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Abstract

In recent years, cell therapy research and commercialization have significantly accelerated, especially after the US
FDA approved CAR-T therapy. While cell therapy now leads immuno-oncology in clinical trials, challenges such as
redundant R&D, target clustering, and unmet clinical need remain. Since 2017, China has established a dual-track
regulatory framework, facilitating rapid growth in its cell therapy pipeline, making it the second largest in the
world. Despite this progress, China faces similar global challenges. Our study covers 2,794 registered cell therapy
clinical trials in China, including 2,045 for immune cell, 683 for stem cell, and 66 for other somatic cell. It compares
cell therapy products approved in China, the US, EU, and Japan, analyzes the evolving clinical trials landscape, and
highlights the characteristics of investigator-initiated trials (IITs) and industry-sponsored trials (ISTs) in China. Our
findings indicate that despite the high disease burden and unmet clinical needs for solid tumors in China, over
38% of trials between 2021 and 2023 focused on hematologic malignancies with established targets like CD19 and
BCMA. Over 90% of trials are IITs, which show notable clinical differences from ISTs. We recommend that Chinese
regulators establish specific guidelines to promote clinical-value-driven research. Stricter regulatory standards
should also be implemented to minimize redundant R&D. Additionally, a value-based reimbursement system for
within-class targeted cell therapy products may further reduce duplicated R&D efforts. Given the prevalence of IITs,
specifying requirements for IITs could create a new pathway to accelerate product development and better address
unmet clinical needs in China.
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trials (IITs) and industry-sponsored trials (ISTs) [2].
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Fig. 1 Cumulative Number of Cell Therapy Products Approved for Marketing by the NMPA, FDA, EMA and PMDA (2010-2024). Abbreviations: FDA, Food
and Drug Administration; EMA, European Medicines Agency; PMDA, Pharmaceuticals and Medical Devices Agency; NMPA, National Medical Products
Administration. IC, Immune Cell; SC, Stem Cell; OSC, Other Somatic Cell. Note: The cut-off date was August 1, 2024

Consequently, China’s cell therapy pipeline has grown
rapidly to the world’s second largest. However, challenges
such as redundant R&D, target clustering, and unmet
clinical needs persist both in China and globally [3]. This
study examines China’s evolving clinical trial landscape,
comparing it to global trends, while highlighting differ-
ences between IITs and ISTs, and proposing potential
solutions for unmet clinical needs.

Overview of cell therapy clinical trials in China: types and
phases

This study analyzed cell therapy clinical trials from Janu-
ary 1, 2005 to August 1, 2024, with classifications consis-
tent with previous research (eAppendix, eFigure 1) [2, 4].
It encompassed 2,794 registered trials: 2,045 for immune
cell (73.2%), 683 for stem cell (24.4%), and 66 for other
somatic cell (2.4%). The most common immune cell
therapies were CAR-T cells (46.9%). For stem cells, mes-
enchymal stem cells (18.3%) dominated. Other somatic
cells mainly included cardiomyocytes (0.4%). Over half
of the trials were in Phase I (40.5%) or Phase I/II (21.2%)
(Fig. 2a, eFigure 4, eTable 3).

Characteristics of indications and targets

The majority of cell therapy clinical trials in China target
cancer, comprising 69.0% of all trials (Fig. 2d, €Table 4).
From 2005 to 2024, over 37.5% of the trials focused on
hematologic malignancies. Beyond oncology, clinical tri-
als increasingly focus on other areas, including infections
(4.0%) and immune disorders (5.5%) (Fig. 2d). The most
prominent targets were hematological malignancies, with
CD19 leading at 416 trials (26.7%), of which 388 (93.3%)
being CAR-T (Fig. 2b and d, eTable 5, eFigure 7, eFig-
ure 8). Notably, between 2021 and 2023, there was an
increase in trials for less common targets in solid tumors,
such as CLDN18.2, HER2 and MSLN.

Characteristics of [ITs and ISTs

As of August 1, 2024, IITs (n=2,519, 90.2%) far exceeds
ISTs (n=275, 9.8%). Since the 2017 National Medical
Products Administration (NMPA) guidelines clarified
regulatory requirements for cell therapy products, ISTs in
stem cell and somatic cell therapy increased significantly
from zero. In immune cell therapy, ISTs generally had
higher target enrollments than IITs (26 vs. 20, P<0.001).
Stem cells had more target enrollment in IITs than in
ISTs (36 vs. 27, P=0.013), with no significant difference
in somatic cells (Fig. 2e, eTable6, eTable7, eTable8).

Outlook
Advancements in cellular technology have diversified cell
therapy products [5]. Currently, nine solid tumors prod-
ucts have approved globally; but in China, the scope of
approved products remains limited and relatively homo-
geneous, despite solid tumors making up over 90% of
cancer cases (e€Table 2) [6]. To address unmet clinical
needs, we recommend that the NMPA establish specific
guidelines to promote clinical-value-driven research [7].
Limited R&D resources in China hinder the exploration
of new targets in cell therapy trials, leading to redundant
R&D and target clustering. While global trials investi-
gate new targets like CLDN18 (+400%), KRAS (+125%),
Chinese trials remain focused on established targets,
with over 38.0% targeting CD19 and BCMA, compared
to 36.2% globally.® This trend implies a preference for
proven targets to reduce costs and shorten develop-
ment cycles. The FDA recently issued guidance on CAR
T-cell therapy, encouraging concurrent companion diag-
nostic tool development to improve trial accuracy [8].
We thereby recommend stricter regulatory standards to
minimize redundant R&D. Furthermore, as specific cell
therapy indications are included in China’s reimburse-
ment list, establishing a value-based reimbursement sys-
tem could help lower costs for within-class targeted cell
therapy products and reduce market clustering [9, 10].



Du et al. Journal of Hematology & Oncology (2024) 17:96

()

CART
TIL ENSR
pC
T Cell TSR
NK 5
CIK 20083
TCRT [EI0N
CARNK
Others T3l
Others THSH
MSCs I
HSCs T3

Others TRAISH
RPE cell b B Immune Cell M Stem Cell M Other Somatic Cell

Immune Cell

Stem Cell

Myocyte 3
Others

Other Somatic
Cell

0 200 400 600 800 1000 1200 1400

B Ph 18 PhI/II & Ph 11 8 PhIVIII M Ph 111 8 Ph VI 8 other

(b)

D19
Beva IENSEI——
coio/x IR
cpiy/cp22 [NGE
cp7 S
cplyBeMA NG
MSLN ST
cp1y/cp20 INSOMN
NKG2D [
Gres 2SN
cLpN1s.2 2l
B7-03 2SN
cp123 SN
cp22 ol
D1 W
cp3o Sl
EBv 300
NY-ESO-1 (Il
CEA Bl
cp33 [N
cLLl
PDLI §
EpCAm [l
cp20 [l
cp70 [0
Other MTC I
Na SN
Other STC IS5

©

@

0 50 100 150 200 250 300 350 400

B CAR-T B TCR-T 8 CAR-NK B DC cell B TIL B T cell 8 HSCs 5 MSCs ¥ others

() 200
P00t 200 P=0.013

I ! 1

1 .

= 1509 £ 150

£ E

] =

.S =

E El

E’ 100+ & 100

= g

- =3

H 5

£ so 2 s0- |

Z 2 [ 1

L . e I

ISTs ITs ISTs ITs
Immune Cell Stem Cell

450

Immune Cell

Stem Cell

3
S
X
H
H
g
&
5
£
S

2017-2024

2005-2017

2017-2024

2005-2017

2017-2024

2005-2017

Numeber of Targeted Enrollment

200

150

1001

=T

69%

Page 3 of 4

mIST

Antincoplastic agents
® Immunomodulating agents
® Anti-infectives for systemic use
® Blood and blood forming organs
W Digestive system
B Genitourinary system
 Nervous system
® Musculoskeletal system
 Respiratory system
u Cardiovascular system
® Endocrinology and metabolism
® Dermatology
= Ophthalmology

 Others

N
ISTs 1Ts
Other Somatic Cell

Fig. 2 Scope and Distribution of Clinical Trials for Cell Therapy in China. (a) Cell therapy across various therapy types by different development phases in
China from 2005 to 2024. (b) Molecular target distribution of clinical trials for cell therapy in China from 2005 to 2024. (c) Comparison of ISTs and IITs of all
three categories of cell therapies initiated between 2000-2017 and 2017-2024. (d) Distribution of indications in clinical trials for cell therapy from 2005 to
2024. (e) A comparison of the targeted enrollment numbers between IITs and ISTs from 2005 to 2024 of all three categories of cell therapy. Abbreviations:
ISTs, industry-sponsored trials; IITs, investigator-initiated trials. Note: The cut-off date was August 1, 2024

IITs offer more flexibility in trial design and gener-
ate substantial early exploratory data. Although NMPA
guidelines since 2017 allow IIT data to support IND
applications, challenges persist in research quality and
cell production management [11]. We recommend that
the NMPA specify regulatory and technical require-
ments for using IIT data for IND applications to establish

a new pathway that accelerates cell therapy research and
address unmet clinical needs.

Investigator-initiated trials

Abbreviations

IITs

ISTs Industry-sponsored trials
us United States

EU European Union
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R&D Research and development

IND Investigational New Drug

NMPA National Medical Products Administration
CAR Chimeric antigen receptor

DC Dendritic cell

NK Natural killer

NKT Natural killer T cell

MSC Mesenchymal stem cell

HSC Hematopoietic stem cell

RPE Retinal pigment epithelium

TCR T cell receptor

TIL Tumor-infiltrating lymphocyte

cD Cluster of differentiation (such as CD19)
BCMA B-cell maturation antigen

MSLN Mesothelin

PD1 Programmed cell death protein 1

B7-H3 B7 Homolog 3

GPC3 Glypican 3

CLDN182  Claudin 18.2

EBV Epstein-Barr Virus

NY-ESO-1 New York esophageal squamous cell carcinoma 1
NKG2D Natural killer group 2 member D

CEA Carcinoembryonic antigen

CLLT C-type lectin-like molecule-1

EpCAM Epithelial cell adhesion molecule

PDL1 Programmed death ligand 1.
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