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Abstract Pre-marketing registration testing of pharmaceuticals is one of the key links in China’s phar-
maceutical supervision. Compared with other biological products, autologous CAR-T cell therapy products have
particularities in production process and quality control due to restrictions such as their autologous product char-
acteristics and the timeliness of patient medication, which also makes registration testing face many unique chal-
lenges. This article systematically summarizes the completed registration testing of autologous CAR-T products in
recent years, conducts an in-depth analysis of the challenges faced by autologous CAR-T cell registration testing in
terms of product characteristics, production process, sample timeliness and supervision under the current regulatory
requirements as well as the corresponding solutions, systematically sorts out the problems identified in registration
testing, including those related to quality standards, method development and validation, and deeply discusses the

importance of pre-test communication, core communication content, as well as key points related to method trans-

fer and verification. It aims to provide references for researchers and developers in the registration testing of such

products and promote the standardized marketing process of the products.
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Table 1 CAR-T cell therapy products that have completed registration testing
2l {3l 44 T il 44 Ly WMz S A AL &R T )/
Nonproprietary names ~ Trade Target Registration ac- Manufacturing unit Indication B b B
name ceptance No. Marketing
time/stage
Axicabtagene ciloleu-  Yikaida CDI19 CXSS2000006 Fosun Kite Biotechnol- ~ Adult patients with 2021.06.22
cel injection ogy Co., Ltd. relapsed or refractory
large B-cell lymphoma
Relmacabtagene auto-  Beinuoda CDI19 CXSS2000036 JW Therapeutics Adult patients with 2021.09.03
leucel injection (Shanghai) Co., Ltd. relapsed or refractory
acute lymphoblastic
leukemia
Idecabtagene vicleucel — Fukesu BCMA CXSS2200055 Innovent Biologics Adult patients with 2023.07.04
injection (Suzhou) Co., Ltd. and relapsed or refractory
Nanjing IASO Biophar-  multiple myeloma
maceutical Co., Ltd.
Inaticabtagene auto- Yuanruida CDI19 CXSS2200093 Juventas Co., Ltd. Adult patients with 2023.11.13
leucel injection relapsed or refractory
acute lymphoblastic
leukemia and large B-
cell lymphoma
Zevorcabtagene auto- Saikaize BCMA CXSS2200084 CARsgen Life Sciences ~ Adult patients with 2024.03.01
leucel injection Co., Ltd. and CARsgen  relapsed or refractory
Pharmaceuticals Co., multiple myeloma
Ltd.
Ciltacabtagene auto- Kaweidi BCMA CXSS2200094 Nanjing Legend Biotech ~ Adult patients with 2024.08.27
leucel injection Co., Ltd. relapsed/refractory
multiple myeloma
Lenmacabtagene auto-  Hengkailai  CDI19 CXSS2300098 Shanghai Hengrundash-  Adult patients with 2025.07.30
leucel injection eng Biotechnology Co.,  relapsed or refractory
Ltd. large B-cell lymphoma
Puzolcabtagene auto- / CD19 CXSS2400075/76 Chonggqing Precision Patients aged 3-21 2025.11.04
leucel injection Biotechnology Co., Ltd.  with relapsed/refracto-
ry ALL (acute lympho-
blastic leukemia)
Pocabtagene autoleu- / CDI19 CXSS2400131 Beijing Yimiao Shen- Relapsed or refractory ~ NDA
cel injection zhou Pharmaceutical diffuse large B-cell
Technology Co., Ltd. lymphoma
Satricabtagene auto- / Claudinl8.2  CXSS2500068 CARsgen Life Sciences  Claudinl8.2-positive NDA

leucel injection

Co., Ltd. and CARsgen
Pharmaceuticals Co.,
Ltd.

advanced gastric/gas-
troesophageal junc-
tion adenocarcinoma
patients (=2nd-line
failure)

/2 BITCH 4 NDA: A T3 2 L iy sl B

/: no proprietary name available yet; NDA: the phase of new drug application for marketing approval.
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Table 2 Challenges in registration testing of CAR-T cell therapy products

Phlid

Dimension of challenges

CAR-THHHLIRYT ™
CAR-T cell therapy products

Ry T 2 SE B 0

Macromolecular drugs (e.g., monoclonal antibodies)

Product characteristics

Production characteristics

Sample timeliness

Regulatory level

As live cell drugs, there are still many areas to be further
studied in the scientific understanding of effectiveness (bio-
logical efficacy); safety risks such as potential tumorigenicity
caused by viral transduction need to be evaluated in advance
through testing

The yield per batch is extremely low, making it impossible
to sample according to conventional sampling principles; the
use of patient samples for registration testing has ethical and
feasibility issues, but the representativeness of healthy hu-
man samples is also controversial; some products are fresh
preparations with extremely short validity periods, making it
difficult to complete registration testing items within the time
limit

Samples have a short survival time and need to be tested
within an extremely short time; sample transportation and
storage conditions are strict, and errors in any link may lead
to distortion of test results; the product has a small single
batch quantity and short shelf life, and the registration test
batch needs to be re-produced, which may cause delays in
submission for inspection. During the second registration
test, the product from the initial registration test may have ex-
pired, and the use of new batch samples for testing will affect
the continuity and consistency of results

Inspection standards lack unified norms. Due to high product
heterogeneity, it is difficult to formulate universal quality
standards, and it is challenging to define the acceptable range
of key quality attributes; it is necessary to balance “timeliness”
and “accuracy”, requiring both rapid completion of testing
and ensuring data reliability

As non-living biological macromolecules, mature
detection systems for efficacy evaluation methods
have been established; safety risks are mostly related
to immunogenicity or physicochemical stability,
which can be detected by standardized methods

Large-scale production mode, with a single batch
yield meeting the needs of thousands to tens of
thousands of patients, fully in line with conventional
sampling principles. In terms of time control, most
macromolecular drugs are stable preparations with a
validity period of 2-3 years, and registration testing
can be completed calmly before the product is mar-
keted

Samples have good stability and a long testing win-
dow; transportation and storage conditions are rela-
tively loose, with low sensitivity to the environment;
large single batch yield and long shelf life can meet
the time requirements of registration testing without
re-production. Even if a second registration test is
required, the retained samples of the same batch can
be directly used for testing to ensure the continuity
and consistency of the two test results

Quality standards are unified and clear, with mature
detection methods and acceptance criteria for key in-
dicators; regulatory processes are standardized, with
relatively fixed inspection cycles and requirements,
which can be advanced according to conventional
procedures
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Fig.1 Summary of review opinions on quality standards
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Table 3 Product-related information that inspection institutions need to know
EiseSil ERENTES

Information category Specific content

Basic information of CAR-T cell

products

Core product information: product name, target, indication, clinical research progress; process data: key pro-

cess parameters throughout the process, process control strategies for each link and corresponding verifica-

tion data; viral vector information: type, source of viral vector, as well as its production process and quality

control measures; stability data

Proposed product registration qual-

ity standards

Testing items for CAR-T cell products and viral vectors; detection methods corresponding to each item, mod-

els of instruments used and information of reagents used; limit standards for each item, as well as the basis

for setting key items and limit standards

Development and validation of key

methods

Scientific basis for method selection; consideration of key influencing factors in method development and

results; method validation plan and validation results
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Table 4 Key contents needing focus in methodology transfer and confirmation

ESl NS

Category Specific content

Key methods for transfer (1) Quality control methods related to purity and efficacy: such as phenotype, killing activity, etc. (2)
Methods related to safety: such as RCR (replication-competent retrovirus), VCN, mycoplasma detection,
etc.

Evaluation parameters for different (1) Biological efficacy detection: focus on the applicability of the model, accuracy and precision of the

methods method, etc. (2) RCR/RCL detection methods: focus on the limit of quantitation/limit of detection and
precision, etc. (3) Mycoplasma detection: focus on evaluating the limit of detection of the method, etc.

Acceptable evaluation criteria Meet the acceptable standards for method validation formulated by the applicant or pharmacopoeial
standards

Types of samples for transfer Quality control products, reference products, or representative samples, etc.
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