknowledge that additional consideration and conversation is likely.

In conclusion, the rapidly growing field of CGT is undergoing a transition from the bench
to many bedsides; accordingly, the molecular or manufacturing-based terminology that was
initially used to describe the product, has given way to a need for standardized terminology
that captures clinical use and administration of these therapeutic products by healthcare
organizations communicating with payors and regulators. These new, precise definitions
and standardized nomenclature are meant to acknowledge historical context and will serve
several purposes. First, and most importantly, these will foster an efficient, harmonized, and
streamlined regulatory and developmental framework within which patients receive these
novel therapies. Additional benefits include the development of training paradigms and
educational programs; equitable and rational decisions about accessibility; and consistency
in the billing and coding structures used for reimbursement. Considering the cost of these
novel agents, this latter aspect is an essential component of delivering these promising
approaches to individuals in greatest need. We recognize that no classification system

is perfect. Despite the limited responses, our survey showed a considerable degree of
variability when respondents were asked to sort currently available novel CGT therapies.
This observation and the issues discussed above both provide a very strong impetus to align
all interested parties around consensus definitions. The importance of standardization is
nonetheless critical to the field and the proposed framework provides a foundation to build
upon. We invite and look forward to additional dialogue with a broader set of stakeholders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. There is a need to standardize the nomenclature of cellular and genetic
therapies.
. We performed focus groups and surveys to arrive at consensus definitions.
. There is an overlap in the definitions of genetic and cellular therapies.
. Administration of cells that can modulate an immune response is IEC therapy.
. Infusion of a genetically modified HSCs constitutes an HCT.
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Two models of classification of cellular and gene therapies.
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Proposed schematic of hierarchy and classification of CGT products.
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Table 1:

Proposed framework of cellular and gene therapy products.

Page 15

Hematopoietic cell
transplantation
(HCT)

HSPCs.

immunity, as well as
effecting a phenotype
change based on the
genetic modification
(production of a new
protein or a change

in production of an
existing protein in blood
cells).

Term Definition Therapeutic Intent Procedural Details Examples
Gene therapy In vivoor ex vivo delivery Genetic modification Introducing a transgene by Examples classified by /n
of genetic material or in the target cells to using a viral or non-viral vivo or ex vivo below:
agents intended to produce | achieve a specific goal. vector, or nuclease-mediated
a genetic modification in genetic manipulation.
the target cells.
In Vivo Gene Delivery of genetic Introduction of new May involve administration \oretigene neparvovec
Therapy material or agents intended | genetic material or of the genetic material (Luxturna);
to produce a genetic modification of the directly into the target organ onasemnogene
modification in the target genome in target cells or into the blood stream with abeparvovec (Zolgensma)
cells directly into the to affect a functional or homing to the target organ.
human body. phenotypic change.
Ex Vivo Infusion of whole live cells | Hematopoietic Ex vivo genetic modification See below under specific
Genetically that have undergone ex reconstitution or of live cells followed by categories:
modified cellular vivo genetic modification. immune reconstitution reinfusion into the patient.
therapy (GMCT) or to provide
specific immunologic
characteristics.
Genetically Infusion of a cellular Restoration of Often involves administration | Lentivirus transduced:
modified - product that contains hematopoiesis and of a preparative regimen Lentiglobin/

that leads to varying
degrees of cytopenia and
immunosuppression.

Betibeglogene autotemcel
(beti-cel), Libmeldy/
OTL-200 (autologous
CD34+ cells encoding
the ARSA gene).
CRISPR-Cas9 edited:
CTX001/Exagamglogene
autotemcel, VOR33

(\Vor Biopharma)

Genetically
modified - Immune
effector cell (IEC)
therapy

Infusion of a cellular
product consisting of
immunologically active
cells that are unlikely to
engraft and result in multi-
lineage reconstitution.

Leveraging the
immunologic properties
of the cellular product
by modifying the
targeting the capability
of the effector cells.

May involve administration
of lymphodepleting
chemotherapy before
infusion.

Retrovirus/Lentivirus
transduced:
Tisagenlecleucel
(Kymriah),
Afamitresgene autoleucel
(afami-cel, ADP-A2M4;
Adaptimmune).
CRISPR-Cas9 or TALEN
edited: ALLO-501
(Allogene)

Cellular therapy
(not genetically
modified)

Infusion of a cellular
product that may engraft
or that has immunologic
properties.

Hematopoietic
reconstitution or
immune reconstitution
or to provide

specific immunologic
characteristics.

May or may not
involve administration of a
preparative regimen.

See below under specific
categories:

Hematopoietic
cell transplantation
(HCT)

Infusion of a cellular
product that contains
HSPCs.

Restoration of
hematopoiesis and
immunity.

Often involves administration
of a preparative regimen

that leads to varying

degrees of cytopenia and
immunosuppression.

Examples based on
degree of selection:
Unmanipulated bone
marrow or PBSC vs
highly selected CD34+
selected PBSC product,
TCR-a/p depleted PBSC
graft.

Immune effector
cell (IEC) therapy

Infusion of a cellular
product consisting of
immunologically active
cells that are unlikely

to result in multi-lineage
reconstitution.

Leveraging the
immunologic properties
of the cellular product.

May involve administration
of lymphodepleting
chemotherapy before
infusion.

Examples based on
degree of selection:
Unselected: Donor
lymphocyte infusion.
Selected: CD45RA
depleted T cells.
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