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A variety of cellular therapies including hematopoietic cell transplantation (HCT) hold the promise to treat
medical conditions and diseases that currently have limited or no effective therapeutic options. A number of
cellular therapies other than HCT, such as CAR T-cell therapy, are currently in preclinical and clinical develop-
ment and the field is rapidly growing. The current activity of cellular therapies, including HCT, in the clinical set-
ting are summarized in this article. Collaborative efforts from all relevant professionals and organizations will
be of great importance to overcome substantial challenges in clinical development and post-launch evidence
collection of cellular therapies. Harmonization among decision-makers also plays a critical role in reinforcing
consistency and improving efficiencies of the regulatory and health technology assessment process. For the
long-term safety follow-up of patients undergoing cellular therapies, registries for HCT are able to manage the
complexity of data and in the best position to introduce and monitor future innovative cellular therapies for a
variety of hematological disorders.
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Hematopoietic cell transplantation (HCT) has been
performed for the treatment of a variety of hematologi-
cal malignancies, and is now recognized as the most
successful cellular therapy. A number of cell therapies
other than HCT such as CAR T-cell therapy are cur-
rently in preclinical and clinical development and the
field is rapidly growing. This rapid growth in research
and development of cellular therapies has spurred regu-
latory agencies to develop a regulatory framework to fa-
cilitating accelerated marketing authorizations for those
therapy to satisfy unmet medical need. We herein report

the current global activity of HCT and the activity of
cellular therapy in Europe, North America, and Asia-
pacific regions together with the regulatory flamework
in those three regions.

As of April 2022, twenty-two countries/regions are
participating in APBMT. Among those countries/regions
hematopoietic cell transplantation (HCT) and other cel-
lular therapies are actively performed; however, the ac-
tivity in each country/region varies significantly. Re-



garding HCT, the access rate exceeds 75% in one quar-
ter of countries/regions, but the rate is less than 25% in
9 countries, and less than 10% in 2 countries/regions.
Our recent survey on the activity of CAR T-cell therapy
showed that the therapy is currently available only in 9
out of 19 countries/regions. Among those, the therapy is
available as clinical trial/clinical practice in 5 countries/
regions, and as clinical trial only in 4 countries/regions.
The major sites performing CAR T-cell therapy are

HCT centers in all countries/regions, but in about 20%
of countries/regions the therapy is also available in the
hematology or medical oncology service. Regarding
commercially available CAR-T cells, Kymriah
( tisagenlecleu-cel ) and Yescarta ( axicabtagene
ciloleucel) has been approved in the Asia-Pacific coun-
tries of Australia and Japan over the past 3 years. Zol-
gensma (onasemnogene abeparvovec) was approved in
Japan in March 2020. As of 2021 CAR T-cells have
been approved in South Korea (Kimmriah and Zolgen-
sma), China Hong Kong (Kymriah), Japan (Breyanzi),
China (Yescarta), and Singapore (Kymriah). Another
survey conducted by the National Cancer Center in Ja-
pan revealed that the other cellular immunotherapies,
including antigen-specific T-cell therapy, are also per-
formed as clinical trials/clinical practice in our regions.
Although the factors that impede the access to CAR T-
cell therapy and other cellular therapies remain to be
elucidated, it is likely that some of the factors impeding
the access to CAR T-cells are similar to those in HCT.
Those include financial constrain of patients, inadequate
funding from government, inadequate number of sites
performing the therapy, inadequate laboratory infra-
structure support, and poor public awareness.
Cellular therapy products are an emerging medical

product class undergoing rapid scientific and clinical in-
novation worldwide. These products pose unique regu-
latory challenges both for countries with existing regu-
latory frameworks and for countries where regulatory
frameworks for cellular therapy products are under de-
velopment. This rapid growth in research and develop-

ment of advanced therapies in our region has spurred
regulatory agencies to develop a regulatory framework
for facilitating accelerated marketing authorizations for
advanced therapies to meet unmet medical needs.
In Asia-Pacific regions, the regulatory environment is

also heterogeneous, with varying levels of maturity and
capacity across the national healthcare and healthcare
products regulatory systems. Not unexpectedly, regula-
tory oversight of advanced therapies reflects this hetero-
geneity. Table 1 summarizes the current classification
of advanced cellular therapies and its related regulation/
law for Advanced therapies in 7 countries in Asia-
Pacific region1.
In Australia, human cell and tissue therapy products

are classified as biologicals and CAR T-cells are classi-
fied as Class 4 biologicals (high-risk products) that are
more than minimally manipulated to artificially intro-
duce a function of the cells or tissues that are not in-
trinsic to the original cells or tissues2.
In China, the National Medical Products Administra-

tion (NMPA) is the regulatory agency that provides the
regulatory oversight of advanced therapies. In 2020, the
NMPA published the New Drug Registration Regula-
tion, which established the four expedited review path-
ways for drugs used in serious life-threatening diseases
to fulfill local unmet medical need. Most advanced
therapies would qualify for these expedited pathways,
which allow for quicker research and development and
eventually faster product approvals3.
In 2020, the South Korea Ministry of Health and

Welfare (MoHW) brought the new Advanced
Regenerative-Bio Act into effect to improve access to
advanced regenerative medicine and the advanced bio-
pharmaceuticals products. In this new framework,
MoHW has regulatory oversight of medical practice and
clinical research use of regenerative medicine, whereas
the Ministry of Food and Drug Safety (MFDS) is over-
seeing the commercial use and manufacturing of cell
and gene therapy4.
In Singapore, advanced therapeutics are known as



cell, tissue, and gene therapy products (CTGTPs) and
are regulated by the Health Sciences Authority (HSA).
The Health Products Act (HPA) and Health Products
(Cell, Tissue and Gene Therapy Products) Regulations,
which came in effect on 1 March 2021, provide the
main regulatory framework for CTGTPs5.
In Japan, there are two main laws regulating regen-

erative medical technology and products are the Act on
the Safety of Regenerative Medicine and the Act on
Pharmaceuticals and Medical Devices (PMD). The law
on the safety of regenerative medicine provides regula-
tory oversight on all medical technologies using proc-
essed cells in medical care or academic research pur-
pose, whereas the PMD Act regulates the marketing
authorization and commercialization of a regenerative
medicinal product. Under this framework, regenerative
medical products include both cellular and tissue-based
products to be used in the reconstruction, repair, or for-
mation of structures or functions of the human body
and the treatment or prevention of human diseases, and
gene therapy6.
It is crucial to harmonize the activity and data collec-

tion between HCT and a variety of non-HCT cellular
therapies especially in the field of HCT. New cellular
therapies should be considered as a complement and as-
set rather than as a competitor of HCT. However, some
regulations antagonizes this concept. In Japan, the CAR
T-cells are considered as regenerative medicine (RM)
product and the clinical data of CAR T-cell therapy
should be submitted to the registry of regenerative
medicine by the act for regenerative medicine. How-
ever, for best positioning of CAR T-cells, its clinical
data should be in the HCT outcome registry. The Japa-
nese data center for HCT (JDCHCT) also collates and
shares the data with the Center for International Blood
and Marrow Transplant Research (CIBMTR) to bench-
mark local outcomes with international data. With this
system we can also share the data with the RM registry
and pharmaceuticals for their PMS report.
To conclude, multi-stakeholder collaboration is para-

mount to strengthen the research and development ca-
pacity and promote early patients access while ensuring
that varying interests and expectations of all relevant
stakeholders have been sufficiently balanced. Harmoni-
zation among decision-makers on the other hand, plays
critical roles in reenforcing consistency and improving
efficiencies of the regulatory process. Both elements
need to be emphasized to achieve timely patient access
and to realize the potential of innovative cellular thera-
pies.

Genetically modified autologous T cells targeting cell
surface antigens such as CD19 or B cell maturation an-
tigen (BCMA) have emerged as a promising therapies
for patients with advanced hematologic malignancies.
These therapies genetically reprogram a patient’s T cells
by inserting a segment of DNA that encodes a chimeric
antigen receptor (CAR), which includes an extracellular
or antigen-binding domain with both a heavy and
light single chain variable fragments (scFv) that direct
specificity to an antigen, a costimulatory domain, and a
CD3ζ intracellular signaling domain, which triggers T-
cell activation and cytotoxicity7-9. CARs recognize the
scFv-specific antigen independently of human leukocyte
antigen (HLA) or major histocompatibility complex
(MHC), thus, overcoming down-regulation of antigen
presentation via HLA/MHC that can act as one mecha-
nism of immune evasion by tumors. Furthermore, by
targeting surface antigens in an HLA independent man-
ner, vectors developed for CAR T-cells can be used in
all patients, regardless of their genetic background. This
is in contrast to T cells genetically modified to express
tumor-targeting T cell receptors (TCRs). The co-
stimulatory domain, typically either CD28 or 4-1BB, is
critical for CAR T-cell activation and antitumor activity.
Since 2017, several CAR T-cell therapies have been

approved for patients with advanced hematologic malig-
nances in the U.S. Current approved CAR T-cells target
either CD19, present on most B cell malignancies, or
BCMA, present on myeloma cells. Tisagenlecleucel
(tisa-cel, Novartis) was 1st approved in pediatric and
young adult patients (< 26 years) with relapsed/refrac-
tory acute lymphoblastic leukemia (ALL)10. In the piv-
otal trial, the overall remission rate was 81%. Event-
free survival (EFS) and overall survival (OS) were 73%
(95% CI, 60 to 82) and 90% (95% CI, 81 to 95), re-
spectively, at 6 months and 50% (95% CI, 35 to 64)
and 76% (95% CI, 63 to 86) at 12 months. Three CAR
T-cell products are approved for relapsed/refractory ag-
gressive large B cell lymphomas after two lines of ther-
apy: axicabtagene ciloleucel (axi-cel, Kite/Gilead), tisa-
cel and lisocabtagene maraleucel (liso-cel, Bristol My-
ers Squibb)11-13. In the ZUMA-1 phase 2 study, the ob-
jective response rate with axi-cel, a retroviral-based CD
19-CD28 CAR T-cell product, was 82%, with a com-
plete response (CR) rate 54%, and median duration of
remission 11.1 months among 101 evaluable patients.
In the phase 2 JULIET study, which investigated tisa-
cel, a lentiviral-based CD19-4-1BB CAR T-cell product,
the best overall response rate (ORR) was 52%, with a
CR rate 40%, and median duration of remission not
reached. Long-term follow-up of both trials showed



sustained durable remission, indicating potential cure
after CAR T-cell therapy14, 15. Liso-cel was approved for
patients with relapsed/refractory LBCL in early 2021
based on the result of the phase 1b TRANSCEND
NHL-001 trial16. In addition, axi-cel and liso-cel were
recently approved in second line following the results
of large prospective phase 3 randomized clinical tri-
als17-19. Axi-cel is also approved in advanced follicular
lymphoma (FL)20. Brexucabtagene autoleucel (brexu-cel,
Kite/Gilead) is approved for relapsed/refractory mantle
cell lymphoma (MCL) and adult patients with relapsed/
refractory B-ALL21, 22. Idecabtagene vicleucel (ide-cel,
Bristol Myers Squibb) and ciltacabtagene autoleucel
(cilta-cel, Janssen) are both BCMA-targeted CAR T-cell
approved for the treatment of patients with advanced
multiple myeloma (MM)23, 24. In addition to these com-
mercially available CAR T-cells, several CAR T-cell
products with different targets are under investigation in
other blood cancers, such as chronic lymphocytic leuke-
mia, Hodgkin lymphoma, and T-cell lymphoma.
CAR T-cells can cause several unique adverse events

including cytokine release syndrome (CRS), immune
effector cell associated neurotoxicity syndrome
(ICANS), hypogammaglobulinemia and prolonged cy-
topenia25-28. In general, products that include CD28 as
the co-stimulatory signal have higher rates of CRS and
ICANS than those that contain 4-1BB. For example, in
the recent ZUMA-7 phase 3 trial, patients treated with
axi-cel had a 6% incidence of grade 3 CRS and 21%
had grade 3 neurotoxicity18. These rates were higher
than those observed in patients treated with liso-cel (1%
grade 3 CRS; 4% grade 3 neurotoxicity)19 and tisa-
cel (5% grade 3 CRS; 2% grade 3 neurotoxicity)29,
consistent with observations from the original registra-
tion studies11-13.
As part of their approval, the U.S. FDA has required

that manufacturers collect data on efficacy, safety and
long-term follow-up on a large number of patients
(1,000 to 1,500) treated post-approval. Most US centers
have reported the outcomes of patients treated with
CAR T-cells to the CIBMTR Cellular Immunotherapy
Data Resource (CIDR). As of the summer of 2021, the
total accrual to the CIDR included 6,343 CAR T-cell
recipients and 6,624 infusions30. Data is being collected
from 195 reporting centers from the U.S., Canada and
Israel. The most common indication for CAR T-cells is
LBCL (66%), followed by ALL (16%), MM (6%),
MCL (5%) and FL (4%). There has been an evolution
in patient selection over time from 2017 to 2021. In
particular, the proportion of patients who did not re-
ceive an HCT prior to CAR T-cell therapy is steadily
increasing with 84% and 81% of patients with ALL and
NHL without a prior HCT in 2021, respectively. CAR
T-cells are being used in earlier lines of treatment with

HCT being saved as a backup option. Outcomes of pa-
tients treated with CAR T-cells reported by the CIDR
as well as other real-world data generally have shown
similar results in terms of efficacy of safety as was seen
in the pivotal trials, including in patients that did not
meet inclusion criteria.

The approval of CD19-specific chimeric antigen re-
ceptor (CAR) T-cell therapies by the US Food and
Drug Administration (FDA) in 201731 and by the Euro-
pean Medicines Agency (EMA) in 201832 generated ex-
citement in the field, as it offers a new treatment mo-
dality to many patients suffering from refractory acute
lymphoblastic leukemia and other B cell malignancies.
Among the current generations of CAR T-cells, four au-
tologous CAR19 T-cell products tisagenlecleucel
( Kymriah , Novartis ) , axicabtagene ciloleucel
( Yescarta , Gilead ) , brexucabtagene autoleucel
(Tecartus , Gilead) and lisocabtagene maraleucel (Brey-
anzi , Bristol Myers Squibb) have been approved by
both regulatory agencies. More recently (2021), idecab-
tagene vicleucel (Abecma , Bristol Myers Squibb) re-
ceived both FDA and EMA approval. The acceptance
of phase II trial data for marketing authorization by the
FDA and EMA, however, also raised efficacy and
safety concerns. In addition to that, the price tag associ-
ated with this new type of the gene therapy medicinal
products (GTMP), ranging between 250 and 500k Euro,
was considered by many stakeholders as a substantial
hurdle to broader clinical implementation33. At this
point, the European Society for Blood and Marrow
Transplantation (EBMT) took the lead in different tasks
and activities in order to contribute to the development
of a comprehensive structure and legal framework that
did not exist before.
In the mid-1970s, the EBMT created a pan-European

Registry which now captures the majority of stem-cell
transplantation (HCT) activities across Europe. HCT is
the most frequently used cellular therapy intervention,
with more than 40,000 HCT infusions per year and
with more than 700,000 transplant procedures reported
overall34. With the creation of an additional cellular
therapy module half a decade ago, the EBMT registry
was upgraded to allow data to capture in more detail on
other cellular therapy interventions. Patients treated
with CAR T- cells have been collected by EBMT cen-
ters and reported to the EBMT registry since July 2019;
3,250 CAR T-cell treatments have been reported by
March 2022, most of them using a commercial autolo-
gous construct (Figure 1, 2).
In late 2016, the EMA reached out to the EBMT to



explore solutions for registering toxicities and efficacies
associated with CAR T-cell treatments. The EMA
wanted to investigate the possibility of using this new
cellular therapy module of the EBMT registry for the
capture of long-term follow-up data of CAR T-cells,
consistent with approval requirements issued by the
EMA for CAR T-cell therapies. This strategy was part
of the ongoing Patient Registry Initiative by the EMA
which aims to make better use of existing registries and
to capture real word data to support post-authorization
studies (PAS) such as post-authorization safety studies

and post-authorization efficacy studies (PAES) and
regulatory decision making35. These PAS studies are
based on secondary use of EBMT Registry data. To test
suitability, in October 2017, EBMT submitted a request
to EMA to qualify the cellular therapy module. This
process ended with a positive opinion on the cellular
therapy module of the EBMT registry by the EMA in
early 201936. The additional potential benefits of regis-
tering commercial CAR T-cells in such a global registry
are manifold, and this was also evident to many stake-
holders. This global CAR T-cells registry would avoid



data sets in private registries of market authorization
holders (MAHs) or disease-focused groups, allowing for
comparison of safety and efficacy data between differ-
ent advanced therapy medicinal products (ATMPs), as-
sessment of the cost effectiveness of this rather expen-
sive intervention between different CAR T-cell prod-
ucts, and comparisons with alternative interventions
such as bispecific molecules and stem-cell transplanta-
tion. This knowledge would improve the quality and af-
fordability of patient care. Such a registry could also fa-
cilitate shorter and less expensive approval procedures,
which is important considering that many commercial
GTMPs with small variations will enter the market in
the near future at a high price33, with many novel tar-
gets still to be discovered36. The global registry would
thereby support that patients get earlier access to CAR
T-cells. Although the EMA had explored the use of reg-
istries with the EBMT beginning in 2016 and had rec-
ommended approval for the first two CAR T-cell prod-
ucts on the market on June 29, 201832, it wasn’t until
early 2020, when more than 300 patients had already
been treated with commercial products in Europe, that
the first contracts were signed between the EBMT and
MAH37. PAS are already ongoing under the EBMT um-
brella and the PAS portfolio will be expanded with the
approval of new CAR T-cell constructs.
A major challenge when querying data is how a spe-

cific item is defined and collected. To harmonize this
process across major registries, data definition groups
have been established during the past decades between
the EBMT and the CIBMTR, initially installed to in-
crease quality and harmonize HCT data sets. Most re-
cently the two groups started harmonizing cellular ther-
apy registry forms across the globe. Given the fact that
both organizations now capture CAR T-cells from the
very same MAHs, with EBMT in the EU, and
CIBMTR in the United States, this harmonization proc-
ess is even more important, as the ability to easily fuse
such data sets for global regulatory oversight is becom-
ing essential.
To better structure the process of data collection and

data access, in 2020 the EBMT launched multi-
stakeholder group for immune effector cells such as
Chimeric Antigen Receptor T cells (GoCART), a CAR
T-cell community platform. The primary aim of Go-
CART is to create a public private/multistakeholder col-
laboration to maximize the potential of CAR T, mini-
mize duplication of efforts, and create a strong commu-
nity for pan-EU leadership in this area. The community
aims to use the EBMT cellular therapy module as a
central EU data registry, working in partnership with
national cooperative and registry groups, as well as na-
tional organizations. In addition, it will be key to create
transparent data access policies and harmonized data

collection of CAR T-cell therapies in the EBMT regis-
try in line with the mandatory must have’ data sets de-
fined by EMA.
In summary, the introduction of CAR T-cells has not

only changed the long-term outcome of a significant
number of patients with relapsed/refractory hematologi-
cal malignancies but has also been the starting point of
the creation of a comprehensive structure and legal
framework that did not exist before and EBMT has
been a contribute factor to it.

In the year 1957, engraftment of allogeneic hema-
topoietic cells was demonstrated in humans opening
new exciting treatment opportunities38. After progress in
understanding immune alloreactivity, in drug develop-
ment and in supportive care, outcome of hematopoietic
stem cell transplantation (HSCT) continuously im-
proved and worldwide activity progressively increased.
Today, HSCT is the only curative treatment option for
several hematologic disorders and, what was learned
from HSCT, paved the way for cellular therapy with
advanced therapy medicinal products (ATMP). WBMT,
a worldwide network of scientific societies and NGO in
working relations with the World Health Organization,
plays an important role in this process by promoting
excellence and access to cellular therapy. To reach his
mission, WBMT publishes a survey collating informa-
tion from European Blood and Marrow Transplantation
Group (EBMT), Center for International Blood and
Marrow Transplant Research (CIBMTR), Asia Pacific
Blood and Marrow Transplantation Group (APBMT),
Eastern Mediterranean Blood and Marrow Transplanta-
tion (EMBMT), Australasian Bone Marrow Transplant
Recipient Registry (ABMTRR), Cell Therapy Trans-
plant Canada (CTTC), Latin America Blood and Mar-
row Transplantation (LABMT), African Blood and Mar-
row Transplantation (AFBMT) and transplantation cen-
ters.
In 2016, 1662 centers reported more than 82,000

HSCT procedures corresponding to an increase of
77.6% from 200639. Preliminary analyses revealed in-
creases to 92,812 HSCT in 2018 and estimates of
100.000/year after 2020. HSCT/10 million inhabitants
showed regional differences ranging from 561 and 439
in North America and Europe to 77, 54, 36 and 9 in
Latin America, South-East Asian Region/ Western Pa-
cific Region (SEAR/WPR), Eastern Mediterranean Re-
gion and Africa regions (EMRO), respectively. The rela-
tive increase in HSCT was higher in low as compared
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to high/intermediate income countries.
The leading indications for autologous HSCT, which

showed an increase of 68.9% since 2006 and amounted
to 53.5% of all HSCT, were lymphoproliferative dis-
eases (+45.7% from 2006). The main indication of this
group was plasma cell disorders (+122.0%) and, to a
lesser extent, lymphomas (+84.2%; Figure 3). Solid tu-
mors as indication for autologous HSCT showed only a
slight increase (+11.4%) and leukemia as indication for
autologous HSCT a decrease (−51.1%) in almost all
world regions except in SEAR/WPR (+39%).
The increase of allogeneic HSCT from 2006

amounted to +77.6% (n=38.425) as result of increased
activity in acute leukemias (+116.8% for AML and +
97.7% for ALL), MDS/MPS (+147.6%) and non-
malignant diseases. It is reassuring that mainly HSCT
in AML and ALL in CR1 and not non-CR1 prevailed
(Figure 4). Negative developments were observed in
chronic myeloid (CML; −16.9%) and chronic lym-
phoblastic leukemias (CML; −17.3%). Interestingly, the
percentage of patients transplanted in non-chronic Phase
CML remains higher than chronic Phase CML despite
the availability of multiple generations of TKI (Figure
5). Even higher was the increase in non-malignant dis-
orders (+139.4%) from 2006 especially Hemoglobino-
pathies (+222.2%), Immune Deficiencies (+118.4%)
and Bone Marrow Failures (+107.7%).
Major changes were observed in donor type since

2007. A clear increase in HSCT from unrelated donors
was noted (+73.2%), while the increase in HLA-
identical related was +24%. Remarkable was the in-
crease of 440% in related non-identical HSCT. Propor-
tion of HSCT from related non-identical donors of all
allogeneic HSCT were 34% in SEAR/WPR, 26% in
Latin America, but only 16.7% in North America and
14% in Europe.

Non-HSCT cellular therapies included donor lympho-
cyte infusion, CAR T-cells, selected/expanded T-cells,
T-REGS, NK cells, dendritic cells, mesenchymal cells
and genetically modified CD34 cells.
In conclusion, a progressive increase in HSCT activ-

ity is observed worldwide with variability in indications
and variability in regional performance. Of importance
is the notable increase in haploidentical HSCT and per-
formance of other cellular therapies outside HSCT. The
survey shows additional important messages like the
need to improve timing of HSCT for CML. The in-
creased use of HSCT in AML CR1 confirms the im-
proved utilization of HSCT in early treatment of the
disease. Furthermore, an increased use of HSCT for
non-malignant indications is noted.
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