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ARTICLE INFO ABSTRACT

Ar H'C{e History: Background aims: Cell-based regenerative medicine is an innovative field that can potentially alter the overall
Received 14 January 2021 survival and quality of life of patients with devastating diseases. Several cell therapy products (CTPs) have
Accepted 20 April 2021 been approved within the last two decades, and more are under development. The establishment of an effec-

Available online xxx tive developmental strategy in accordance with the regulatory bodies of each country/region is crucial for

fast delivery of each respective CTP. In particular, facilitating investigational new drug (IND) approval is

iil?;\ z‘;‘;\:{d&' important for accelerating the transition from non-clinical to clinical research/trial phases.
Asia Methods: Here the authors compared the non-clinical prerequisites for initiating clinical studies in five Asian

cell therapy product countries/regions (India, China, Korea, Taiwan and Japan) from an industry viewpoint. The authors first identified
non-clinical assessment the differences and tried to clarify the perspectives/considerations underpinning the different requirements.
regulatory guideline Results: The authors’ findings revealed that differences in regulations and development experiences, especially
with CTPs, have led to clear differences in the non-clinical study package and its corresponding study design.
Conclusions: By sharing experiences of the research and development of CTPs among Asian countries/regions
and including not only industry but also regulatory authorities, we will be able to expedite cross-border IND
approval and eventually contribute to the early delivery of innovative CTPs to many Asian patients.
© 2021 International Society for Cell & Gene Therapy. Published by Elsevier Inc. All rights reserved.

Introduction

Regenerative medicine is a fast-growing field of the past decade
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Fig. 1. The participating members of APACRM. ABLE, Association of Biotechnology Led Enterprises (India); BPIPO, Biotechnology and Pharmaceutical Industries Promotion Office
(Taiwan); CARM, Council for Advanced Regenerative Medicine (Korea); CMBA, China Medicinal Biotech Association (China); FIRM, Forum for Innovative Regenerative Medicine
(Japan); SAPI, Singapore Association of Pharmaceuticals Industries (Singapore); SCRM, Strategic Center for Regenerative Medicine (Korea).

worldwide through multi-national clinical trials or domestically
through local clinical trials [4]. Currently, there are a growing number
of clinical trials for CTPs, and as such, regulatory guidelines for spe-
cific countries/regions have been issued to support the development
path of CTPs [5,6]. However, there has been very little effort in unify-
ing the regulation of regenerative medicine, including CTPs, among
different countries/regions. Therefore, it is common that a CTP devel-
opment strategy is acceptable in some countries/regions but not in
others because of differences in regulatory requirements. In such cir-
cumstances, the establishment of separate development strategies
for CTPs in accordance with different local regulations is indispens-
able for delivering CTPs to patients in different countries/regions.

The Asia Partnership Conference of Regenerative Medicine
(APACRM) was established in 2018 with the intention of contributing
to the regulatory harmonization of regenerative medicine products
across Asia. The local leading industry associations for regenerative
medicine are members of this conference (Figure 1). The mission of
APACRM is to support the development and delivery of quality regen-
erative medicine products to all Asian patients. Therefore, it is impor-
tant to promote harmonization and optimization of regulations
regarding regenerative medicine products throughout Asia.

Data from research and development of CTPs must undergo vigor-
ous validation to ensure quality, safety and efficacy. A consultation
with the appropriate regulatory agency to proceed with the next
phase of development is an indispensable task for sponsors develop-
ing CTPs. In particular, the efficient acceptance of investigational new
drug (IND) applications is important for accelerating the transition
from non-clinical to clinical research/trial phases.

APACRM working group 1 (WG1) was launched in June 2019 and
consists of industrial professionals from India, China, Korea, Taiwan
and Japan with expertise in non-clinical assessment of regenerative
medicine products, including CTPs. Given the recent advancements
in CTPs, the main objective of APACRM WGT is to investigate differ-
ences in non-clinical requirements for CTP registration across Asia
and identify the considerations and hurdles from the viewpoint of
regulatory science. Here the authors summarize and compare the
local perspectives, considerations and guidelines for non-clinical
assessment of human CTPs entering clinical trials from an industry

viewpoint. For sponsors developing CTPs in Asia, this information
will serve as a practical reference for preparing a non-clinical data
package that is in line with the different local regulations in Asia.

Two Virtual CTP Models

When considering the inherent complexity and diverse nature of
CTPs, a CTP development strategy is based on the specific product
profile on a case-by-case basis. Here the authors employed a case
study approach using two virtual CTPs as model products by optimiz-
ing and omitting case settings for each model. These virtual models
can help us identify the basic considerations of the different regula-
tory bodies without the constraints of a real CTP and gain further
insights into the non-clinical assessment of CTPs apart from the spe-
cific CTP profile.

First, among several sources of cells for human CTPs, the authors
selected two contrasting cell types: mesenchymal stromal cells
(MSCs) and induced pluripotent stem cells (iPSCs). MSCs have a long
history as a cell source for CTPs, and several products have already
been marketed in Asia [7,8]. Therefore, both regulatory authorities
and industries have abundant experience and knowledge regarding
this cell type. By contrast, the overall development of iPSC-derived
CTPs is still premature [9—11]. The pluripotency and infinite self-
renewal capacity of iPSCs affect the non-clinical strategy of such
CTPs, particularly in terms of safety assessment [12].

The profiles of the two virtual CTPs were created based on their typi-
cal characteristics and to highlight their contrasting differences to fully
understand the different perspectives of each country/region (Table 1).
As a general consideration of the products, target patients were adults
and target indications were set as incurable diseases or states with no
currently available therapies. The model cases have no approved CTPs
and thus have no practical reference products. To simplify these virtual
CTPs, no genetic manipulation was stipulated. The ectopic expression of
specific genes in the initial creation of iPSCs and the in-process impurity
are not within the scope of this virtual exercise.

In the case of MSC-derived CTPs, allogeneic and adipose tissue-
derived cells are normally employed for clinical use [7]. Rheumatoid
arthritis was selected as an indication because there are many patients
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Table 1
Virtual CTP profiles.

Product profile Virtual model 1: MSC-derived product

Virtual model 2: iPSC-derived product

Donor type Allogeneic

Development phase First-in-human

Cell source Adipose tissue-derived MSCs

Proliferation activity Low

Mechanism of action Immunosuppressive effects mediated by cellular secretions
Indication Rheumatoid arthritis (adults)

Clinical administration route
Clinical administration cell number ~ Low: 1 x 10 cells/body
Clinical administration frequency Monthly, six doses
Animal pathogenic model Yes

Genetic manipulation No

Local (intra-articular)

Autologous

First-in-human

Human blood cell-derived iPSCs
High

Engraftment of progenitor cells supplying functional cells
Hematologic disease (adults)
Systemic (intravenous)

High: 1 x 10° cells/body

Single dose

No

No

who are resistant/refractory to biological drugs and a validated animal
model is available [13,14]. The mechanism of action (MOA) of the
MSC-derived virtual CTP was defined as immunomodulatory effects
via paracrine factors based on previous reports [15,16]. The dosing reg-
imen in the clinical study was determined based on the chronic nature
of the disease. For the iPSC-derived CTP, autologous differentiated cells
were selected to avoid the complexity arising from immune rejection
of allogeneic cells. Hypothetical hematologic disease caused by a lack
of specific functional cells in adults was set as a target indication to
emphasize the effectiveness of supplementing progenitor cells gener-
ated from iPSCs. Systemic administration of a high-dose regimen is
very challenging and has not been attempted in clinical practice. How-
ever, using this virtual exercise to investigate the conditions under
which the clinical cell dose exceeds the maximum feasible dose (MFD)
in animals is of interest to the field.

Questionnaire on the Non-Clinical Assessment of Virtual CTPs

After establishing the virtual CTPs, the authors created a question-
naire to investigate the local non-clinical assessments needed for sub-
mitting an IND application. The questionnaire asked the participating
respondents to describe the necessary in vitro and in vivo non-clinical
studies to assess pharmacology, cellular kinetic (CK) and biodistribu-
tion (BD) studies and safety of the CTPs (Figure 2). The questionnaire
was filled out based on the local regulatory guidelines and experience
with CTP development of five Asian countries/regions (India, China,
Korea, Taiwan and Japan). The authors then compared the question-
naires to identify the rationales behind the different answers.

The Regulatory Landscape

Before presenting the questionnaire answers, the authors will
briefly summarize the Asian regulatory landscape of CTP develop-
ment in the following sections. Although there are no available

Q. Are non-clinical evaluations (pharmacology,
CKBD, and safety) needed prior to starting
clinical trials in your country/region?

Q. Please describe the type of studies (e.g., in
vitro, in vivo, ex vivo) needed.

Q. Should the studies be conducted according
to GLP?

Q. How many animal species are required per
study item?

international regulatory documents for CTPs in Asia, there are
domestic regulatory guidelines regarding the non-clinical require-
ments of CTP development (Table 2). The optimal strategy for non-
clinical assessment is known to depend on the unique properties and
risk profiles of each CTP and intended recipient.

Regulation in India

There are no separate guidelines for conducting non-clinical stud-
ies of CTPs in India. Instead, the guidelines are complementary to the
existing “New Drugs and Clinical Trial Rules 2019” issued by the Min-
istry of Health and Family Welfare and the “National Guidelines of
Stem Cell Research 2017” issued by the Indian Council of Medical
Research and Department of Biotechnology [17,18].

The minimum non-clinical studies to be completed before con-
ducting clinical trials with CTPs will be discussed here. All non-clini-
cal safety and efficacy studies for assessing CTPs are similar to those
of traditional modalities, such as biologics (i.e., single- and repeated-
dose toxicity studies, genotoxicity, immunogenicity and prenatal
development toxicity studies), in addition to tumorigenicity studies.
Safety studies include toxicity studies (acute and subchronic single-
and repeated-dose toxicity studies) in rodents and non-rodents. Dos-
ages can be a single dose of up to 20 times the therapeutic dose (TD)
planned for humans for acute toxicity studies or repeated doses if the
CTP is planned for use as multiple doses. The studies are to be per-
formed using the same route of administration (ROA) as that
intended for humans. In addition, unless the intended ROA is only
intravenous, at least one more ROA should be tested to ensure sys-
temic absorption of the drug. Animals should be observed for 14 days
after CTP administration, and the minimum lethal dose and maxi-
mum tolerated dose (MTD) should be established. Based on the data
of the acute toxicity studies, dosing for the subchronic studies can be
determined, which can be low (1 x TD), mid (5 x TD) or high (10 or
20 x TD) doses. For tumorigenicity studies, doses to be tested should

Q. Which animal species and models are
required for each study type?

Q. What is the dosage to be tested and how
many dosage groups should be set per study?

Q. Please describe the administration route,
dosing regimen, and items to be measured in
nonclinical studies.

Q. How long must the observational period be
per study?

Fig. 2. Questionnaire on the necessary non-clinical assessments for INDs. Shown is a summary of the common questions asked regarding pharmacology, CK and BD studies and
safety tests for CTPs. Refer to Table 3 and supplementary Table 1 for more details regarding the questions and answers.
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Table 2
List of local regulatory guidelines regarding CTPs.
Respondent  Guideline Reference
India 1. Draft Guidelines of Stem Cells and Cell-Based Product (2013, CDSCO) [49]
2. National Guidelines of Stem Cell Research (2017, ICMR) [17]
3. New Drug and Clinical Trial Rules (2019, CDSCO) [18]
China 1. Guidance on CMC and Preclinical Study of Stem Cell (2015, NMPA) [19]
2. Guidance on Cell Therapy Products Study and Evaluation (draft) (2017, CDE) [20]
3. Draft Technical Guidelines for Clinical Trials of Human-Derived Stem Cells and Cell Therapy Products (2020, CDE) [50]
Korea 1. Guideline in Quality, Non-Clinical and Clinical Assessment of Stem Cell Therapy Product (2014, MFDS) [24]
2. Considerations in Immunotoxicity Assessment of Allogenic Stem Cell Therapy Product (2014, MFDS) [25]
3. Considerations in Tumorigenicity Assessment of Stem Cell Therapy Product (2014, MFDS) [28]
4. Considerations in Biodistribution Assessment of Stem Cell Therapy Product (2014, MFDS) [29]
5. Guidance on Non-Clinical Assessment of Gene Therapies (2017, MFDS) [23]
6. Advanced Regenerative Medicine and Advanced Biopharmaceuticals Safety and Support Act (2020, MFDS) [22]
Taiwan 1. Guidance on Investigational Cell Therapy Products (2020, TFDA) [30]
Japan 2. Guidelines on Ensuring the Quality and Safety of Pharmaceuticals and Medical Devices Derived from the Processing of Autologous Human Cell/  [31]
Tissue (2008, MHLW)
3. Guidelines on Ensuring the Quality and Safety of Pharmaceuticals and Medical Devices Derived from the Processing of Allogeneic Human Cell/ [32]
Tissue (2008, MHLW)
4. Guidelines on Ensuring the Quality and Safety of Pharmaceuticals and Medical Devices Derived from the Processing of Autologous Human [33,38]
Somatic Stem Cells (2012, MHLW)
5. Guidelines on Ensuring the Quality and Safety of Pharmaceuticals and Medical Devices Derived from the Processing of Allogeneic Human [34,39]
Somatic Stem Cells (2012, MHLW)
6. Guidelines on Ensuring the Quality and Safety of Pharmaceuticals and Medical Devices Derived from the Processing of Autologous Human [35,40]
Induced Pluripotent Stem (-Like) Cells (2012, MHLW)
7. Guidelines on Ensuring the Quality and Safety of Pharmaceuticals and Medical Devices Derived from the Processing of Allogeneic Human [36,41]
Induced Pluripotent Stem (-Like) Cells (2012, MHLW)
8. Guidelines on Ensuring the Quality and Safety of Pharmaceuticals and Medical Devices Derived from the Processing of Human Embryonic Stem [37,42]
Cells (2012, MHLW)
9. Technical Guidance on the implementation of the Quality, Non-Clinical and Clinical Study of Regenerative Medicine (Products Derived From [43]
the Processing of Human Cells) (2016, MHLW)
10. Guidelines on the Detection of Undifferentiated Pluripotent Stem Cells and Transformed Cells, Tumorigenicity Tests and Genetic Stability [44]

Evaluation on Human Cell Processed Products (2019, MHLW)

CDE, Center for Drug Evaluation; CDSCO, Central Drugs Standard Control Organization; ICMR, Indian Council of Medical Research; MFDS, Ministry of Food and Drug Safety; MHLW,
Ministry of Health, Labour and Welfare; NMPA, National Medical Products Administration; TFDA, Taiwan Food and Drug Administration.

be similar to those of the toxicity studies and should include a posi-
tive control.

For testing non-clinical efficacy in animal models, the selected
models should match the human disease and disease phenotype. The
endpoints should match the clinical outcomes and demonstrate a
mechanism of the treatment effect. Large animal models, such as
non-human primates (NHPs), may be used when necessary. Further
CK and BD studies of stem cells should be conducted using the
intended ROA. Studies such as prenatal development toxicity studies
may be required depending on the nature of the product and the pro-
posed indication. Stem cells used for non-clinical studies should be
well characterized, similar to those to be used in clinical trials, and
manufactured in a Central Drugs Standard Control Organization-
approved manufacturing facility.

Regulation in China

In China, the regulatory guidelines are covered by two docu-
ments: “Guidance for the Research and Evaluation of Cell Therapy
Products (Trial Implementation)” issued by the Center for Drug Eval-
uation and National Medical Products Administration in 2017 and
“Guidance for the Quality Control and Preclinical Research of Stem
Cell-Based Medicinal Products (Trial Implementation)” issued in
2015 [19,20]. The latter involves specific guidelines for stem cell-
based medicinal products, whereas the former is all-encompassing,
covering test article requirements and analysis, pharmacology, non-
clinical and clinical studies and risk mitigation strategies. As most
guidelines in the 2015 document are covered in the 2017 document,
the authors will mainly focus on the 2017 document while highlight-
ing guidelines that are unique in the other. The non-clinical section
of the 2017 document covers the test articles (i.e., requirements,
analysis and mode of administration), pharmacokinetics (PKs)/phar-
macodynamics (PDs) (i.e., implanted cell distribution, migration,

homing and differentiation) and safety evaluation (i.e., safety phar-
macology, single and repeated dose, immunogenicity, tumorigenicity,
genotoxicity and reproductive toxicity).

Regarding the test articles, the guidelines stress the importance of
using the same CTPs intended for clinical trials. The production pro-
cess and quality control of the test articles used for non-clinical stud-
ies should be consistent with those intended for clinical trials, with
explanations and predictions of potential clinical responses for any
discrepancies. Cells of animal origin can be used as substitutes, but
the procurement/production procedures and quality must be as simi-
lar as possible. In case the test article requires further processing
before administration, quality control should be conducted.

The guidelines suggest aspects to consider when selecting appro-
priate animal species in non-clinical studies. For example, the animal
species of choice should be anatomically similar or comparable to
humans. Immunosuppressed or deficient animals and animal models
of disease can be used with justification. The guidelines recognize the
lack of scientific consensus in animal model selection for tumorige-
nicity studies. As for test article administration, the guidelines recom-
mend using a similar administration method as the intended clinical
application.

The guidelines further recommend the use of both in vitro and
in vivo platforms for PD studies. In addition, the MOA, ROA and disease
length should be considered. For PK and repeated-dose toxicity stud-
ies, animals of both sexes should be considered. Studies should focus
on in vivo proliferation, distribution, migration and differentiation of
target cells; the expression/secretion of biomolecules; and interactions
with host tissues. The distribution and duration of CTPs are key factors
affecting efficacy and safety. Thus, the guidelines stipulate that the
length of single-dose toxicity studies should sufficiently cover the sur-
vival time of the implanted cells and their effects. The immunogenicity
of CTPs and their secreted factors also need to be assessed. Moreover,
the tumorigenicity risk of CTPs may vary depending on cell type,
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differentiation status, culture method used during manufacturing,
gene modification, etc. It is thus recommended to select a suitable ani-
mal model, a suitable number of cells, a reasonable implantation route
and a sufficiently long observation period to effectively evaluate CTP
tumorigenicity. Given that effective evaluation of tumorigenicity
requires long-term survival of the CTP in vivo, immunodeficient ani-
mals can be used for tumorigenicity studies.

Other toxicity studies and safety considerations recommended by
the guidelines include, but are not limited to, (i) assessment of local
tolerance of the CTPs and their secreted products, (ii) assessment of
reproductive toxicity and (iii) assessment of genotoxicity. Genotoxic-
ity should be carefully evaluated if the CTPs or their secretions
directly or indirectly interact with the DNA of the recipient. For
genetically modified CTPs, the risk of oncogenic activity caused by
insertion mutations or residual gene-modifying vectors capable of
replication must be evaluated.

The guidelines recognize the diversity of CTPs and recommend
that non-clinical studies be designed specifically for each product
based on the pharmacological and PK attributes as well as clinical
application considerations. The document further refers to ICH S6
(R1), “Preclinical Safety Evaluation of Biotechnology-Derived Phar-
maceuticals,” as supplemental guidance [21].

Regulation in Korea

Korea recently enforced the “Advanced Regenerative Medicine
and Advanced Biopharmaceuticals Safety and Support Act” in August
2020 [22]. The act regulates the overall processes and requirements
for the approval and execution of clinical research/trials of cell and
gene therapies. However, non-clinical studies of these advanced ther-
apies, including non-clinical data on general toxicology, immunoge-
nicity, tumorigenicity, efficacy, BD and pharmacology, are still
regulated by the “Regulation on Review and Authorization of Biologi-
cal Products” and “Enforcement Rule on Safety of Pharmaceuticals”
under the Pharmaceutical Affairs Act.

Toxicological data must be submitted for the examination of
safety, validity, standards and testing methods in accordance with
the “Enforcement Rule of Safety of Pharmaceuticals.” Non-clinical
toxicity testing should be conducted to predict toxic reactions in
humans, determine the range of safe doses in clinical trials and iden-
tify target organs and monitor factors that can become toxic in
patients. The toxicological data should also be tested according to
good laboratory practice (GLP).

The Ministry of Food and Drug Safety, the regulatory authority in
Korea, has published additional guidelines on gene therapy and stem
cell therapy under the Pharmaceutical Affairs Act. The “Guideline on
Non-Clinical Assessment of Gene Therapy,” published in December
2017, deals with basic principles and considerations regarding toxicol-
ogy as well as pharmacology studies of in vivo and ex vivo gene therapies
according to the different vector constructs [23]. The guidelines empha-
size that an animal model and ROA with reasonable clinical relevance
should be used to determine MOA, toxicology and therapeutic efficacy
of the gene therapy. They also recommend using more than one animal
model or a humanized animal model if available and to consider the in
vivo behavior as well as the effects of all vector components in the study
design and assays. Particular emphasis should be placed on genotoxic-
ity, reproductive/developmental toxicity and tumorigenicity for toxicol-
ogy studies as well as absorption, distribution, metabolism and
excretion; BD; and virus shedding for pharmacology studies.

There are four additional guidelines for stem cell therapy. The
“Guideline in Quality, Non-Clinical and Clinical Assessment of Stem Cell
Therapy Product,” published in December 2014, describes the overall
requirements for non-clinical studies of stem cell therapies in consider-
ation of the uncontrolled and unlimited proliferation ability of undiffer-
entiated stem cells in vivo [24]. The basic principles for the non-clinical
assessment of stem cell products are similar as those for gene therapy

mentioned earlier, with additional considerations, such as trans-
plant—host interactions in a specific niche, differentiation, allogeneic
immunogenicity, persistence and tumorigenicity in vivo.

The Ministry of Food and Drug Safety provides guidelines for
designing an immunotoxicity study of stem cell therapy in “Consider-
ations in Immunotoxicity Assessment of Allogenic Stem Cell Therapy
Product,” published in September 2014 [25]. The guidelines are con-
cerned with host immune responses against allogeneic stem cells in
general. They also highlight the potential immunotoxicity of MSCs in
association with unintended excessive immunosuppression by over-
dosing as well as immune-boosting effects resulting from changes in
HLA expression at the inflammation area or sensitization via repeated
administration [26,27].

“Considerations in Tumorigenicity Assessment of Stem Cell Ther-
apy Product,” published in September 2014, should be referred to
when designing a tumorigenicity study of a stem cell therapy [28].
These guidelines recommend performing a tumorigenicity study in
vivo for stem cells or any cell types/products with a potential risk of
tumor formation while considering cell types and their differentia-
tion profile, gene expression patterns, genomic stability, target tis-
sues and patient groups. Immunocompromised or deficient animals
are recommended, whereas humanized rodent models, disease mod-
els or the use of immunosuppressants is also accepted alone or in
combination if available or unavoidable. ROA, dose and frequency
should follow those of clinical settings. For cell-based therapies, the
MFD should be included. When a suitable protocol is unavailable, the
use of large animals or alternative ROA can be considered with scien-
tific evidence and validation data. Appropriate negative and positive
control groups should be included in the study design. Tumor cells or
undifferentiated stem cells relevant to the target therapy are recom-
mended as positive controls, and the acceptance criteria should be
provided. The observation period should depend on the stem cell
characteristics, and a sufficiently long follow-up period (e.g., >6
months) is recommended.

For testing non-clinical efficacy, PDs and PKs of stem cell ther-
apy, “Considerations in Biodistribution Assessment of Stem Cell
Therapy Product,” published in September 2014, can be referred to
in addition to the regulations and rules mentioned earlier [29].
Both in vitro and in vivonon-clinical efficacy studies are recom-
mended, and the data should provide evidence to confirm (i) the
range of pharmacological activity by establishing an optimal dose
and minimal effective dose, (ii) the optimal drug ROA for clinical
studies and (iii) the dosing schedule for early-phase clinical stud-
ies. Although standalone safety pharmacology studies are not
required for most advanced biopharmaceuticals, they can be con-
ducted in accordance with the pharmacology standard for pharma-
ceuticals when needed to determine MOA. Specific concerns
regarding the study design include the following: (i) animal dis-
ease models should be used to assess the BD of stem cells if avail-
able (otherwise, immunocompromised, immunodeficient or
humanized rodents can be used); (ii) a sufficient number of experi-
mental animals should be used to assess the sensitivity of testing
materials, testing methods and variation of animals; (iii) ROA
should reflect clinical ROA, but when technically unavailable, other
ROAs are acceptable with a scientific rationale; (iv) dosage and fre-
quency should reflect the clinical trial design; (v) the observation
period should last at least until the product is not detected in the
assay; and (vi) when determining the observation period, the
engraftment, growth and differentiation of cells should be consid-
ered, as they can vary depending on stem cell type.

Regulation in Taiwan
The Taiwan Food and Drug Administration issued the newly

amended “Guidance on Investigational Cell Therapy Products” in
May 2020, which includes the latest guidelines for non-clinical
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assessment of CTPs. Pharmacology, safety pharmacology, CKs, migra-
tion and persistence, toxicology and GLP are addressed [30].

Primary PD testing should be performed in appropriate disease
models for the target clinical indication. In vitro studies of cell charac-
teristics and functions are recommended if appropriate disease mod-
els are not available. The lowest or optimal effective dosage should
also be explored. Secondary PD testing to assess unexpected pharma-
cological effects due to cell BD in non-targeted organs or the secre-
tion of non-targeted bioactive factors is also addressed in the
guidelines. Whether the CTP will be considered for safety pharmacol-
ogy studies is determined on a case-by-case basis with the authority.

The guidelines highlight that PK absorption, distribution, metabo-
lism and excretion studies for small-molecule drugs may not be suit-
able for CTPs. In this case, the investigator is recommended to assess
the in vivo characteristics of the CTPs in terms of BD, viability, persis-
tence and trafficking. Small animal models are considered appropri-
ate for this purpose.

The requirements for toxicology studies of CTPs are also deter-
mined on a case-by-case basis, taking into consideration the
manufacturing and characteristics of the CTPs, combination therapy,
immunogenicity and immunotoxicity. In general, toxicology studies
include general toxicity and local tolerance tests, and the dosing regi-
men should reflect the design of the clinical application. The suitabil-
ity of the animal model for toxicology tests should also be
considered. A single-dose toxicology study is generally sufficient;
however, repeated-dose toxicology studies should be performed if
the clinical application requires repeated doses. If required, local tol-
erance of the CTPs can be investigated along with the aforementioned
general toxicity studies.

Tumorigenicity studies should be considered for stem cell prod-
ucts. Cells at the same passage (or beyond) as the defined CTP should
be used for tumorigenicity studies. If, after discussion with the health
authorities, it is determined that there are considerable findings dur-
ing BD studies of the CTPs, further attention should be directed to
specific organs or tissues.

Genotoxicity studies are generally not required unless there are
concerns regarding direct interactions between CTP-secreted bioac-
tive factors and DNA. Moreover, requirements for reproductive stud-
ies of the CTP will be considered on a case-by-case basis. For
allogeneic CTPs, immunogenicity and immunotoxicity studies should
be performed. In addition to the aforementioned guidelines, safety
pharmacology and toxicology studies should be performed in compli-
ance with GLP.

Regulation in Japan

To ensure the quality and safety of pharmaceuticals and medical
devices derived from the processing of human cells of different autol-
ogous and allogeneic origin, seven notifications were issued by the
Ministry of Health, Labour and Welfare (MHLW) in 2008 and 2012
[31-42]. The necessary non-clinical assessments prior to conducting
clinical trials are briefly summarized as follows.

Regarding pharmacology studies, the guidelines state that
potency testing should be performed to demonstrate functional
expression, sustainability of effects and/or anticipated clinical efficacy
(proof-of-concept). If animal disease models of the target indication
are available for use, they should be utilized for assessing potential
therapeutic efficacy. Notably, pharmacology studies can be waived
before starting clinical studies if a significant efficacy superiority
compared with that of other therapies can be justified based on the
scientific literature. As for CK and BD studies, in vivo studies should
be conducted to predict the characteristics in humans in terms of the
survival period of the administered cells, efficacy duration, cell locali-
zation throughout the body and ROA validity.

The basic approach to the non-clinical safety evaluation of human
CTPs is outlined in seven notifications [31-42], which state that

relevant animal tests and/or in vitro tests should be performed to
address safety concerns of the CTPs to the extent that they are scien-
tifically reasonable and technically possible. Additionally, to clarify
the safety assessment of CTPs, detailed technical guidelines for non-
clinical safety evaluation, including general toxicity and tumorigenic-
ity, were issued in 2016 [43]. The MHLW requires flexibly and ratio-
nally designed studies that consider the product characteristics on a
case-by-case basis. Animal studies have scientific limitations in eval-
uating products of human origin and do not always yield meaningful
results. In addition, manufacturing processes and cell sources of each
product (e.g., embryonic stem cells, iPSCs, somatic stem cells and
somatic cells) vary widely depending on product type. Generally,
conducting quantitative risk assessment for CTPs is difficult; there-
fore, it is important to identify the hazards of the product as a poten-
tial safety concern, which can possibly be observed in vivo.
Tumorigenic potential of the CTPs should also be assessed by consid-
ering the cell types and characteristics. For CTPs derived from plurip-
otent stem cells, their potential risk for malignant transformation or
teratoma formation should be evaluated in tumorigenicity studies.
Assessment is required for determining tumorigenicity of the raw
material in CTPs as part of the quality characteristics and quality con-
trol tests, contamination of undifferentiated cells in the intermediate
or final product and tumorigenicity potential of the final product at
the human engraftment site. By contrast, according to the guidelines
for tumorigenicity published in 2019 [44], in vivo tumorigenicity
studies are not always necessary for CTPs derived from bone mar-
row-derived MSCs or somatic cells because the risk of tumorigenicity
is confirmed to be low, especially for CTPs derived from somatic cells.

Questionnaire Answers Regarding Virtual MSC-Derived CTPs

The questionnaire was filled in according to local regulatory
guidelines and development experiences. A high-level summary of
answers regarding virtual MSC-derived CTPs is listed in Table 3, and
details are included in supplementary Table 1. The authors further
investigated where answers were inconsistent to understand the dif-
ferent rationales of the respondents regarding non-clinical assess-
ment for entering clinical trials. For virtual iPSC-derived CTPs, there
were plenty of unclarified answers due to lack of regulatory guide-
lines and less experience, except for the respondents in Japan (data
not shown). Therefore, the difference between MSCs and iPSCs is
mainly focused on Japan.

Points to Consider Before Clinical Application: Insights From the
Questionnaire

While investigating what is necessary and how assessments are
done (e.g., to conduct the non-clinical studies), the authors were able
to identify the differences that stemmed from different viewpoints
across Asia. The authors were able to pinpoint different rationales
regarding aspects of pharmacology, CK and BD studies, general toxi-
cology and tumorigenicity (Figure 3), which will be described in the
following sections. Moreover, considerations regarding virtual iPSC-
derived CTPs are suggested where relevant.

Pharmacology

In the real-world evaluation of CTPs, the required test items for
non-clinical pharmacology studies differ depending on the product
profile and clinical indication. In this case study, the authors con-
ducted a survey of virtual CTPs with a well-defined product profile to
avoid the complexities arising as a result of profile-dependent varia-
bilities, which would hinder interpretation of the questionnaire.

The answers prepared by each respondent generally agreed with
regard to most parts of the questionnaire. Regarding the quality
assurance of non-clinical pharmacology studies, all respondents
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Table 3

High-level summary extracted from questionnaire answers by each respondent regarding virtual MSC-derived CTPs.

Question

Main findings

Q: Are non-clinical evaluations (pharmacology, CK and BD studies and safety)
needed prior to starting clinical trials in your country/region?
Q: Please describe the type of studies (e.g., in vitro, in vivo, ex vivo) needed.

Q: Should the studies be conducted according to GLP?

Q: How many animal species are required per study item?

Q: Which animal species and models are required for each study type?

Q: What is the dosage to be tested and how many dose groups should be set per
study?

Q: Please describe the administration route, dosing regimen and items to be
assessed in non-clinical studies.

Q: How long must the observational period be per study?

o All respondents answered yes.

All respondents had similar answers except with regard to the tumorigenicity

study, for which Japan did not use an in vivo study.

Compliance with GLP is not required to conduct pharmacology and CK and BD

studies for CTPs but is required for safety assessments in most countries/

regions.

One species of rodents (mice or rats) is accepted in most cases, but large animals

are also considered for use as a second animal species in China.

The use of non-rodents (mainly rabbits) is also required for safety assessment in

India.

Disease model is preferred to conduct pharmacology study.

For safety studies, immunodeficient mice or rats are used in Korea and Japan. By

contrast, normal animals are used in India, China and Taiwan.

All respondents, with the exception of those in Japan, considered it necessary to

set two or three dose groups, with the highest dose at the MTD or MFD, for

pharmacology and safety assessment.

ROA corresponding to the clinical plan was recommended by all respondents. In

addition, systemic administration (intravenous and intramuscular) in India and

intravenous administration in China are required for safety assessment even if

ROA is intra-articular.

Respondents in India, Korea and Taiwan stated that a dosing regimen similar to

clinical application is highly preferable.

e Combined study in pharmacology and safety assessment is highly recom-
mended among the respondents in China and Taiwan.

e The respondents in India recommended performing a single-dose acute toxicity

study and repeat toxicity study for a 2-week observation period after the last dose.

The respondents in India and Korea set the observation period for chronic safety

assessment at 13 weeks after the last dose according to their guidelines.

o The respondents in India, China, Korea and Taiwan stated that the duration of

treatment in in vivo tumorigenicity study is basically around 6 months.

answered that compliance with GLP is not required, but there was a
consensus regarding adequate quality assurance. Regarding the
selection of animal species and ROA for in vivo studies, there were
some differences; some respondents required specific items to collate
robust data in addition to those commonly required by all respond-
ents. These additional items are not mandatory; however, they are
proposed based on the idea that it is necessary to clarify the product
profiles. Overall, the rationale in selecting pharmacology test items
did not appear to differ among the respondents.

Despite the small differences in test items, the authors found a
clear difference in setting dosing groups and dosages for animal
studies. To clarify the different objectives of conducting a non-clin-
ical pharmacology test, which could have caused the aforemen-
tioned differences, the authors conducted an additional
questionnaire (see supplementary Table 2) in which the respond-
ents were asked whether four objectives are mandatory for the
IND-enabling pharmacology study of CTPs. Although all respond-
ents recognized the necessity of non-clinical pharmacology tests,
some differences became apparent. The respondents in Taiwan,
Korea and Japan viewed it as mandatory to support the MOA of the
product with an in vitro study, whereas the respondents in India

Dose amount

Supporting
therapeutic
potential

Collecting
tissue samples

and China did not. There were no differences regarding the objec-
tives required by in vivo studies to support product efficacy in the
clinical setting; however, other objectives, including the endpoints
of non-clinical studies, differed. The respondents in India and
Korea tended to have similar views of both non-clinical studies for
CTPs and those for small molecules or biologics; therefore, defining
onset time and duration, dose—response relationship and optimal
dose is necessary. However, the respondents in Japan, China and
Taiwan believed there is room to simplify the endpoints—in other
words, showing the dose—response curve or defining the optimal
dose in an in vivo study, for example, is not mandatory if the
obtained non-clinical data appropriately describe the desired char-
acteristics of the product and support initiating clinical trials.
These differences are intriguing because they may reflect the dif-
ferent rationales of each local regulatory agency and not only those
of the industry.

The authors conducted another survey to clarify how each respon-
dent considers the extrapolation of cell doses from animals to
humans. The authors asked the respondents whether they translate
the optimal animal dose to humans or instead follow or refer to pre-
vious clinical studies of other products with a similar profile. All

Design of
dosing group

Necessity of in vivo
tumorigenicity
study for MSCs

Fig. 3. The main points where there were differences in perspective among the five Asian respondents.
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respondents recognized the difficulty in estimating the clinical dose
from the optimal animal dose—specifically for cellular medicine—and
preferred to refer to the clinical dose used in previous clinical trials of
similar products. Nevertheless, at the same time, the respondents in
India, Taiwan and Korea indicated that it is possible to set the clinical
dose based on the optimal animal dose. Indeed, in Korea, thorough
assessment of cell dose response and CKs is needed to support the
cell dose for clinical trials. The respondent in India pointed out the
importance of conducting dose-finding studies in humans and defin-
ing the dose response in animals.

For conventional medicine involving small molecules and biolog-
ics, clinical dose estimation using the PK/PD theory is applicable;
however, its application in CTPs is associated with several problems.
First, it is very difficult to evaluate CKs because of several methodo-
logical and technical limitations, such as species differences (includ-
ing immune rejection), product-dependent BD and detection of
surviving cells. Furthermore, for PD, it is difficult to clearly define the
mechanisms underlying therapeutic effects because of the complex
nature of cellular medicine. For example, in MSC-based medicine,
including this virtual MSC-derived CTP in which the MOA is defined
as paracrine, several secreted therapeutic molecules can be postu-
lated as effector molecules; thus, estimation of their respective con-
tribution and interaction is a big challenge even if their
concentrations can be determined. Nevertheless, the evolution of CK
technology, combined with an accumulation of clinical data regard-
ing the therapeutic functions of cells, will lead to the development of
PK/PD modeling for cellular medicine in the future.

CK and BD studies

CK and BD studies are essential for understanding the efficacy and
toxicity profiles of CTPs. Based on the properties of the virtual CTPs
and future clinical applications, the five respondents established their
own non-clinical BD study settings. Regarding the common views,
there were four main points: (i) compliance with GLP regulations is
not required to conduct BD studies for CTPs; (ii) there was common
preference for immunodeficient (immunosuppressant or immuno-
compromised) animals, as human-derived cells may induce an
immune response in the models; (iii) ROA of the non-clinical study
should correspond to the clinical plan (if intra-articular administra-
tion is assumed for the authors’ virtual MSC-derived CTP in the clinic,
then the non-clinical ROA should also be intra-articular; other ROAs,
such as intravenous ROAs, are not considered necessary unless there
is a particular concern with the CTP); and (iv) there were no differen-
ces in non-clinical BD study settings between MSC- and iPSC-derived
CTPs. Although this is beyond the authors’ focus at this time, a poten-
tial difference between the CTP types may be a longer monitoring
period requested by the regulatory agencies for iPSC-derived CTPs,
especially when virus integration is used.

In addition to the common viewpoints, the authors also identified
several differences in BD study settings among the five respondents.
One of the differences came from the question of how many animal
species are required for BD studies. Most answers stated only one
animal species, with immunodeficient mice or rats specified; how-
ever, the respondents in China included NHPs in their response. The
use of large animals remains controversial. The advantage of employ-
ing NHPs for BD studies is the physiological similarity to humans,
which provides more reliable data compared with the data achieved
with small animals regarding the distribution and duration of CTPs.
By contrast, prolonged observation times are difficult because
immune rejection facilitates clearance of CTPs from the body. From a
regulatory point of view, Food and Drug Administration and Interna-
tional Society for Stem Cell Research guidelines recommend the use
of large animals, but European Medicines Agency guidelines empha-
size the advantage of small animals while also stating the importance
of similar evaluations in large animals for BD studies [45—48].

Another difference involves the choice of tissues to be investigated
for BD studies of CTPs. Three out of five respondents have no specific
guidelines for tissue selection; thus, tissues are to be selected while tak-
ing the characteristics of the CTPs into consideration. Furthermore, there
are domestic guidelines in China and Korea regarding the specific tis-
sues to be monitored. In China, blood, heart, lung, liver, kidney, brain,
spleen and bone marrow samples as well as tissues at the local injection
site should be monitored. The site of administration and target tissue,
including brain, lung, liver, heart, spleen, testis/ovary, kidney, pancreas,
bone marrow, blood and lymph nodes, are specified in the Ministry of
Food and Drug Safety guidelines of Korea. To the authors’ knowledge,
there are currently no other guidelines on the selection of specific tis-
sues for BD studies of CTPs. It is expected that technical advances in bio-
imaging will help select the optimal tissues for performing quantitative
polymerase chain reaction with increased sensitivity.

With regard to the question of what the appropriate dosage for
non-clinical BD studies is, the authors obtained two answers: MFD or
human clinical dose. One of the reasons for supporting MFD, as stated
by the respondents in Japan, is that the dose should be consistent
with the toxicity studies. The respondents in Korea selected the
human clinical dose when the extrapolated dose from the animal
model is below the MFD. In addition, the dosage should generally be
dependent on the purpose of the BD study (e.g., to understand the
pharmacological or toxicological profiles of the CTPs).

Regarding whether single or multiple doses are better for non-clinical
BD studies, the five respondents determined the optimal dose frequency
based on the assumption that the clinical trial would be set at multiple
doses for the virtual MSC-derived CTP. The Ministry of Food and Drug
Safety guidelines in Korea recommend that the non-clinical dosage
should follow the clinical course, and thus multiple doses were selected
in this case. Some of the other respondents agreed with this idea. How-
ever, a single dose was preferred when the administration interval was
long enough and cells were cleared from the body, as the results can
allow for a simulation of CKs after multiple doses. The respondents in Tai-
wan recommended both multiple and single doses to assess cellular
properties because data from a single-dose study can first reveal the cell
characteristics without factors such as accumulation or immunological
memory responses even though the clinical setting would involve multi-
ple doses. A reasonable comment was made by the respondents in Japan,
who stated that the clinical dose should originally be planned based on
the cellular characteristics revealed in non-clinical studies and that it
does not make much sense that the clinical setting is considered first.

As a result of the survey, the authors were able to identify the spe-
cific points to be considered in non-clinical BD studies for IND sub-
mission. All answers by the five respondents appeared reasonable,
and there may even be more answers, as this is an immature field. It
is assumed that the study settings are determined on a case-by-case
basis according to the properties of the CTP candidates and that deci-
sions are implemented after discussion with the regulatory agencies.
Although it may be technically challenging to perform clinical BD
studies, non-clinical findings are very useful for evaluating the poten-
tial distribution and lifetime of CTPs in humans. It is thus expected
that non-clinical BD results will help develop an appropriate clinical
dose regimen or strategy to avoid critical toxicity in humans.

General toxicology

The design of general toxicity studies reflects the requirements of
the local regulatory agency guidelines. Generally, uniform standards
similar to those for chemically synthesized drugs are required in
India, China, Korea and Taiwan, whereas the Japanese guidelines
allow for a flexible study design based on scientific rationale in terms
of product characteristics or MOA. Survey results of general toxicity
are summarized in Table 4.

Regarding the dose selection, all respondents, with the exception of
those in Japan, considered it necessary to set two or three dose groups,
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General toxicity study designed by each respondent with regard to the virtual MSC-derived CTPs.

Respondent

General toxicity study

Immunogenicity test

India

China

1. A 2-week repeated daily IV administration study in normal rats.

* Repeated administration every day over 2 weeks via IV is required followed by additional observation period for 2 weeks.

[t may follow the clinical trial protocol (i.e., repeated administration for six times in this case).

* One dose group is acceptable.

2. Single acute IA and IV/IM administration study in both normal rats and rabbits.

© A (two animals: rats and rabbits) and both IV (two animals: rats and rabbits) and IM (two animals: rats and rabbits) studies are
required followed by 2-week observation period after a single dose.

e Multiple dose groups are set.

¢ A is mandatory, but if pharmacology study is conducted via IA route, it could be combined.

3. Single subchronic IV/IM administration study in normal rats and rabbits.

© Both IV (two animals: rats and rabbits) and IM (two animals: rats and rabbits) studies are required followed by 13-week observa-
tion period after a single dose.

e Multiple dose groups are set.

 |A route is not mandatory.

1. Repeated IA and IV administration study in relevant normal small animal model (e.g., rats) and large animal model (e.g., monkeys).

¢ |A (both small and large animals) and IV (both small and large animals) studies, with administration repeated six times to mimic
clinical setting, are required followed by 12-week observation period after the last dose.

Yes

Yes

e Multiple dose groups are set.
* Monkey model is optional but better to use.

2. Single IA and IV administration study in relevant normal small animal model (e.g., rats) and large animal model (e.g., monkeys).
 [A (both small and large animals) and IV (both small and large animals) studies are required followed by 4-week observation

period after a single dose.
* Multiple dose groups are set.
¢ Monkey model is optional but better to use.

Korea 1. Repeated IA administration study in immunodeficient rats.

Yes

* Biweekly administration for 13-week period is considered followed by 13-week observation period after the last dose.
o Multiple dose groups considering MFD are required to understand dose—response relationship.
© Repeated administration is required according to the clinical protocol regardless of BD data.

e Observation period might be shortened based on BD study.

Taiwan 1. Repeated IA administration study in normal rats.

Yes

® Repeated administration six times with 2-week intervals is required followed by 1-month observation period after the last dose.

e Multiple dose groups are set.

Japan 1. Repeated IA administration study in immunodeficient rats.

No

® Repeated administration two times once a month is considered followed by 2- or 4-week observation period after the last dose.

* One dose group is set.

 Single administration is able to be adapted to assess a reasonable hazard risk if no accumulation in the body is confirmed in CK and

BD study before the general toxicity study.

IA, intra-articular; IM, intramuscular; IV, intravenous.

with the highest dose at the MTD or MFD, to identify the MTD of the
test substance and determine the dose-dependent toxicity. Even if the
product does not show bioaccumulation in vivo, the guidelines require
a repeated-dose toxicity study for products that are intended to be
used with repeated administration in the clinic. However, the respond-
ents in Japan considered that only one dose group at the MTD or MFD
is sufficient from the point of hazard risk assessment. The Japanese
guidance is that quantitative risk assessment is difficult to apply for
CTPs because human-derived CTPs possibly induce a heterologous
immune response in animals and species differences in the biological
activity of each bioactive substance (e.g., cytokines) can arise. There-
fore, the respondents in Japan concluded that at least two dose groups
(i.e., a control group and a treatment group at the MTD or MFD) are
sufficient for confirming the product hazard risk.

Regarding the number of doses, all respondents, with the excep-
tion of those in Japan, stated that they would follow the regimen
planned for clinical use and administer the same six repeated doses
in a repeated-dose animal study. This is because their guidelines
require the number of doses to be consistent with those for clinical
use. By contrast, the respondents in Japan set two doses for confirm-
ing bioaccumulation in vivo; the rationale is that even a single dose
would be acceptable if other studies, such as BD and preliminary toxi-
cology studies, have shown no accumulation in vivo, as specified in
the Japanese guidance. Thus, a safety assessment should be con-
ducted in which as many CTPs as possible are administered while
considering that the toxicity will not be exacerbated unless the CTPs
show accumulation in vivo. The respondents in Japan assumed that
this virtual product would show no accumulation in vivo and there-
fore judged that the two doses were enough for assessment.

Regarding dosing, frequency and study period, the respondents in
Japan answered that administration frequency should be monthly, similar
to the clinical dosing frequency, and set an observation period of 14 days
to 1 month after the second administration, with a total study period of
1.5—2 months. The Japanese guidance mentions that a minimum observa-
tion period of 14 days is sufficient to evaluate systemic toxicity of CTPs
because of the limitations of safety evaluation in which a xenogeneic
immune response occurs. However, if there is a specific safety concern
associated with the MOA of the product, an appropriate observation
period based on the results of a pharmacology assessment should be set.
The respondents in China and Taiwan answered that chronic toxicity
should be assessed alongside a pharmacology study and that the study
period would be determined in consideration of safety concerns arising
from the MOA and duration of the product remaining in the body. The
respondents in both Korea and India determined a 13-week observation
period, which is the standard observation period stated in their guidelines;
this period can be shortened in Korea depending on the BD study results.

In addition to repeated-dose toxicity studies, the guidelines in
India require a single-dose acute toxicity study to be performed in
normal rats and rabbits, respectively, with an observation period of
14 days. For Taiwan, a study employing normal rats is mandatory to
confirm the response of normal animals to human-derived CTPs for
acute toxicity assessment.

Tumorigenicity
Tumorigenicity assessment of MSC-derived CTPs

For tumorigenicity risk assessment of MSC-derived CTPs, a critical
difference appeared between the respondents in Japan and the others
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regarding the necessity of in vivo studies. Although all respondents,
with the exception of those in Japan, mandated both in vitro and in
vitro studies, the respondents in Japan set only an in vitro study for
tumorigenicity assessment. In previous clinical experiences with
MSC-derived CTPs in Japan, tumor formation has not been reported,
and it is believed that the proliferation activity of MSCs is lower than
that seen with iPSC-derived products. Therefore, the respondents in
Japan consider in vitro studies adequate for confirming the absence of
tumorigenic cell contamination of the final products and for deter-
mining cell growth characteristics in tumorigenicity assessment. For
the other respondents, the tumorigenicity of MSC-derived CTPs is
recognized to be low, but the guidelines, including draft guidelines,
require in vivo tumorigenicity studies.

For in vitro studies, karyotyping and/or soft agar colony formation
studies were required. For all respondents, with the exception of those
in China, non-GLP grades are acceptable for the studies. In addition, for
in vivo studies, all respondents, with the exception of those in India,
required that the studies be conducted according to GLP standards.
Regarding animal species, immunocompromised mice or rats are
required, and for Korea, the use of an animal disease model is also rec-
ommended if applicable. Although selecting the dosage and determin-
ing the highest dose, such as MFD, MTD or >10 times the clinical dose,
differed among the respondents, setting multiple dose groups was a
common response. In terms of detecting a tumorigenic hazard, assess-
ment of only one dose group administered the MFD or MTD is sufficient
in Japan, whereas evaluation of multiple dose groups is required in the
other countries/regions. For the respondents who required in vivo stud-
ies, a positive control dose group is necessary to confirm establishment
of the study condition. Details regarding the positive control are dis-
cussed in the following section. The respondents in Korea, Taiwan and
India described that the observation period was set at 6 months,
whereas the respondents in China answered that it was dependent on
the characteristics of MSC-derived CTPs and clinical indications. The
respondents in Korea also indicated that it is possible to shorten the
observation period in cases with a shorter residual period of MSC-
derived CTPs in the body. The respondents in Taiwan considered 6
months a sufficient evaluation period, as it covers one-fourth to one-
half of the lifetime of the model animals and >6 months would increase
the risk of spontaneous tumor formation. The guidelines in India specify
an observation period of 6 months.

Tumorigenicity assessment of iPSC-derived CTPs

When introduced in their pluripotent state, iPSCs are intrinsically
tumorigenic and form teratomas in immunodeficient animals. There-
fore, contamination with undifferentiated iPSCs is considered a major
tumorigenicity risk of iPSC-derived CTPs. Indeed, most of the respond-
ents (India, Korea, Taiwan and Japan) recognized that in vitro assess-
ment of residual undifferentiated iPSCs was needed for the virtual iPSC-
derived CTPs. However, this questionnaire did not include further
details regarding which types of assays are generally considered for
residual undifferentiated iPSC assessment; for instance, polymerase
chain reaction-based and/or culture-based assays are generally con-
ducted in Japan [40]. Regarding other in vitro tumorigenicity assays, the
respondents in India, Taiwan and Japan selected karyotyping, as virtual
iPSC-derived CTPs are blood cell-derived floating cells; however, soft
agar colony formation assay, a common tumorigenicity assay required
by almost all respondents to detect anchorage-independent growth for
MSC-derived CTPs, was not chosen for this setting. By contrast, the
respondents in Korea and China selected both karyotyping and soft agar
colony formation assay for in vitro tumorigenicity assessment.

A Japanese guidance issued by the MHLW in 2016 [43] indicates that
the tumorigenicity concern regarding iPSC-derived CTPs is higher than
that for somatic stem cells or somatic cell-derived CTPs; this is because
of the genomic instability risk resulting from the high extent of manipu-
lation during the reprogramming process and the teratoma formation
risk from residual undifferentiated iPSCs, as previously described.

Therefore, in contrast to MSC-derived CTPs, all respondents, including
those in Japan, considered in vivo tumorigenicity studies necessary. The
duration of the observation period proposed by the respondents in
India, China, Korea and Taiwan was 6 months, which was the same as
that proposed for virtual MSC-derived CTPs; however, the respondents
in Japan took into consideration the high tumorigenicity risk of iPSC-
derived CTPs and set a longer observation period that covered the life
span of the animal and/or the time needed until the administered cells
disappeared from the body. In terms of the dose, multiple doses are
required by all respondents, other than those in Japan, even though the
MFD/MTD is considered less than the absolute cell number of clinical
doses (1 x 10° cells/body). This is because the equivalent human dose
can be converted based on the body weight or tissue volume/area of tar-
get tissues for CTPs in India, Korea and Taiwan. In addition, one dose
level of MFD/MTD is considered sufficient in Japan because non-clinical
studies of CTPs are generally conducted for hazard assessment. Another
difference between the respondents in Japan and the others was the
necessity of a positive control group in in vivo tumorigenicity studies. As
noted earlier for MSC-derived CTPs, all respondents, with the exception
of those in Japan, required a positive control group for in vivo tumorige-
nicity studies to confirm validity of the study design. However, the
respondents in Japan considered in vivo tumorigenicity studies using
immunodeficient animals an established study design, and thus a posi-
tive control group is not mandatory. Another reason the respondents in
Japan indicated for not requiring a positive control group is the difficulty
in choosing appropriate positive control cells based on the CTPs. Ideally,
positive control cells should reflect the characteristics of the CTPs as
much as possible. Furthermore, control cells are required to be readily
available, well characterized and of consistent quality. The respondents
in Japan recommend tumor cell lines with similar origins or product
characteristics as positive controls. By contrast, the respondents in India,
China and Taiwan accept any type of cancer cells that are confirmed to
form tumors with a high incidence under the conditions of the study.

Immunogenicity

In Korea, immunogenicity concerns should be addressed for allo-
geneic MSC-based therapies via in vitro and in vivo experimental evi-
dence. Characterization of immune properties by HLA typing and
allogeneic mixed lymphocyte reaction is recommended for in vitro
studies. Animal disease models reflecting the clinical settings are rec-
ommended for in vivo studies, which can be combined with general
toxicity studies. If available, animals with reduced xenogeneic
immune reactions or analogous animal cells with characteristics sim-
ilar to the target human cells should be considered. In China, immu-
nogenicity should be evaluated for allogeneic CTPs through in vitro
and in vivo animal studies, which includes assessing the effects on
different immune cell subtypes and related cytokines. For embryonic
stem cells and iPSC-derived CTPs, donor HLA antigens are re-
expressed after differentiation in vitro, and thus the risk of immune
rejection needs to be carefully evaluated.

Discussion

The importance of gathering and sharing data among countries/
regions has been emphasized multiple times and identified as a
requirement for the successful development of safe and effective
cell-based therapies. Generally, non-clinical assessment is designed
on a case-by-case basis according to the nature of the CTPs. Here the
authors used two virtual CTPs (MSC- and iPSC-derived) and were
able to identify the different perspectives of five Asian countries/
regions (India, China, Korea, Taiwan and Japan) in terms of setting
the non-clinical assessments required before the products can enter
clinical trials. Through this survey, the regulatory landscape and vary-
ing levels of development experience of each participating respon-
dent were found to affect the non-clinical data package and study
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Fig. 4. Proposals for harmonizing and optimizing the regulations in Asia. To better share regulatory and scientific information across borders, the contribution of many players is
necessary for an optimal development strategy for regenerative medicine products. CAR-T, chimeric antigen receptor T-cell; EU, European Union.

design for ensuring safety and efficacy in humans. Thus, the authors’
findings help us understand the specific case-by-case strategies
adopted by the local regulatory agencies and can help optimize regu-
latory science in Asia by sharing information regarding the non-clini-
cal evaluation necessary for human CTPs.

However, the characteristics of the virtual CTPs in this survey are
only limited examples. The expertise of APACRM WG is also limited to
non-clinical assessments. In the future, considering virtual products of
other regenerative medicine modalities (e.g., chimeric antigen receptor
T-cell and gene therapy) as well as multiple aspects (e.g., quality control,
clinical trial assessment or post-marketing strategies) can be valuable.
The authors also allow the open access to APACRM information for
Malaysia, Thailand and other East Asian countries so that they have their
interest to this activity. The authors are looking forward to the future
participation of these countries. Ideally, collaboration with the indus-
tries of other countries (e.g., the US and European Union), and not just
the ones included here, would improve our understanding of what is
needed for non-clinical assessment beyond Asia.

Sharing knowledge and collating data based on both the industry
and the regulatory authority will enable us to rapidly deliver CTPs to
more patients and achieve market maximization of CTPs in Asia.
Therefore, the authors suggest creating an open platform (e.g., work-
shops and annual conferences) for discussing regulatory science mat-
ters with the relevant regulatory agencies. Continuous discussions
with health authority regulators and sponsors in Asia are indispens-
able for facilitating advancement of CTP development. To this end,
the authors hope that the environment of harmonization is cultivated
among regulatory agencies via the sharing of experiences with prod-
ucts under development and the exchange of opinions regarding the
regulatory guidelines of each country/region. Moreover, a more pro-
active contribution to regulatory science (e.g., the necessity of new
guidelines) regarding regenerative medicine products will help regu-
latory harmonization and optimization in Asia. The authors’ pro-
posals are conceptually described in Figure 4.
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