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Abstract

Mesenchymal stem/stromal cells (MSCs) have broad application prospects for
regenerative medicine due to their self-renewal, high plasticity, ability for differ-
entiation, and immune response and modulation. Interest in turning MSCs into
clinical applications has never been higher than at present. Many biotech compa-
nies have invested great effort from development of clinical grade MSC product
to investigational new drug (IND) enabling studies. Therefore, the growing
demand for publication of MSC regulation in China necessitates various discus-
sions in accessible professional journals. The National Medical Products Adminis-
tration has implemented regulations on the clinical application of MSCs therapy.
The regulations for MSCs products as drug have been updated in recent years in
China. This review will look over the whole procedure in allogeneic MSC devel-
opment, including regulations, guidance, processes, quality management, pre-
IND meeting, and IND application for obtaining an approval to start clinical trials
in China. The review focused on process and regulatory challenges in the devel-
opment of MSCs products, with the goal of providing strategies to meet regula-
tory demands. This article describes a path for scientists, biotech companies, and
clinical trial investigators toward the successful development of MSC-based ther-

apeutic product.
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medicine development in China, including regulations, guidance, processes, quality management,
pre-investigational new drug (IND) meeting, and IND application for obtaining an approval to
start clinical trials. The results of this study will be valuable for researchers who are interested in

developing MSCs products and other cell therapy products.
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1 | INTRODUCTION

Mesenchymal stem/stromal cells (MSCs) have been derived from a
broad subset of human tissue sources, such as bone marrow,?
adipose,® dental pulp,* umbilical cord,>® placenta,”® amniotic
membrane,”1° endometrial tissue,***2 umbilical cord blood, peripheral
blood,*®** and limbus,'® and so forth. Over the last 20 years the MSC
has become one of the most promising candidate cells used for thera-
peutic applications because of their role in anti-inflammation,
pro-angiogenesis, immune modulation, and ability in multilineage
differentiation under certain conditions. MSCs are immunoprivileged
and need no matching for HLA before their administration. It is rela-
tively easy to scale up for expansion from a small amount of starting
biomaterial. In vivo studies have well demonstrated their potency,
efficacy, and stability in various models to support potential clinical
application.®*® There are more than 800 registered MSC clinical
studies worldwide'? and more than 55 000 publications readily avail-
able on MSCs.?° Currently there is an increasing need to understand
the regulatory issues that have led to the development of the MSC as
a medical drug product.

The majority of MSCs products meet the minimal characteriza-
tion criteria for MSCs as defined by the International Society for
Cellular Therapy (ISCT) in 2006, which includes expression of a cer-
tain set of cluster of differentiation (CD) markers (ie, CD105, CD73,
CD90), lack of expression of certain other markers that are usually
associated with cells of hematopoietic lineage (ie, CD45, CD34,
CD14, CD19, and HLA-DR), and tri-lineage potential differentia-
tion.2! These markers are short of specificity when characterizing an
MSC cell product for a given indication. When considering these cell
markers during MSC product development, the identity and the
purity need to be defined, although most regulatory authorities in
the world do not require a pure population of MSCs used as clinical
product.

MSC products processed in culture expansion are regulated in
the United States under Section 351 of the Public Health Service Act
(PHS Act; 42 U.S.C. 262) and require an investigational new drug
(IND) application from the Food and Drug Administration (FDA) to be
tested in clinical trials.

In the European Union, MSC-based medicinal product develop-
ment and authorization is regulated through the European Medicines
Agency (EMA). The Committee for Advanced Therapies (CAT) has
been established at EMA, which is in charge of the certification and
evaluation procedures of MSCs.

According to the current law and regulation in China, the use of
MSCs in clinical study requires approval in one of two ways. In one,
the Chinese Ministry of Health has implemented regulations on the
clinical application of MSCs therapy based on approval from an ethics
committee review and qualified designated hospital. In the other way,
if MSCs are intended to be developed as a medical drug, then the clin-
ical trial using MSCs products requires an IND approval from the
National Center of Drug Evaluation (CDE) based on National Medical
Products Administration (NMPA) regulations. An IND application must
be filed by the applicant and provide comprehensive information that
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includes development of cellular and manufacturing process, quality
standards, quality control, stability studies of MSCs products, efficacy
studies, safety and toxicity studies, and the clinical trial plan and pro-
MSCs
Manufacturing Practice (GMP) conditions according to IND regula-

posals. product must be manufactured under Good
tions.?2 This review will provide an overview of the regulatory issues
and procedures that facilitate manufacturers of MSCs products to

gain approval for IND application.

2 | OUTLINE OF MSCs MEDICINE
DEVELOPMENT

In general, development of MSCs product includes several critical

stages, including the following (Figure 1):

1. Basic research stage includes MSCs isolation, purification, cell
characteristics analysis, cell culture medium development, expan-
sion, and mechanisms of action (MOA) for proposed indications.

2. Pharmacy mainly includes chemistry manufacturing control, prod-
uct testing and release, and stability programs, and so forth.

3. Pharmacology tries to define targeted indications, solidify antici-
pated mechanism of action, define route of administration, identify
biologically active dose, determine efficacy, demonstrate safety
and pharmacokinetics, and so forth.

4. Toxicology should consider a single dose toxicity test, repeated
administration toxicity test, tumorigenicity research, genetic toxic-
ity, reproductive toxicity, antigenicity test, immunotoxicity test,
and local tolerance, and so forth.

5. IND application includes pre-IND meeting, IND application filing,
and IND submission.

6. Clinical trials include exploratory clinical trials and confirmatory

clinical trials.

3 | REGULATIONS AND GUIDANCE
APPLICABLE TO MSCs PRODUCTS

The development of all medicinal products for human use is subject to
legal requirements that a biotech company must comply with. In the
United States, MSC- and other cell-based medicinal products fall
under the remit of the Center for Biologics Evaluation and Research
(CBER), specifically the Office of Cellular Tissue and Gene Therapies
(OCTGT), who regulate such products as human cells, tissue, and cel-
lular and tissue-based products under Part 1271 of CFR Title 21. In
the European Union, MSC- and other cell-based medicinal products
fall under the remit of the advanced therapy medicinal products
(ATMP) including that somatic cell therapy medicinal products, gene
therapy medicinal products, and tissue-engineering products. In
Japan, since 2014, human cell-, gene-, or tissue-derived medicinals
have been regulated under the Pharmaceuticals and Medical Devices
Act (PMD Act).2® In China, it is guided by the Drug Administration Law
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of the People's Republic of China, which was first issued by the Chinese
People's Congress in 1984. The current version of this legal document
was revised in 2019.2* Subsequently NMPA was formed according to
this law. NMPA is responsible to formulate drug quality standards,
drug management regulations, safety supervision, and management.
NMPA has established the Center of Drug Evaluation (CDE) for drugs
review and evaluation.2*

All cell therapies in China are regulated by technical guidelines for
research and evaluation of the cell therapy products by NMPA in
2017. It includes stem cell product, immune cell product, and gene
edited cell product. In addition, NMPA has renewed a biological prod-
uct appendix to the “Good Manufacturing Practice for Drugs” on April
26, 2020. Moreover, NMPA has drafted the cell therapy Products
Appendix on the “Pharmaceutical Good Manufacturing Practice
(Revised in 2010)” (draft for comments). Meanwhile, on August
4, 2020 NMPA also has drafted the “Technical Guidelines for Clinical
Trials of Human-derived Stem Cells and Derived Cell Therapeutics
(Draft for Comment).” Both current Chinese Pharmacopoeia (http://
www.baidu.com/link?url=UhOCVEwALOkfvPk7i800YYBMwgé6WPuh
UJg70ByiMfyAypukqOgXMnOxKQQK_KCP8RvvwWADB-byk14hCL
EY06YdzIAPzcS8SVPPogejleNcnxF42CGgRwGiikICstUvt) and other
national drugs standards need to be complied in new drug develop-
ment. Furthermore, NMPA was approved by International Council
for Harmonization of Technical Requirements for Pharmaceuticals
for Human Use (ICH) as a new regulation member in 2017 and all
guidelines issued by ICH will be approved by NMPA. Therefore,
the guidelines of ICH can be referenced by pharmaceutical
research and development enterprise. Further reference regarding
cell therapies could refer to the regulations and guidance docu-
ments from the US Food and Drug Administration (FDA), the
European Medicines Agency (EMA) in the European Union, Paren-
teral Drug Association (PDA) in the US, current Good Tissue Prac-
tice (GTP) in the US, and International Society for Pharmaceutical

Engineering (ISPE).

4 | CHEMISTRY, MANUFACTURING, AND
CONTROLS

41 | GMP compliant quality management system
establishment and implementation

GMP is a quality assurance system to ensure that MSC products are
consistently produced and controlled to state-of-the-art quality stan-
dards appropriate to clinical use. Therefore, clinical grade MSCs
should follow GMP guidelines to be manufactured in pharmaceutical
quality according to IND regulations.22 GMP principles significantly
contribute to providing consumers and patients with products with a
consistent quality and high safety level. To meet the principles, manu-
facturers must establish, implement, and maintain a pharmaceutical
quality system.?®> The pharmaceutical quality system should oversee
all activities, from control of incoming raw materials, manufacturing,
testing, staff, equipment, labeling, review of production records, error
detection and correction, and authorization for the final release of the
product.?® To identify and implement appropriate product quality
improvements, process improvement, variability reduction, innova-
tions and pharmaceutical quality system enhancement, and increasing
the ability to fulfill quality needs consistently. Quality risk manage-
ment can be useful for identifying and prioritizing areas for continual
improvement.?’

The manufacture of MSCs products relies upon well-trained staff
that must be qualified for the job post requirement. It is an important
element of GMP quality system. The expectation of China GMP is
that staff involved with all aspects of manufacturing and management
will have adequate education, ongoing training and periodic assess-
ment, and experience to perform their assigned duties. People in
responsible positions should have specific duties and adequate
authority to carry out their responsibilities.?’> In addition, the Cell
Therapy Products Appendix draft of the “Pharmaceutical Good
Manufacturing Practice (Revised in 2010)” (draft for comments)
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presented clearly higher and detailed qualification requirement for
key staff including the head of product manufacturing, the head of
quality control and qualified person.?®

The air cleanliness level of the production environment and facili-
ties of MSCs products should be compatible with the products and pro-
duction operations, and the manufacturing environment and facilities
should not cause pollution to raw materials, intermediates, and finished
products. And the manufacturing environment and facilities of MSCs
products should be easily and effectively cleaned and disinfected. In
addition, manufacturing environment and facilities of MSCs products
must be continuously monitoring. Furthermore, cleaning, disinfection,
maintaining and monitoring operations of manufacturing environment
and facilities of MSCs products must be regularly validated and continu-
ously controlled.?> Manufacturing equipment should be designed,
located and maintained to suit its intended purpose and utilization.
Manufacturing, measuring, weighing, recording and control equipments
should be maintained, calibrated and checked at defined intervals by
appropriate methods and qualified institutions.?’

Compliance with GMP is primarily available to the CDE through the
applicant's documentation system. This must address all aspects of opera-
tions and quality managements so that an audit can be performed that
follows all activities related to manufacturing and quality control of the
product. In addition, Chapter 8 Pharmaceutical Good Manufacturing Prac-
tices (Revised in 2010) points out that documentation is a fundamental ele-
ment of a quality assurance system. Manufacturers must have written
management procedures, quality standards, technical guidelines, produc-
tion prescriptions and process regulations, standard operating procedures
and records with correct content. Enterprises should establish manage-
ment and operating procedures for document management and system-
atically design, formulate, review, approve and issue documents. The
quality management department shall review documents related to this
specification. The content of the document should be consistent with the
relevant requirements of the drug production license and drug registra-

tion, and help to trace the history of each batch of products.?®

4.2 | Materials management

Materials refer to substances or materials used to manufacture MSCs
products, including cells, balanced salt solutions, proteases, serum, cul-
ture media, cytokines, various additives, cryopreservation reagents,
genetic modification materials, excipients, culture flasks, cell cryopres-
ervation bags, and so forth. Manufacturing materials are directly
related to the quality of MSCs products. Therefore, material manage-
ment must be based on a good and standardized quality assurance
and evaluation system including risk assessment, qualification audit
for key materials manufacturers and suppliers, development and
improvement of quality release testing, and so forth. The source, com-
position, use, dosage and quality control of materials shall be clear and
reasonable. When selecting materials, consideration should be given
to the necessity, rationality and safety, and develop verification of
process removal effect and safety risk assessment, and the materials

residual should be tested for release when necessary. It is quite
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important to use materials that have been approved for use in humans
or meet pharmacopoeia standards. For biological origin materials, such
as fetal bovine serum and human albumin, comprehensive exogenous
factor testing should be carried out, and the knowledge of new exoge-
nous factors should be taken into account in technological develop-
ment. The self-use of products should strictly prevent possible risks of
the spread of foreign factors.2’ The information of materials manage-
ment should be provided in the chemistry, manufacturing, and con-
trols (CMC) section of the IND application and CDE reviewers will

determine the suitability for manufacturing.

421 | Biomaterials
Biomaterials used for isolation and culture of MSCs are all from
donors and signed in informed consent that was approved by hospital
medical research ethics committees. Each donor is screened and
tested for human pathogens. Especially for the presence of human
immunodeficiency virus (HIV), hepatitis B virus, and hepatitis C virus
should be analyzed. All starting materials and reagents required for
the culture expansion are required to be analyzed to certify that they
were sterile and endotoxin free.*°

The procedures for cell isolation and culture expansion should be
developed under GMP condition and validated to establish master cell
bank. Quality control needs to implement during these procedures to
ensure cells stored in mast cell bank have been tested and monitored
for sterility, mycoplasma, and endotoxin. Thus, develop clear specifi-
cations and requirements, such as the cell surface markers, optimized
culture condition, cell passage number, growth characteristics, and so
forth. In principle, for cells primary isolated from biomaterials that are
suitable for establishing mask cell bank, following cell test, preserva-
tion, and manufacture are planned. The level of the cell bank can be
considered comprehensively according to the cell's own characteris-
tics, production status and clinical application; and the inspection
standard of the cell bank should be established, and the inspection
should meet the basic requirements of safety, quality controllability
and/or effectiveness.®°

422 | Excipients

The use, dosage and quality of excipients in MSCs products should be
developed and verified to prove the necessity, safety and rationality
of their use. It is advisable to select excipients that are approved for
use in humans. Otherwise, comprehensive research and evaluation
are required. In addition, there is a better choice to apply key excipi-

ents related review and approve during product IND application.3*

4.2.3 | Containers and closure systems

In order to avoid unexpected changes in product quality due to storage,

manufacturers should accomplish safety assessments and compatibility
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studies on the packaging containers and closed systems used for the
samples storage and/or finished products in the manufacturing process
of MSCs products. To illustrate their rationality of packaging containers
and closed systems use, air tightness research and frozen storage adapt-
ability research should also be accomplished.?’

The manufacturing process of MSCs products may involve the
steps of short-term direct contact between the sample and the con-
tainer, such as the collected tissue or cells, the cells in the preparation
process, and infusion of the finished product. The manufacturers
should conduct a safety assessment and compatibility study between
contact container system and MSCs products, and so forth.?? In addi-
tion, it is recommended to apply direct contact container and closure
systems related review and approve during IND application.3?

43 | CMCin GMP workshop

Since cells have the ability to survive in vivo, autonomously prolifer-
ate, or/and differentiate, their clinical research and quality control
should fully consider the above basic characteristics, while MSCs
products should meet the general requirements of drug quality man-
agement, and the whole manufacturing process of clinical samples is
reasonable comply with the basic principles and related requirements
of the “Pharmaceutical Good Manufacturing Practice.” Special atten-
tion should be paid to personnel, environment, equipments and other
requirements during the manufacturing process and quality control.
The manufacturing of MSCs products should establish a whole-
process or lifecycle quality assurance and control system; the
manufacturing process should fulfill strict process verification and
establish clear key control points. Manufacturing materials should be
controlled strictly and standard operation procedure of the MSCs
products manufacturing site should be established and validated to
avoid raw materials and production possible external source pollution
or cross-contamination during manufacturing. Effective isolation mea-
sures should also be taken to prevent the confusion of products from

different donors or different expected products.?’

43.1 | Manufacturing

The manufacturing process of MSCs products refers to the process of
in vitro operations from the donor obtaining cells to the completion of
the cell input into the recipient. Manufacturers must perform process
development and verification to prove the process feasibility and
robustness. Each step of manufacturing process is controlled to assure
that the finished product meets all quality attributes including specifica-
tions. Process validation is defined as the collection and evaluation of
data, from the process design stage through commercial production,
which established scientific evidence that a process is capable of consis-
tently delivering quality product. Process validation involves a series of
activities taking place over the lifecycle of the MSCs products and pro-
cess.>2 The process designation should avoid the cells unexpected or

abnormal changes, and meet the requirements of eliminating related

impurities. It is quite necessary to establish technical standards, process
standard operation procedure, key process control parameters, internal
control indicators and waste standards, and monitor the entire
manufacturing process. Manufacturers should continue to optimize the
manufacturing process, reduce the unintended effects of physical,
chemical or biological effects on cell characteristics, and reduce impu-
rity, such as proteases, nucleases, and the use of selective inhibitors. If
there is discontinuous production in the manufacturing process, the
storage conditions and duration of the cells should be developed and
verified. A closed or semi-closed preparation process is recommended
to reduce the risk of contamination and cross-contamination.

The monitoring of the entire manufacturing process includes the
monitoring of critical process parameters (CPP) and the achievement
of process control indicators. Manufacturers should clarify the key
manufacturing steps in process control and formulate the limited
range of sensitive parameters based on the understanding of the
overall process and the accumulated experience of the products to
avoid process drift. When necessary, the quality control of the cells in
the manufacturing process can also be carried out. The quality control
and the cell release detection in the process are combined and com-
plementary to each other to achieve the control of the overall process
and product quality.?’ Because of donor material variability and may
contain infectious disease pathogens, and the process is likely to
cause contamination, special attentions should be paid to the prevent
microbial contamination during the entire manufacturing process of
MSCs products.?®

Dosage form, prescription and prescription process of the MSCs
product should be determined according to the clinical medication
requirements and the stability of the MSCs product. Some MSCs
products need to undergo steps such as the transformation of the
physical state of the product components, the conversion of the con-
tainer, the filtration and cleaning, the combination with other struc-
tural materials, and the adjustment of the drug dosage before
administration. The determination of these process steps should also
be developed and validated, and strictly implemented in actual prod-
ucts manufacture and applications.?’ Manufacture information
regarding the components and materials used in the manufacturing of
the MSCs should be provided, with a summary of the testing per-
formed on these materials. A list of all components used in the manu-
facture should be provided. For allogeneic cells, information on the
donor screening and testing conducted should show that all donors
were qualified according to donor standards.®° The tissue source and
MSCs isolation, culturing for large scale expansion and collection must
be described in detail. The cell bank section should provide informa-
tion regarding the history, source, derivation, and characterization,
including testing to establish the safety, identity, purity, and stability
of the cells.??

All reagents information used in cell manufacturing process must
be listed in the IND. These include basic cell medium, cytokines,
growth factors, antibiotics, and fetal bovine serum, buffers, and prote-
ase, and so forth. These reagents may have an influence on the safety,
potency, and purity of the final product and are often a source of

adventitious agents, so their source, quality, qualification, and removal
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from the final product should be controlled and demonstrated. Certifi-
cate of analysis (COA) of manufacturers, quality criteria and COA of
applicant must be one of most important information for materials
management. Excipients which are present in the final product should
similarly be listed.2?**Manufacturing procedures should be described
in detail, with schematics of the isolation, passage, purification, large
scale expansion, collection, preparation and subpackage of the prod-
uct provided with in-process and final product testing identified
within these schematics. In addition, preparation of the cells, process
timing and intermediate storage, and the final formulation should be
described in detail. 222°

4.3.2 | Product testing and release
The quality research of MSCs products should perform on samples
that selected from representative product batches and appropriate
manufacture stage samples throughout development and scale-up
activities. Quality research should cover various cell analysis including
function, purity and safety, other related research projects can be
added according to the characteristics and attributes of the product.
Manufacturers must establish quality standards and quality control
strategies for MSCs products. The MSCs products should comply with
the drug quality standards approved by the NMPA. The drug quality
standards approved by the NMPA are the drug registration standards.
The drug registration standards should comply with the general tech-
nical requirements of the current “Chinese Pharmacopeia” and should
not be lower than the provisions of the current “Chinese Pharmaco-
poeia.” If the test items or indicators of the declared registered varie-
ties do not apply to the current “Chinese Pharmacopoeia,” the
manufacturers should provide sufficient and reasonable supporting
data. It is recommended to adopt a mechanism that combines quality
inspection of intermediate samples and final product release test.?2
The analysis procedures and methods of MSCs products must be
verified and validated systematically. Applicants should submit analyti-
cal procedures and methods verification and validation data to sup-
port the documentation of the identity, strength, quality, purity, and
potency of MSCs cell bank and MSCs products. For intended purpose,
the typical validation characteristics of analytical procedures and
methods should consider the followings, accuracy, precision (including
repeatability and intermediate precision), specificity, robustness,
detection limit, quantitation limit, linearity and range. The analysis
report should include principle, equipment, operating parameters,
reagents, reference standards and materials, acceptance criteria, sam-
ple preparation, stability, standards preparation, test procedure, sys-
tem suitability, calculations, data analysis and conclusion. It is highly
recommended to revalidated if there are any key changes of the drug
materials, manufacturing process, the legal analytical procedures,
national standards and self-developed analytical procedure during
MSCs product's life cycle. In addition, analytical methods in compara-
bility are requested when manufactures propose to substitute a vali-
dated analytical procedure with alternative analytical procedure or

when an analytical procedure is transferred from one laboratory to
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the other.2335 At present, the main challenge of analytical procedures
validation is the serious shortage of standards and reference reagents
in China and even in worldwide. Therefore, for solving the problem of
serious shortage of standards and reference reagents, close collabora-
tion between manufacturers of MSCs products and institutions of
standards and reference reagents is quite necessary and urgent.

As the research progresses, process-related information should
be gradually accumulated, and analytical procedures should be
improved to meet the quality control requirements of each stage.
Quality control should generally consider identity (cell morphology,
phenotype, cell markers, etc), biological efficacy, purity, impurities, cell
number (viable cell number, functional cell number, etc), cell growth
activity, cell cycle, cell doubling time, clone formation rate, and general
testing, (such as sterility, mycoplasma, endotoxin, expression and
activity of telomerase, etc). Cell characteristics research should base
on the cell types, that covers cell morphology, cell surface markers,
gene expression, cell differentiation, surface marker expression,
potency test, qualitative and quantitative measurement of secretome,
and residual amount detection of ingredients which added during
process.2?33

Analytical procedures for functional research of MSCs products
should be established based on the nature, characteristics and
intended utilization of cells. To establish reasonable and effective ana-
lytical procedures on biological efficacy, the mechanism of action
should be consistent with clinical indications. In terms of cell purity, it
is recommended to test cell subpopulations and viability. Impurities
research should include in cell processing (such as proteases, animal
serum protein, recombinant protein and cytokines, etc) as well as final
cell product (such as dead cell residues and other possible biodegrada-
tion products, etc). Safety-related research should be considered
based on the characteristics of cell source and process, and can be
selected for exogenous factors, the possibility of cell malignant trans-
formation, genetic stability, tumorigenesis and tumorigenicity.?%->3

Relevant research imitates the cell administration process should
be developed and improved. If the operation (cell recovery, products
dilution, etc) is carried out in a research center of hospital, applicants
should establish the standard operation procedures and give clinical
researchers good training. It is highly recommended to carry out the
standardized process validation test to verify final product quality
after completing the operation before administration process, such as
cell morphology, cell phenotype, multilineage differentiation potency,
cells number and viable ratio, appearance, potency, identity, sterility,
mycoplasma, endotoxin, other exogenous substances, and so forth.3°
Potency measurements are used to demonstrate that only product
lots that meet defined specifications or acceptance criteria are admin-
istered during all phases of clinical investigation and following market
approval.®¢ In general, for cellular and gene therapy products, there is
no single test that can adequately measure those product attributes
that predicts clinical efficacy. Therefore, it is necessary and advisable
for developing several attributes test for potency evaluation of cellular
and gene therapy products.

Release testing should be performed on each manufactured prod-

uct lot. Specifications for the final product should be clearly set up in
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the IND, usually in a tabular format. The final release testing data
should be available preferably prior to administration of the MSCs
product in clinic. All products must be trackable and identifiable from

product collection to administration and carry appropriate labeling.>®

4.4 | Stability studies of MSCs products

The manufacturing of MSCs products is recommended to adopt a
continuous process. For samples that need to be temporarily stored
during the production process, stability studies should be carried out
to support their storage conditions and storage period. Stability test-
ing must be performed to show that the final cell product is suffi-
ciently stable over the time required in the study (from final release to
administration) and an expiration date for final product should be indi-
cated. The basic principles of MSCs product stability research can be
based on a reasonable research plan according to the product's own
characteristics, clinical drug needs, and storage, packaging and trans-
portation conditions. Research should be carried out using representa-
tive cell samples and storage conditions.®” In addition, final product
transportation proposals should also be developed and improved, and
the stability proposals should be validated. Furthermore, products
preparation procedure before administration also should be validated

to confirm the final products quality.??33

5 | PHARMACOLOGY PARTININD FILING

The pharmacology section presented in the IND application must sup-
port the proposed clinical trial. The objectives of the nonclinical pro-
gram should be to establish the biological plausibility of the proposed

therapeutic product and identify biologically active dose levels.??

5.1 | Pharmacodynamics

Pharmacodynamics research should adopt reliable methods to verify
the basic treatment mechanism of MSCs products and determine bio-
logical effect markers. The trial design should consider factors such as
mechanism of action on MSC product, the length of the disease cycle,
administration procedure, together combined with the characteristics
and survival time of the cell in vivo. It is recommended to complete
the pharmacodynamics research of MSCs products using both rele-

vant in vitro and in vivo models.2’

5.2 | Pharmacokinetics

Pharmacokinetic studies should be able to clarify in vivo processes of
cells and the accompanying biological behaviors. Appropriate animal
models should be selected according to the types and characteristics
of MSCs products. Generally, both male and female models should be

considered. According to research purpose and clinical value of

indicators, establish a suitable biological analytical procedure and per-
form the necessary analytical validation. Pharmacokinetic studies
should focus on the proliferation of target cells, the expression and/or
secretion of bioactive molecules in the body, and the interaction with
host tissues. In general, pharmacokinetic research mainly includes dis-
tribution, migration and homing of cells, cell differentiation, apoptosis,

aging, and so forth.2?

6 | TOXICOLOGY PARTININD FILING

The toxicology research and evaluation of MSCs products should
comply with the “Pharmaceutical Non-clinical Trial Good Laboratory
Practice” (GLP). In addition, for certain studies carried out under non-
GLP conditions, the impact of non-GLP on the reliability and integrity
of test results and the overall safety evaluation of MSCs products

should be explained and evaluated.?’

6.1 | Safety pharmacology studies

The active substances secreted by MSCs may have impact in multiple
systems in our body including central nervous system, cardiovascular
system, respiratory system, and so forth. MSCs products may also
affect vital organ function. Therefore, safety pharmacological tests
could identify undesirable pharmacodynamics properties of factors
that may have relevance to human safety and should be considered
for MSCs products. In addition, if potential risks are found in toxicity
tests, relevant safety pharmacological tests should be supplemented

for further evaluation.??

6.2 | Single dose toxicity test

The single-dose toxicity test can obtain the dose-response relationship
between the dose and the systemic or local toxicity, which is helpful to
understand the target organ of toxicity, and can also provide a certain
reference for the dosage design of repeated-dose toxicity test. Since
MSCs products can play or induce long-term effects, the observation
time of a single administration should consider the survival time of cells,
which should generally be longer than the conventional observation
time of a single administration toxicity test.?’ At present, for MSCs

product, the observation period of single dose toxicity test is 1 month.

6.3 | Repeated administration toxicity studies

The test design should include the basic elements of conventional tox-
icology research, and be in conjunction with the particularity of MSCs
product in order to obtain as much safety information as possible.
According to the different characteristics of MSCs product, animal
species that can produce the biological activity of MSCs product is

used for repeated dose toxicity studies. If nonclinical studies can be
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carried out without related species, animal experiments on non-
related species may also be valuable for evaluating manufacturing pro-
cess, safety of the full prescription, and nontarget effects. Referring to
the “Technical Guidelines for Toxicity Research on Repeated Drug
Administration,” multiple dose levels need to be designed, including
the proposed clinical dose range and the maximum feasible dose, and
the prescription composition and manufacturing process. Besides con-
ventional observation indicators, appropriate observation indicators
should be selected based on product characteristics such as behav-
ioral testing, neurological function testing, cardiac function evaluation,
ectopic proliferative lesions (such as tumor), biomarkers, active mole-
cules secretion, anti-MSCs antibody level, immune response, and
interaction with host tissues.?”3® As for the repeated administration
toxicity test duration, ICH guideline recommends for 6 months on

rodent model and for 9 months on non-rodent model.*®

6.4 | Immunogenicity and immunotoxicity studies

MSCs products need to be studied for their potential immunogenicity.
For immunogenicity studies, please refer to the latest version of the
technical research guidelines.??>? In addition, attention should be paid

to the immunotoxicity induced by MSCs products.

6.5 | Tumorigenicity/carcinogenicity studies

The tumorigenicity/carcinogenic risk of MSCs products depends on the
differentiation status of cells, the changes in growth kinetics caused by
the cell culture procedure used in production process, inducing or
enhancing the possibility of tumor formation in the host and target
patient population, and so forth, need to be comprehensively consid-
ered based on the above characteristics. At present, there is no scien-
tific consensus on how to select animal models for tumorigenicity/
carcinogenicity studies. The tumorigenicity/carcinogenicity studies
should use the clinically intended products for testing. The tumorigenic-
ity/carcinogenicity studies need to ensure that the cells can survive in
the body for a long time to investigate whether there is potential tumor
formation. The following aspects should be considered carefully in
experimental design: (a) Appropriate control group (such as positive
control, blank control), in addition, it is recommended there are three
different MSCs cell dose group; (b) Each group must have enough ani-
mals to make the analysis of tumor incidence meet the statistical
requirements, and it is recommended there are 20 mice for each group;
(c) Need including the maximum feasible dose, and it is recommended
there are 10 times dosage for the highest group more than proposed
clinical dosage; (d) The test substance should reach the planned clinical
treatment site, and both subcutaneous and clinical route of administra-
tion should be considered; (e) A sufficiently long test period, in general,
6 months was recommended. In addition, due to immune rejection,
tumorigenicity/carcinogenicity studies of human-derived MSCs prod-
ucts can be considered using immunodeficiency rodent models
NOD/SCID, NPG, NSG, NOG, and so forth.274%42
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6.6 | Reproductive toxicity studies

The evaluation of reproductive and developmental toxicity of
MSCs products mainly depends on the characteristics of the MSCs
product, clinical indications and the population to be used clini-
cally, and should be analyzed in detail according to specific

conditions.?43

6.7 | Genetic toxicity studies
For human-derived MSCs products, if the product has a direct interac-
tion with DNA or other genetic material, a genotoxicity test is

required.??44

6.8 | Special safety studies
According to the characteristics and clinical application of MSCs prod-
ucts, evaluation of local tolerance, tissue compatibility and tolerance

to secreted substances should also be considered.

7 | CLINICAL TRIAL CONSIDERATIONS
IN IND

When MSCs products enter the stage of clinical trials, researchers
should follow the requirements of the “Pharmaceutical Clinical Trials
Good Clinical Practice” (GCP), Technical guidelines for clinical trials of
human-derived stem cells and their derived cell therapy products
(draft for comments) (Released in July 2020 by the Biological Products
Clinical Department of CDE, NMPA), ICH harmonized Tripartite
Guideline for Good Clinical Practice (E6-R1).#>** In principle, the clini-
cal trial content should include clinical safety evaluation, pharmacoki-
netics, pharmacodynamics, dose exploration and confirmatory clinical
trials. In addition, the specific clinical study design can be adjusted as
selected indicators, according to the nature of different MSCs

products.2?%”

7.1 | Indicator selection

The therapeutic potential of MSCs products from their several
properties, including their ability to (a) differentiate into various
cell lineages, (b) secrete soluble factors crucial for survival and pro-
liferation, (c) modulate immune response, and (d) migrate to the
injury site.?® The properties of MSCs are the main factors for con-
sidering to select the indicator. In addition, investigators usually
select the appropriate indicator according to in vitro and animal
model pharmacodynamic. Furthermore, indicators reported in
papers, registered in clinical trials institutes, approved by some
Center of Drug Evaluation also be recommended to refer for new

indicator selection.
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7.2 | Subject's protection

The purpose of the subject selection process is to make sure that the
expected risks and potential benefits to the research subjects are care-
fully evaluated, while achieving the scientific purpose of the research.
For MSCs products with high-risk characteristics such as long-lasting
or permanent effects and invasive administration, patients who are
expected to benefit from the treatment should be selected for the
trial. The subject choice may affect the risks and benefits of clinical tri-
als. The possible risks and benefits of subjects should be fully stated in

the clinical trial proposals and informed consent form.2%*”

7.3 | Pharmacodynamics

In early clinical trials, the main purpose is usually to evaluate the
safety of the product, and the secondary purpose is to initially evalu-
ate the efficacy of the product, that is, pharmacodynamic evaluation.
Evaluation indicators are short-term effects or long-term outcomes
that may indicate potential effectiveness. In the activity evaluation of
MSCs products, it can include special indicators such as gene expres-
sion, cell implantation, morphological changes, and other biomarkers.
It can also include changes in immune function, or various types of
physiological responses. If the purpose of using MSCs products is to
correct the biological functions of functionally defective or damaged
cells or tissues, functional testing of MSCs products should be per-
formed. If the intended utilization of the MSCs product is to repair/
immunize/replace cells/tissues and is expected to function for life, the
relevant structural/histological test indicators should be tested as
potential pharmacodynamic markers, including microscopy, histologi-
cal testing, imaging technology or enzyme activity index testing, and
so forth.2?47

74 | Pharmacokinetics

The in vivo process research of MSCs products should be carried out
as much as possible. In clinical trials, the research requirements, possi-
ble methods and feasibility should be discussed, and attention should
be paid to the detection of cell viability, proliferation and differentia-
tion capabilities, in vivo distribution/migration and related biology
during the expected activity process of MSCs products. If multiple
administrations of MSCs products are required, the expected survival
time and corresponding functions of the MSCs products in the body
should be considered when designing the clinical protocol.?**” How-
ever, it is actually quite difficult to implement pharmacokinetics

because of methodological limitation.

7.5 | Dosage exploration

One of the purposes of early clinical trials is to explore the effective

dose range of MSCs products. If possible, the maximum tolerated

dose should also be determined. The dosage of the MSCs product
should be determined based on the results obtained in the product
quality control research and nonclinical research, and the biological
efficacy of the product should be comprehensively considered. Some
MSCs products will exist in the subject for a long time. Therefore, the
first human trial should adopt a single-dose regimen. The repeated
dose clinical trial can be performed after considering fully both under-
standing of the product's toxicity and duration of action. The setting
of the dose increase should take into account the risks and activities
related to the dose change in the preclinical data and any existing clin-
ical data. At the same time, the specific safety risks of MSCs products
should be fully considered, and sufficient dosing intervals and follow-
up times should be set to observe acute and subacute adverse events.
Although the dosage of MSCs products may depend on the individual
conditions of the patient, the evidence of dosage exploration studies
provided by early clinical trials is still an important basis for determin-

ing dosage in confirmatory clinical trials.?%*”

7.6 | Clinical efficacy

Usually, the confirmatory clinical trial should be carried out in the tar-
get indication population, there should be sufficient sample size, rea-
sonable control, selection of clinically significant endpoint indicators
to be reached and the statistical methods used to address them in
detail. And the method of endpoint measurement must be deter-
mined. The statisticians should calculate the appropriate sample size
that is required to answer the questions with sufficient statistical
power. In addition, the clinical trial should be able to provide a clinical
dosing regimen that can produce the expected therapeutic effect, the
duration of efficacy, and the benefits and risks in the target popula-
tion. The previously validated or generally recognized indicators can
be used as a surrogate end point, which should have clinical signifi-
cance and be related to the efficacy of the treatment. If the efficacy
of MSCs product depends on the long-term maintenance of the bio-
logical activity of the input cells, the clinical trial observation time
should be designed according to the expected biological activity of
MSCs product, and a long-term patient follow-up plan should be

provided.2®*”

7.7 | Clinical safety

The safety monitoring of MSCs products should run through the
entire process of product development. All safety issues arising in
nonclinical studies should be analyzed and solution proposals should
be proposed, especially in the absence of corresponding animal
models or lack of homologous animal models to predict the safety of
humans and animals in the context of physiological differences. In
early trials, its main purpose is to evaluate safety. Based on risk con-
siderations, other subjects should be included on a case-by-case basis
after the safety of the first subject is fully exposed and evaluated.

General monitoring of safety evaluation usually includes symptom
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records and routine clinical examinations. The specific monitoring
items depend on a variety of factors, such as the nature of MSCs
product and its mechanism action, the research population, the results
of animal studies, and any relevant clinical trial experience including
being published papers. Besides general inspections and monitoring
for expected and unexpected safety issues, it is also necessary to eval-
uate specific expected safety issues for MSCs products. Such as acute
or delayed infusion reactions, cytokine release syndrome, autoimmune
reactions, graft failure or MSCs product inactivation, graft vs host
reaction, associated malignant diseases, transmission of donor infec-
tious diseases, and so forth. In addition, applicants must collect all
adverse events in clinical trials and report to CDE as required of ICH
E2A: clinical safety data management: definitions and standards for
expedited reporting (http://www.cde.org.cn/ichWeb/guidelch/
downloadAtt/1/4f620036ec6954c3eae5890c22ac2ab3) and ICH E2B
(R3): implementation guide for electronic transmission of individual
case safety reports (ICSRs) E2B(R3) data elements and message
specification  (http://www.cde.org.cn/ichWeb/guidelch/downloadAtt/
1/cce6da0f334b083a752a888dac60df4a). 4847

In confirmatory clinical trials and post-marketing phases of MSCs
products, besides general symptom records and routine clinical exami-
nations, attention should also be paid to changes in some important
biological processes, including immune response, immunogenicity,
infection, malignant transformation, and so forth. Since the pharmaco-
logical activity of MSCs products may be slow or delayed, regardless
of whether the subject has received the entire treatment plan, the
safety and pharmacological activity should be continuously monitored.
For products that are expected to have long-term activity, patients
should be followed up to determine the long-term efficacy and fully
expose the safety issues related to the MSCs product. The duration of
follow-up should be able to provide preliminary evidence of effective-
ness and the duration of the MSCs product activity, and consideration
should be given to factors such as whether the product causes late-
onset safety issues.2”*’

Based on risk management, it is recommended to carry out clini-
cal safety studies of repeated dosing products. The possibility of
repeated dose should be considered when determining the maximum
safe dose. In the clinical trials of MSCs products, there is considerable
uncertainty in the frequency or severity of adverse reactions. There-
fore, the clinical trial plan should include stopping standards, risk
assessment plans, and an independent data and safety monitoring

committee. 2?47

7.8 | Trial stop rules

NMPA recommends that clinical trial programs of MSCs products
should include trial stop rules so that the risks and the number of sub-
jects can be controlled at all times. Trial stop rules usually stipulate
the severity or frequency of events (such as specific medical events or
deaths related to the indication or mode of administration). And
enrollment and administration will be suspended until the situation is

assessed. Based on the evaluation results, the clinical trial protocol
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may be revised to reduce the safety risks of the subjects. The revi-
sions generally include the revision of the entry criteria (eg, the exclu-
sion of subjects who are at higher risk of specific adverse events), or
the reduction of doses and times, the adjustment of product formula-
tion or administration mode, or the improvement of subject safety
monitoring programs. After the trial plan is adjusted and improved,

the trial may be resumed.*”

7.9 | Risk management plan
When formulating a risk management plan, the conventional
pharmacovigilance and product traceability should be elaborated. Fur-
thermore, the possible differences in drug delivery, individualized
preparation, special treatment or adjuvant therapy that could results
in efficacy and safety difference of MSCs products should be consid-
ered comprehensively. As part of risk management, standardized and
feasible standard operating procedures should be formulated and clin-
ical investigators should receive systematic training and passed the
assessment.2?47

MSCs products may require specific long-term studies to monitor
specific safety issues, including failure. Long-term safety issues such
as infection, immunogenicity/immunosuppression, and malignant
transformation should be evaluated. And sufficient follow-up time is
needed to evaluate MSCs products safety. As high-risk MSCs prod-
ucts, patients should be followed up for long enough, or even for life
in early stage. The follow-up interval can be extended or shortened in
late clinical stage according to increasing experience of MSCs prod-

ucts application.??*”

8 | PRE-IND MEETING
A pre-IND meeting with CDE is highly recommended for any innova-
tive medicines including MSCs products. The pre-IND meeting is a
type Il meeting and to solve major technical problems before submit-
ting the first clinical trial application. The technical problems mainly
including whether the existing research data supports the proposed
clinical trial, whether the risk of clinical trial subjects is controllable,
and so forth. The meeting request should submit enough information
including clinical trial proposal, pharmaceutical, and nonclinical
research information. Applicants should prepare and submit qualified
“Communication Meeting Application Form” and “Communication
Meeting Materials” through the “Applicant Window” on the website
of the Drug Evaluation Center, and the form of communication should
be indicated when applying. The forms of communication include:
face-to-face meetings, video meetings, teleconferences, or written
responses. And applicants are encouraged to communicate with the
Drug Evaluation Center through telephone conferences.??°° How-
ever, the authors suggest that face-to-face meetings communication
is the most effective choice for innovative medicines.

CDE will decide whether communicate application meets the

requirement and the form of communication that applicant
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submitting. CDE will grant usually a pre-IND meeting within 60 days
after receipting a communication meeting application. Meetings are
typically most productive when questions are focused and specific.
Questions should be as precise as possible and include a foreword
and background with a brief explanation of the context and purpose
of the question. Opened and new questions should be avoided as
much as possible. Typically, pre-IND meetings are scheduled for
60 and occasionally 90 minutes.>®

The meeting minutes should be written in accordance with the
requirements of the “Communication and Exchange Meeting Minutes
Template.” If the applicant and CDE reach an agreement, they should
state their common views. If the applicant and CDE have not reached
an agreement, they should state their respective views, and authors
recommend that applicant should formulate the following plan and
proposals and gain the approval of CDE for responding to disagree-
ment views as soon as possible. The meeting minutes shall be finalized
no later than 30 days after the end of the meeting. The meeting
minutes are encouraged to be formed on the spot. The meeting
minutes will be uploaded to the communication system by the CDE
project management staff within 2 days after the final draft, and the
applicant can check it through the applicant window. The minutes of
the meeting mainly include two parts: consensus and disagreement,

and are archived as important documents.®

9 | IND SUBMISSION

The submission of the IND application will follow the pre-IND meet-
ing and meeting minutes signed. Meanwhile, applicant must fully
address any issues raised at the pre-IND meeting to be successful.
The cell therapy products should be filed according to guideline docu-
ments of organization of the common technical document of the reg-
istration of pharmaceuticals for human use since February, 2018.%!
Once the IND application was received, the CDE has 5 days to check
the completeness of the submitted materials to decide if the IND
application will be accepted according to guidelines for acceptance
and review of registration of biological products (type Il therapeutic
biological products, draft for Comments).>>5® CDE will grant one
acceptance number and issue acceptance notice to applicant following
acceptation of the IND application. After the IND accepted, CDE will

carry out professional review and evaluation.

10 | CDEACTION ONIND APPLICATION

After accepting of IND application, CDE will organize pharmacy, phar-
macology, toxicology, medicine and other technical personnel to
review and evaluate for IND application materials. Reviewers may
have questions, provide non hold comments, or place the IND on clini-
cal hold within that 60-day time limit. Typically, CDE will have com-
ments and/or questions and will contact the applicant prior to the
60-day deadline. Being responsive to the agency at this point will help
the application clear within the 60-day time frame.?? And applicant

should respond comprehensively these questions in 5 days. CDE may
apply a clinical hold to stop the clinical investigation from proceeding
until identified issues are comprehensively addressed.?? Several key
sections in the IND are the clinical protocol with appropriate eligibil-
ity, inclusion and exclusion criteria for subjects, investigation end-
points, follow-up cycle, stopping rules and dosing justification
(starting dose/dose escalation), dosing frequency and schedules, the
process and qualification studies, and safety, pharmacology and toxi-
cology studies. For holding of clinical trial application, applicant can
apply clinical trial resume by resubmitting registration IND application

materials after accomplishing supplementary researches.

11 | MOVING TO A CLINICAL TRIAL

Clinical trial is last but not least step for MSCs products development.
Safety and efficacy of MSCs therapy must be verified and conformed
in clinical trials. When an IND becomes active, investigators and clini-
cians can carry out clinical trial according to trial proposals approved
by CDE. The applicant shall formulate the corresponding clinical trial
plan before carrying out the subsequent clinical trial, which shall be
carried out after review and approval by the ethics committee, and
submit the corresponding clinical trial plan and supporting informa-
tion. The applicant shall regularly submit a safety update report during
the trial on the website of the CDE.*®*° The safety update report dur-
ing the trial should be submitted once a year and within 2 months
after every 1 year after being approved. For suspicious and unex-
pected serious adverse reactions and other potentially serious safety
risk information during clinical trials, the applicant shall promptly

report to the CDE in accordance with relevant requirements.?24”

12 | FUTURE PERSPECTIVE

Translation of MSCs from the research and development stage into
therapeutic application in the clinic via regulatory authority is
demanding. Understanding overall pathways for regulatory issue could
help to establish a clear framework for the generation and compilation
of the required data in IND application. In China, early communication
with CDE is advisable.

It is challenging work to make a consistent, efficacious MSC prod-
uct in regulation. The inherent characteristic of MSC for disease inter-
vention is that they are living cells. Furthermore, the heterogeneous
population of MSCs conducted in clinical trials may result in a variable
outcome. Optimization of manufacture process along with the devel-
opment and validation of potency assays could take long time. In addi-
tion, biological variability, raw materials standard, characterization,
reagents, aseptic processing, and cryopreservation are all essential
and necessary for examination during development.

The identification of relevant MOA will be of crucial importance
in determining the acceptability of a degree of heterogeneity, since
MSC activity in a specific clinical application should help inform selec-

tion of an ideal MSC population, whether this may be a defined



DEVELOPMENT AND IND APPLICATION OF MSCs PRODUCTS

STEM CELLS S29

heterogeneous preparation or a specified subset. The majority of
MSCs product candidates developed currently are heterogeneous
population expanded under various protocols. As such MSC products
may generate various features from in vitro (cellular and biochemical)
and in vivo (animal and clinical) studies. Product needs to ensure
meeting labeling requirements and complying with applicable biologics
and cGMP regulations. It is required by CDE to submit product data
used during all phases clinical study to ensure the quality, identity,
purity, strength, and stability.

It is very important for potency assay development as it correlates
to a therapeutic dose and product efficacy. Potency assay measures
biologic activity for a MSC product, and also verifies the comparability
of different lots of a product or between different MSC products.
Potency assay data need to demonstrate a biological relevance to pro-
posed clinical application. In case potency assay is not available, a sur-
rogate test could be considered if correlation with functionality has
been demonstrated, for instance transcriptome and secretome analysis.
The FDA has published a guidance document with recommendation
for developing potency assay for cellular and gene therapy products.3®

Before submitting an IND application, there are many key
translational steps to be completed including process development
and improvement, analytical procedures development and verifica-
tion, GMP compliance workshop establishment and validation,
quality risk evaluation and management, pharmaceutical quality
system construction and implementation, and so forth. All these
development steps are linked to each other and are quite critical
for MSCs product transition into a clinic trial. Therefore, MSCs
products development and IND application is a long and complex
process.

In general, the IND application process for MSCs products covers
compliance process of product preparation, quality testing, quality
management, and so forth. The scientific aspect of MSCs product
development is mainly resolved by the basic research at the drug dis-
covery stage, while the compliance MSCs products development is
mainly dealing with reference regulations and guidelines of national
and NMPA for product development process. From the perspective of
MSC therapeutic company, early regulatory strategy development is
advisable. Communicating and cooperating closely with regulatory
authority throughout the MSC product development will make the
regulatory pathway straightforward.
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