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Abstract

Stem cell therapies have emerged as a promising approach in regenerative medicine, demonstrating potential

in personalized medicine, disease modeling, and drug discovery. Therapies based on induced pluripotent stem cells
(iPSCs) particularly stand out for their ability to differentiate into various cell types while avoiding ethical concerns.
However, the development and application of these therapies are influenced by varying regulatory frameworks
across countries. This study provides a comparative analysis of regulations and research on stem cell therapies in key
regions: The European Union (EU), Switzerland, South Korea, Japan, and the United States. First, the study reviews
the regulatory frameworks on stem cell therapies. The EU and Switzerland maintain rigorous guidelines that prioritize
safety and ethical considerations, which can hinder innovation. In contrast, the United States adopts a more flexible
regulatory stance, facilitating the rapid development of stem cell therapies. South Korea and Japan take a balanced
approach by incorporating practices from both regimes. These regulatory differences reflect each country’s unique
priorities and impact the pace and scope of stem cell therapy development. Moreover, the study examines global
trends in clinical trials on stem cell treatments based on data obtained from two sources: ClinicalTrials.gov and ICTRP.
Findings indicate a significant growth in the number of clinical trials since 2008, particularly in that involving iPSCs.
Therapeutic studies involving iPSCs predominantly target conditions affecting the cardiovascular and nervous sys-
tems which are considered vital. The results put emphasis on the safety of stem cell treatments. Meanwhile, the num-
ber of such trials also varies by country. The United States and Japan, where relatively flexible guidelines on stem cell
research are adopted, are in a leading position. However, countries in the EU fall behind with rigorous regulations
imposed. This reflects the need for more flexible regulatory guidance for active development of stem cell therapies.
The findings underscore the importance of legal frameworks in facilitating innovation while ensuring safety. Regu-
latory agencies in different countries should collaborate to achieve a balanced global standard to ensure the safe
and efficient advancement of stem cell therapies. Global regulatory convergence will promote international collabo-
ration in research and the applicability of new treatments.
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Background

Stem cells are characterized by their ability to undergo
self-renewal and differentiate into a multitude of cell
lineages [1, 2]. Recently, therapies based on stem cells
have demonstrated potential in treating chronic dis-
eases as well as severe tissue impairments [3]. Owing to
their plasticity, unlimited potential for replication, and
ease of genetic modification, stem cell therapies have
been revolutionary in managing human illnesses pre-
viously considered difficult to treat with conventional
methods [4].

In general, stem cells are classified into three major
categories: adult stem cells, embryonic stem cells
(ESCs), and induced pluripotent stem cells (iPSCs).
Adult stem cells are multipotent and can differentiate
into a limited range of specific cell types. In contrast,
ESCs and iPSCs are pluripotent, exhibiting the capacity
to differentiate into any cell or tissue type.

ESCs have been a subject of considerable interest
since the first discovery of stem cells in the 1960s. The
study of ESCs has provided a deeper understanding of
the processes governing cell reproduction and differ-
entiation. Especially, ESC treatment has been promis-
ing in clinical trials [5]. Recent clinical trials involving
ESCs have exhibited positive outcomes in treating
various dysfunctions or injuries in different organs by
promoting tissue regeneration, such as in endothelial
dysfunction and spinal cord injury [6, 7].

However, the application of ESCs in research and
clinical settings is limited by ethical considerations and
technological challenges [8]. Induced pluripotent stem
cells (iPSCs) generated from reprogrammed somatic
cells could serve as a viable alternative to ESCs, as they
share similar characteristics with ESCs but do not raise
ethical issues or immunological rejection concerns
associated with ESCs [9, 10]. iPSCs have also proven to
be one of the most useful cells in the field of regenera-
tive medicine, particularly in the area of personalized
medicinal cell therapies [11, 12].

The technology behind iPSCs is rapidly advancing
with its applications expanding to focus on disease
modeling, drug discovery, and cell therapy develop-
ment [13, 14]. Researchers are studying the maturation,
aging, and metabolism of iPSC-derived cells to better
understand the pathological features and mechanisms
observed in patients [15]. For example, iPSCs have
offered a unique model for investigating tumorigenesis
and cancer treatments, as they can be generated from

adult cells containing specific cancer-related muta-
tions and be used to create disease-specific cell lines
[16]. Of course, iPSC technology also come with cer-
tain limitations. To illustrate, the variability between
cell lines derived from the same individual as well as
the potential for genetic and epigenetic anomalies pose
significant challenges in obtaining reliable results, par-
ticularly in investigating complex disorders like psychi-
atric illnesses [17]. However, iPSCs still remain among
the most promising types of cells in stem cell therapies.

Significant advances in stem cell research have enabled
a large amount of clinical trials involving human iPSCs
in several countries, including the United States, South
Korea, and Japan.

Meanwhile, clinical research and market placement
of stem cell therapies, including those involving iPSCs,
require the approval of competent local authorities [18,
19]. Consequently, it is essential to understand pertinent
regulations in each country to facilitate the research and
development of iPSC-based treatments. This entails an
examination of legislations pertaining to stem cell-based
advanced medicinal products as well as an investigation
of the trend in the development and market placement
of such products through therapeutic studies on iPSC-
based treatments.

Rules and regulations on stem cell therapies
Regulatory frameworks around stem cell therapies

The regulatory framework for stem cell therapy is struc-
tured in three tiers. The following represents the three
layers ordered from most to least superior and prece-
dential (Fig. 1). The first category consists of legislation
enacted by the legislature, such as the parliament or con-
gress. The second layer comprises regulations adopted
by the executive branch, which are consistent with the
laws set forth by the legislature. The final layer consists
of guidelines and guidance notes published by regulatory
entities. This final layer is regarded as "soft law", which
is technically not legally binding but is expected to be
adhered to in practice during the research, development,
manufacturing, and clinical trial phases of stem cell ther-
apies. In contrast, the first two are regarded as "hard law",
and noncompliance with such regulations may result in
penalties under national law.

The first regulatory layer, comprising laws enacted by
the legislature, is designed to provide a generic frame-
work for regulating stem cell therapies. The legislation
establishes general guidelines for advanced regenerative
products or cell-based therapies; however, it does not
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Fig. 1 Regulatory frameworks around stem cell therapies. The figure illustrates the three regulatory layers on stem cell therapies, with the most
superior and precedential at the top of the triangle. The laws enacted by the legislature are the most generic and legally binding, whereas

guidelines are the most practical and autonomous.

specifically address stem cell therapies. The most practi-
cal and granular guidance on the research and develop-
ment of stem cell treatments, including those based on
iPSCs, is defined in the final layer. A comprehensive list
of the most recent guidelines published by the relevant
authorities in each country is provided in Table 1.

Albeit being practical and specific, the guidelines on
stem cell therapy in various countries are not much dif-
ferent in scope and substance. Most guidelines address
the following points: safety and efficacy requirements
of raw materials throughout the development process,

Table 1 Guidelines on stem cell therapies

quality control measures during manufacturing, and
potential considerations during non-clinical and clini-
cal trials. In most countries, guidance on these matters
is provided in a general and conservative manner, with a
focus on ensuring the safety of stem cell therapy [20]. It is
therefore evident that the role of competent authorities
in interpreting these guidelines, as well as in adjudicat-
ing and approving products case by case, is imperative.
Nonetheless, it is the legislative regulations and acts that
delineate the authorities responsible for monitoring,
engaging in, and granting approval in each step of the

Country Guidelines

EU 1. Reflection paper on stem cell-based medicinal products (2009 [84])
2. Guideline on the minimum quality and non-clinical data for certification of advanced therapy medicinal products (2010 [85])
3. Guideline on quality, non-clinical and clinical requirements for investigational advanced therapy medicinal products in clinical trials
(2024 [86])

Switzerland  Opinion 06/2002: Research on embryonic stem cells (2002 [87])

South Korea

1. Guideline in Quality, Non-clinical and Clinical Assessment of Stem Cell Therapy Product (2014 [88])

2. Considerations in Tumorigenicity Assessment of Stem Cell Therapy Product (2022 [89])
3. Guideline on The Requirements for Quality Dossier of Cell and Gene Therapy Products (2022 [90])

Japan

1. Guidelines on clinical research using human stem cells, MHLW Notification No. 425 (2006 [91])

2.The technical guidance for quality, non-clinical and clinical studies of regenerative medical products (human cell-processed products),
PSEHB/MDED Administrative Notice No. 0614043 (2016 [91])

3. Points for certified special committees for regenerative medicine to consider when evaluating tumorigenicity assessment in provision
plans of regenerative medicine using human pluripotent stem cells (2021 [92])

United States 1. Regulatory considerations for human cells, tissues, and cellular and tissue-based products: Minimal manipulation and homologous
use: Guidance for industry and Food and Drug Administration staff (2020 [93])

2. Potency assurance for cellular and gene therapy products: Draft guidance for industry (2023 [94])

3. Considerations for the use of human- and animal-derived materials in the manufacture of cellular and gene therapy and tissue-engi-

neered medical products: Draft guidance for industry (2024 [95])
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developmental process of stem cell-based products [19].
Also, they stipulate specific timelines and procedures that
the competent authorities should adhere to during that
process [21]. In this regard, the first layer is of particular
importance when comparing the regulatory frameworks
for stem cell therapies across countries.

Especially, the following regions are of particular inter-
est in the comparative analysis of legislative regulations,
as they are leading in the field of stem cell research and
technology [22]: the European Union (EU), Switzerland,
Korea, Japan, and the United States. Each country’s reg-
ulatory policies on stem cell-based products reflect its
unique cultural values [23] in balancing ethical and safety
concerns with scientific progress. The EU puts greater
emphasis on ethical concerns, especially around the use
of human embryos in research. For example, the Euro-
pean Biopatent Directive (Directive 98/44/EC on the
Legal Protection of Biotechnological Inventions) pro-
hibits patents on inventions involving the use of human
embryos for commercial purposes [24]. Similarly, the
Dickey-Wicker Amendment in the United States prohib-
its federal funding for research that involves the creation
or destruction of embryos. However, California’s Propo-
sition 71 focuses more on scientific progress, allocating
a significant amount of state funding to support embry-
onic stem cell research [25]. Figure 2 presents the most
recent legislative regulations on stem cell therapies at the
national level across the five countries.

Although all listed countries are sovereign states with
the authority to govern themselves, member states of
the EU (e.g., France and Germany) are required to incor-
porate EU directives into their national legislation [26].
While these countries retain their sovereignty, they have

EU
ATMP Regulation 2007

Switzerland
Stem Cell Research Act
(StRA) 2003,
Transplantation Act 2022

Korea
Advanced Regenerative
Medicine Act 2019
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granted the EU the authority to enact legislation bind-
ing on member states, including regulations on stem cell
research and medicinal products [27]. In the following
sections, any reference to the EU encompasses regula-
tions enacted at the EU level and thus applied to all mem-
ber states.

Some countries are subject to international agree-
ments, such as human rights treaties, in regulating
the development and the use of regenerative medicine
including stem cell-based products. The 1997 Biomedi-
cine Convention (Oviedo Convention), for instance, is
a human rights regime that governs practices related to
biomedicine and was implemented within the framework
of the Council of Europe (CoE) [28]. This regime includes
provisions pertaining to iPSC-based therapies that must
be adhered to by ratified member states [29]. An intrigu-
ing aspect of international law is that these conventions
are self-binding, which implies that even countries within
the EU have the option to decline the ratification of such
regimes. To be specific, France and Switzerland ratified
the Oviedo Convention, whereas Germany did not [30].
Meanwhile, this is the first and the only international
convention in bioethics [31]; therefore, countries outside
the EU are not bound by international laws or treaties
pertaining to iPSC-based therapies.

Comparative analysis of regulations on stem cell-based
medicinal products

The regulatory frameworks governing the manufac-
turing, clinical trial, and market authorization of stem
cell-based medicinal products vary considerably across
different countries. Overall, the EU and Switzerland have
more rigorous regulations pertaining to stem cell-based

United States
Regenerative Medicine
Advanced Therapy
(RMAT) 2016

Japan
Act on the Safety of
Regenerative Medicine
(ASRM) 2014

Fig. 2 Legislative regulations on stem cell therapies. The figure shows the most recent legislative regulations on stem cell therapies in each

of the five regions: the United States, Japan, Korea, Switzerland, and the EU.
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medicinal products [32]. First, a manufacturing license
is a prerequisite for initiating the manufacturing process
for both clinical trials and market placements. Second,
clinical trials are approved by using a prior authoriza-
tion model [33]. Third, the modification of germline cells
using stem cell therapy is prohibited by law in several
states; France and Switzerland ratified the Oviedo Con-
vention; and Germany enacted the Embryo Protection
Act [34, 35].

On the other hand, the United States is more progres-
sive and open to the research and development of stem
cell therapies, including those involving iPSCs. First, a
manufacturing license is not required for neither inves-
tigational nor marketable products. Second, a prior noti-
fication model is employed for clinical trials of advanced
medicinal products and Accelerated Approval is permit-
ted for such therapies before market placement [36, 37].
Third, the legislative body does not ban germline cell
modification by law; rather, the responsibility for regulat-
ing this practice falls on the guidance level of the Food
and Drug Administration (FDA) [38]. Overall, regulatory
science is well-established in the United States. There-
fore, instead of imposing researchers a rigorous and
unilateral scientific standard by the legislation, the FDA
examines each cell-based therapy case by case with more
detailed but more flexible standards for its approval. The
objective of regulators in the United States is to achieve
a balance between safety control and scientific progress
[19].

Both South Korea and Japan have implemented regula-
tions that reflect the spirit of both the United States and
the EU, as laws and executive guidance often reference
precedents set by other countries and attempt to follow
global standards. Nevertheless, South Korea is more like
the EU in that it places a strong emphasis on ensuring
safety, whereas Japan enforces relatively lenient laws just
as the United States. To be specific, South Korea adopts a
prior authorization model for clinical trial approval and,

Classification
Manufacturing License
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in accordance with the Bioethics and Safety Act (Bioeth-
ics Act), approves clinical trials of advanced cell-based
medicinal products only if they are intended to cure a
hereditary disease or if no alternative exists to the disease
in question [39]. Also, germline therapies are strictly pro-
hibited in South Korea. Conversely, Japan follows a prior
notification model and MLHW guidelines allow germline
editing for research purpose [40].

The development of stem cell treatments consists of
five phases, as illustrated in Fig. 3. Legal and regulatory
frameworks define the requirements for each stage of the
development process. The manufacture, clinical trials,
and market placement require the acquisition of a manu-
facturing license, approval of a clinical trial, and market
authorization, respectively. The following section pro-
vides a comparative analysis of these aspects across dif-
ferent countries; the results are summarized in Table 2.

Classification
The term "classification” is used to describe the process
of categorizing cell-based treatments into the category of
stem cell treatments. The advent of new technologies has
obscured the distinction between stem cells and other
cell types, with an expanding range of cells now being
identified as stem cells [41]. Consequently, it is not always
evident whether a particular cell-based treatment can
be classified as stem cell treatment. Nevertheless, classi-
fication represents a pivotal initial stage in the develop-
mental process, as a treatment must be designated as a
stem cell treatment in order to be subject to regulations
pertaining to stem cell-based medicinal products in
subsequent phases, including the acquisition of a manu-
facturing license or the approval of non-clinical and clini-
cal trials [42]. The following section provides a detailed
explanation of the classification process for stem cell-
based products across different countries.

In the United States, stem cell therapies, includ-
ing those based on iPSCs, are classified as human cells,

Market

Placement

Clinical Trial Approval Market Authorization

Fig. 3 Developmental process of stem cell-based medicinal products and related regulatory procedures. The figure displays the six steps
in the development process of stem cell therapies: development, manufacturing, quality control, non-clinical and clinical trials, and market
placement. Also, the steps colored in blue have prerequisites, which are denoted in the bottom; for example, classification and manufacturing

license are prerequisites for manufacturing.
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EU Switzerland

South Korea

Japan

United States

Classification Categorization

Advanced Therapy Medicinal Product (ATMP)

Procedure

Required to apply for classification with the EMA
Manufacturing License Required before manufacturing investigational
and marketable products

Clinical Trial Approval  Prior Authorization

Market Authorization  Special mentoring

PRIME program N/A
Priority review
150 Days N/A

Provisional authorization

Conditional Marketing ~ Temporary Authoriza-
Authorization (CMA) tion

Clinical trials not required

Advanced Regenera-
tive Medicine

N/A

Required before manu-

facturing marketable
products

Not Required for inves-
tigational products

Regenerative Medical
Products

N/A

Required before manu-
facturing investiga-
tional and marketable
products

Human cells, tissues,
and cellular and tissue-
based product (HCT/P)

Required to register
with the FDA

Not Required; but must
submit "Chemistry, Man-
ufacturing, and Control
(CMCQ) " information

N/A

60 days

Conditional Approval

Prior Notification
N/A Fast Track program
N/A 6 months

Conditional and Time-
limited Approval

Accelerated Approval

Phase Il Clinical Trials
Required

Clinical trials not required

tissues, and cellular and tissue-based products (HCT/
Ps), as they involve the alteration of human cells to treat
diseases [43, 44]. There are two categories of HCT/Ps:
351 HCT/Ps and 361 HCT/Ps. The former is subject to
regulation under section 351 of the Public Health Service
Act (1994) [43, 45], whereas the latter is regulated under
section 361. This distinction hinges on whether the man-
ufacturing process entails merely a "minimal manipula-
tion" of the cell or tissue. A product is classified as 361
HCT/P if it is manufactured using minimal manipulation
and is intended for homologous use [43, 46]; otherwise,
the product is classified as 351 HCT/P. Stem cell thera-
pies, including those based on iPSCs, are classified as
351 HCT/Ps because they require "more than minimal
manipulation” of human cells [47, 48], and thus do not
qualify as 361 HCT/Ps. The FDA requires the entities
engaged in the development of 351 HCT/Ps to register
the treatment for classification before manufacturing the
product [45, 49].

In the EU, stem cell treatments are designated as
advanced therapeutic medicinal products (ATMPs) [42,
50]. ATMPs are classified into three categories: (a) gene
therapy, (b) somatic-cell therapy, and (c) tissue-engi-
neered medicines [42, 51]. Products derived from iPSCs
are classified as tissue-engineered products due to the
substantial modification of the cells’ "biological char-
acteristics, physiological functions, or structural prop-
erties" [52]. The European Medicine Agency (EMA)’s

Committee for Advanced Therapies (CAT) is responsible
for adjudicating the classification of medicinal products
as ATMPs. This is done within 60 days after the com-
pany in charge of developing the treatment applies for
consultation. CAT publishes the classification results as
reports to let other applicants reference these reports in
the future [53-55].

In Japan, stem cell-based medicinal products are clas-
sified as "regenerative medical products [47, 56]", which
encompass both gene therapy and cell-processed prod-
ucts intended for commercialization. The Ministry of
Health, Labor, and Welfare (MHLW) is vested with the
authority to decide the classification of treatments as
regenerative medical products, as delineated in the
Pharmaceuticals and Medical Devices Act (2013) [56].
A noteworthy distinction is that if a stem cell therapy is
not intended for commercialization but is instead used to
treat specific patients at the discretion of the physician,
it is classified as "specified processed cells" in accordance
with the provisions of the Regenerative Medicine Safety
Act (2013) [57].

In South Korea, stem cell treatments are classified as
advanced regenerative medicine in accordance with the
Advanced Regenerative Medicine Act (2019) [58, 59].
Advanced regenerative medicine is defined as "cell ther-
apy, gene therapy, or tissue engineering therapy" that is
used to "regenerate, restore, or establish a person’s physi-
cal structure or function, or to treat or prevent diseases"
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[58]. In accordance with this legislation, the "Advanced
Regenerative Medicine and Advanced Biological Prod-
ucts Policy Review Committee” has the authority to
classify stem cell therapies as advanced regenerative
medicines [58].

Manufacturing license

Regulations pertaining to the manufacture of stem cell
therapy products can be classified into two principal cat-
egories: the production of investigational products for
clinical trials and the production of medicinal products
intended for commercial distribution.

First, except for the United States and South Korea,
every country requires a license to manufacture inves-
tigational products for clinical trials. Obtaining a man-
ufacturing license is a prerequisite for initiating the
clinical trial phase of stem cell therapy development. In
the United States, manufacturing licenses are not a pre-
requisite for conducting clinical trials. Instead, inves-
tigators must submit information pertaining to the
"Chemistry, Manufacturing, and Control" of the products
in question to the FDA [60]. South Korea also provides
an exception to the manufacturing license requirement
for investigational advanced regenerative medicines,
including stem cell-based therapeutic products [61].
In most countries, the same authority is responsible
for both the review of clinical trial applications and the
granting of manufacturing licenses. Japan provides a case
in point, with the MLHW assuming oversight of both
functions. In Germany, however, the process of obtaining
a manufacturing license requires the applicant to receive
approval from two authorities: the regional competent
authority within the state and the Paul-Ehrlich Institute
(PEI). The regional authority has jurisdiction over all
medicinal products, whereas the PEI has authority over
products "manufactured using genetic engineering” [62].

Second, a distinct manufacturing license is required
to produce iPSC-based medicinal products intended for
commercialization in countries other than the United
States [63]. Most countries have separate Good Manu-
facturing Practice (GMP) guidelines for stem cell-based
medicinal products. These guidelines present an addi-
tional set of requirements to the manufacturers on top of
the requirements for generic pharmaceutical products.
For example, the EU has published a document titled
"Good Manufacturing Practice for Advanced Therapy
Medicinal Products,” which provides detailed specifica-
tions regarding the manufacture of cell and gene therapy
products for market placement. In the United States, no
manufacturing license is required; however, the FDA has
published manufacturing guidance for cell-based therapy
products.
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Clinical trial approval

Approval processes for clinical trials of stem cell-
based products can be classified into two models: prior
authorization and prior notification. Most countries
adhere to the "prior authorization" model, in which
researchers must obtain approval from the relevant
authority before the commencement of clinical trials
[33]. The competent authority will assess the safety of
the clinical trial to ensure that the methodology follows
good clinical practices and does not pose any substan-
tial risk to the participants. Also, it will review the ethi-
cal implications of the proposed treatment, specifically
regarding editing the human genome. The prior author-
ization model provides a stronger guarantee that the
relevant authority has comprehensively examined the
procedures and substance of the trial before the initia-
tion of the trial itself.

Meanwhile, the United States and Japan adhere to
the "prior notification” model, wherein researchers are
permitted to notify the pertinent authorities and sub-
sequently commence the trial after a designated wait-
ing period has elapsed [64, 65]. In contrast to the prior
authorization model, the prior notification model does
not require the approval of competent authorities, such
as the MLHW (Japan) and FDA (United States), for the
researcher to initiate the trial. However, the authorities
may subsequently notify the researcher to suspend the
trial if it is deemed unsafe or unethical upon review. In
the United States, if the FDA decides and notifies the
applicant of approval before the conclusion of the wait-
ing period, a clinical trial may commence at an earlier
date [66].

Given the advanced nature of stem cell therapies,
particularly those involving iPSCs, and the potential
for previously unidentified risks, competent authorities
often provide consultation programs for clinical trials
at the earliest stages of development. At various stages
of the clinical trial, authorities may provide substantial
advice on matters such as the manufacturing process
of investigational therapy products and data privacy
regulations. While the advice provided by competent
authorities is not legally binding, researchers frequently
seek consultation not only because it is advantageous
to receive feedback at an early stage of the clinical trial,
but also because it facilitates compliance with local reg-
ulations governing research. Unlike authorities in other
countries, the U.S. FDA provides structured consulta-
tion programs, including pre-IND meetings and the
INTERACT (Initial Targeted Engagement for Regula-
tory Advice on CBER Products) program [67, 68].
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Market authorization

All countries have established a regulatory framework
that requires a review process for authorization before
stem cell therapy products can be placed on the market.
Nevertheless, given that cell-based therapy is regarded
as an advanced treatment distinct from other biop-
harmaceutical products, competent authorities have
granted three exceptional procedures to accelerate the
review process and facilitate the development.

First, competent authorities provide specialized men-
toring and attention for the review of stem cell treat-
ments, including iPSC-based medicinal products.
This entails more frequent communication between
the researcher and relevant authorities, wherein the
researcher can receive detailed feedback and guid-
ance. One example is the EMA’s PRIME (Priority Medi-
cines) program, which provides comprehensive support
throughout the approval process [69]. Another example is
the FDA’s Fast Track program, which offers professional
guidance to investigators from the outset of the clinical
trial phase to the approval stage for market placement.

Second, stem cell-based therapeutic products may
benefit from accelerated approval. The time required for
approval is significantly reduced if the product undergoes
an accelerated procedure. South Korea recently enacted
an accelerated review process in the Advanced Regenera-
tive Medicine Act (2019), which requires the Ministry of
Food and Drug Safety to adjudicate applications for the
market authorization of advanced regenerative medi-
cines within 60 days of submission [70]. In addition, the
EDA offers the Priority Review program, which reduces
the timeline for judging a Biological License Application
(BLA) from 10 to 6 months for advanced medicinal prod-
ucts [71].

Third, a provisional authorization policy is offered
by competent authorities, whereby the applicant is par-
tially relieved of the burden of providing evidence related
to the efficacy and safety of the medicinal product. To
illustrate, the FDA’s Accelerated Approval program per-
mits BLA applicants to demonstrate the efficacy of only
intermediate and surrogate endpoints, instead of con-
ventional endpoints [37]. Policies pertaining to provi-
sional authorization vary considerably across countries.
To be specific, Japan mandates the completion of phase

Table 3 Regulations on germline cell therapy
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2 clinical trials, whereas other countries, including the
United States and the EU, require no clinical trials for
provisional authorization [72]. The applicant must dem-
onstrate the efficacy and safety of the medicinal prod-
uct in clinical trials within a certain period of time after
the provisional authorization is granted; the duration of
this buffer period varies by country. Japan has the long-
est buffer period, as proof is required within 7 years of
authorization [72]; the EU requires proof within one year,
with the possibility of renewal. The exceptional approval
procedures for iPSC-based therapeutic products permit
testing of investigational iPSC-based treatment methods
in clinical trials. Authorities have implemented a minimal
set of safeguards to ensure the safety, efficacy, and quality
of cell-based medicinal products, upholding the validity
of scientific research and protecting patient welfare.

Regulations on iPSC-based germline treatment

iPSCs can be genetically modified and subsequently
employed to derive gametes, facilitating the production
of genetically modified germline cells [73]. Although
technically feasible, the prevailing view among the sci-
entific community is that germline treatment is ethically
unacceptable and condemnable. Consequently, most
countries in this analysis have enacted legislation or
adopted guidance that prohibits the use of iPSCs in ger-
mline cell therapies. For example, South Korea enacted
the Bioethics Act, which explicitly prohibits germline
therapies and stipulates that any individual engaging in
such activities may be subject to criminal prosecution.
Germany also enacted the Embryo Protection Act, which
unequivocally prohibits modifications of germline cells
[34, 39]. Some countries in the EU as well as Switzerland
also adopts Oviedo Convention which bans germline
therapy.

Meanwhile, in Japan, regulations on germline cell ther-
apy are comparatively lenient yet remain subject to guide-
lines published by the MLHW [40]. These guidelines
permit germline editing for research aimed at treating
genetic diseases but impose restrictions on reproductive
applications and clinical testing [74]. In the United States,
although there are no formal laws or regulations that
restrict germline cell therapy, the FDA prohibits the use
of advanced therapies for editing germline cells [38]. The

Rigorous « Level of Control — Lenient

EU Switzerland South Korea

Japan United States

CoFE's biomedicine convention (Oviedo convention)

Embryo Protection Act
(Germany)

Reproductive Medicine Act )
therapies

Bioethics and Safety Act
strictly prohibits germline

MLHW guidelines
allows germline editing
only for research purposes

No law or regulation;
FDA prohibits approving
and funding germline cell
therapies
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regulatory frameworks governing germline cell treatment
in different countries are presented in Table 3.

Therapeutic studies involving clinical trials

on iPSC-based treatments

Global trends in clinical studies on stem cell therapies
Clinical studies involving stem cells by cell type

To gain insight into the global landscape of stem cell ther-
apies, it is essential to examine data on clinical studies
using stem cells. Figure 4 illustrates the temporal trend in
the number of clinical studies worldwide involving differ-
ent types of human pluripotent stem cells (hPSCs) over
the past two decades. Data on clinical trials were col-
lected on June 20th, 2024 from two sources: ClinicalTri-
als.gov, managed by the US National Library of Medicine,
and the International Clinical Trials Registry Platform
(ICTRP), maintained by the World Health Organization
(WHO).

Three types of hPSCs were subject to investigation:
ESCs, iPSCs, and SCNTs. A search for the keywords
"embryonic stem cells," "induced pluripotent stem cells
ORiPSC," and "somatic cell nuclear transfer OR SCNT"
yielded 73, 164, and 1 results, respectively, after remov-
ing duplicates between ClinicalTrials.gov and ICTRP.

EERESC
e==ESC (Cumulative)

iPSC
e===iPSC (Cumulative)

Number of Studies
26

24

22

20
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The keyword “ESC” was excluded when searching for
studies involving ESCs because “ESC” is widely used in
other contexts and therefore yields a lot of irrelevant
results. The results included both the observational and
interventional studies. Subsequently, the studies were
aggregated by year based on the date of enrollment.
This enabled an investigation of the evolution of stem
cell types that garnered the most attention from the
research community over time.

As illustrated in Fig. 4, the utilization of hPSCs
in clinical trials emerged in the early 2000s. Since
2008, the number of relevant studies have demon-
strated a consistent upward trajectory, particularly
those involving iPSCs and ESCs. More recently, clini-
cal studies based on iPSCs constitute the vast majority,
demonstrating a persistent upward trend. For the past
10 years, iPSCs accounted for more than 60% of all clin-
ical studies involving hPSCs; the ratio even recorded
up to 100% in 2014 and 89% in 2024. The recent expo-
nential growth in the number of clinical trials involving
iPSCs indicates a heightened focus on iPSCs within the
field of stem cell research. Since their discovery, iPSCs
have been considered a groundbreaking technology
with the potential to treat several incurable diseases,

mm SCNT

e==SCNT (Cumulative) Number of Studies

(Cumulative)
T 160

T 140
T 120

+ 100

= |

) ) - 0 % ) )
A o o o o (oS o O N N A eV AV W W @S N ) R

LV v 3 I3

Fig.4 Global Trends in Clinical Studies Involving Different Types of hPSCs. The graph shows the trend in the number of clinical studies worldwide
involving different types of human pluripotent stem cells (hPSCs), including ESCs, iPSCs, and SCNTs. Data were collected from two sources:
ClinicalTrials.gov and ICTRP. The bar chart indicates the number of clinical trials for each hPSC type by year, whereas the line graph shows

the cumulative number of clinical trials since 2002.
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including malignant tumors and rare genetic disorders
[75, 76].

The generation of iPSCs involves the injection of repro-
gramming factors into adult somatic cells, which are then
converted into an embryonic-like state [77]. Owing to
their capacity for regeneration, iPSCs can differentiate
into any type of cell, providing an inexhaustible source
of individualized tissue and organ replacement therapy
[78]. Furthermore, iPSCs can be used as powerful tools
for the development of personalized medicines that tar-
get genetic diseases [79]. By modeling diseases using
cell lines derived from patients with genetic mutations,
researchers can ascertain the underlying mechanisms of
the disease and develop treatments that address specific
genetic defects in each patient [80]. For example, patient-
derived iPSCs and organoids are recently preferred as an
effective source to figure out the accurate mechanisms
of inherited retinal diseases (IRDs) and are considered
to have significant therapeutic implications [81]. Moreo-
ver, iPSCs are highly effective for drug screening because
they enable researchers to assess the safety and efficacy
of potential treatments in a more realistic setting than
conventional techniques, such as those based on animal
models; researchers may use tissues and organs derived
from patients’ iPSCs [16]. In this sense, iPSC-based
therapies are expected to play a pivotal role in the future
advancement of stem cell research.

Clinical studies on stem cell therapies by country

In order to provide a deeper insight into how active stem
cell research is in different countries, an investigation of
the trend in clinical studies involving stem cell therapies
was conducted by country. This analysis effectively con-
textualizes the iPSC-specific trend analysis in the later
section, as it enables the comparison of the number of
clinical trials involving iPSCs to that of clinical studies
based on stem cells in each country. A methodology anal-
ogous to that previously outlined was employed to collate
clinical research data from two principal sources: Clini-
calTrials.gov and the ICTRP [82].

Data were collected on June 20th, 2024. A search for
clinical studies was conducted using the keywords "stem
cell therapies OR stem cell treatments," resulting in 3,329
and 1,938 results from ClinicalTrials.gov and ICTRP,
respectively. Following the removal of duplicate studies
identified by both sources, 4,673 results were retrieved.
The studies were matched based on trial ID and study
title to identify the duplicates. Figure 5 illustrates the
country-specific distribution of the 4,673 clinical stud-
ies retrieved using this methodology. As illustrated in
Fig. 5A, the United States led with 1,992(43%) studies; the
EU followed by 1,144(24%) with Germany, France, Italy,
and Spain having 324(7%), 296(6%), 270(6%), 254(5%)

Page 10 of 24

studies, respectively. China trailed behind with 608(13%).
South Korea had 191(4%); Japan had 121(3%); and Swit-
zerland had 71(1%). Figure 5B summarizes the results
of only the five key regions addressed in this study: The
United States, the EU (Germany and France), South
Korea, Japan, and Switzerland.

Global trends in clinical studies on iPSC-based treatments
Classification of clinical studies involving iPSCs

iPSCs are playing an essential role and have recently been
the most popular cell types used in the field of stem cell
research. Therefore, the number of clinical trials that
involve iPSC-based treatments was used as the proxy for
the global trend in the research and development of stem
cell therapies. This section provides a comprehensive
assessment of clinical trials involving iPSCs, with data
collected on June 21st, 2024, from the same two sources
as above: ClinicalTrials.gov and ICTRP. Subsequently,
the studies were classified according to three different
criteria.

A search for the keyword "induced pluripotent stem
cells OR iPSC" yielded 131 studies identified as clini-
cal trials involving iPSCs. Specifically, 113 studies
were sourced from ClinicalTrials.gov, whereas 36 were
sourced from ICTRP. In ClinicalTrials.gov, the keyword
was entered to the filter "Intervention/treatment,” as we
intended to focus only on therapeutic studies involving
certain treatments. In ICTRP, the “Phases” filter was used
to only search for clinical studies reported to be in phases
0 to 4. Among these, 18 duplicate studies were removed.
Figure 6 illustrates the subsequent analysis of the 131
studies that were classified according to three standards.
During this process, studies that did not meet the stand-
ards were excluded to only identify valid studies using
iPSCs for therapeutic applications.

The first criteria for classification were the primary
utilization of iPSCs. Specifically, we examined whether
iPSCs were (a) identified as essential and critical mate-
rials in the study and (b) emphasized in the primary
outcome measure. 15 studies that did not meet the cri-
teria were excluded upon further analysis. These studies
include those in which iPSCs were not used, were used
only for somatic cell or blood sample collection, or were
not highlighted in the primary outcome of the study.

The second criterion for classification was whether the
study focused primarily on treatment purposes. A study
was deemed to have a treatment purpose if it was (a)
conducted to assess the safety, efficacy, and side effects
of iPSC-based therapies and (b) interventional in that it
involves the direct administration of iPSCs into the sub-
ject’s body. Most of these studies were labeled as "Pri-
mary Purpose: TREATMENT" in the "Study Design"
column. In accordance with the aforementioned criteria,
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Japan  Switzerland
121 (3%) 71 (1%)

South Korea
191 (4%)
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A. Clinical Studies on Stem Cell Therapies by Country
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121 (4%) 71 (2%)

South Korea
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B. Clinical Studies on Stem Cell Therapies in Key Regions
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Germany
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France
296 (6%)

254 (5%)

m Switzerland

Fig.5 A Clinical studies on stem cell therapies by country. The figure shows the distribution of clinical trials on stem cell therapies across different
countries. Data on clinical trials were collected from two sources: ClinicalTrials.gov and ICTRP. B Clinical studies on stem cell therapies in key regions.
The figure shows the number and the relative proportion of clinical trials conducted in key regions denoted in this study, which include: the EU

(Germany and France), Switzerland, South Korea, Japan, and the United States.
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Fig. 6 Classification tree of clinical studies involving iPSCs. The figure illustrates the classification of 131 clinical studies related to iPSCs, retrieved
from ClinicalTrials.gov and ICTRP using a keyword search on "induced pluripotent stem cells OR iPSC." The flow chart shows three criteria used

in the classification and the number of studies that fall into each category. The figure also shows the breakdown of 44 studies in which iPSCs were
primarily used, treatment was not the primary purpose, and are considered to be in valid status; this sheds light on the objectives of basic science

studies in which iPSCs were used.

61 studies on basic science research were excluded.
Examples of such studies include those focused on gener-
ating iPSCs, reprogramming or differentiating iPSCs into
other cell lines, modeling target diseases, and creating
cell banks.

The final standard pertains to whether the study is
in a valid status. A study was deemed valid had it been
completed (including those listed as "not recruiting” or
"no longer recruiting” with the results available) or was
still ongoing (those listed as "recruiting”, "enrolling by
invitation", and "actively not recruiting"). The study was
deemed invalid if the recruitment status was identified as
one of the following: "terminated", "suspended”, "pend-
ing", "withdrawn’, "not yet recruiting", or "unknown".
Twenty out of the 55 treatment studies and 17 out of the
61 basic science studies were excluded based on the final
classification criterion. The remaining 44 basic science
clinical studies that satisfied this criterion consist of the
following topics: 11 for generating iPSCs only for various
future uses, 13 for reprogramming iPSCs, 12 for disease
modeling, four for establishing cell banks, and four for
other purposes.

A total of 35 studies met all three criteria, indicating
that iPSCs were primarily used, the objective of the study
was treatment, and the study itself was deemed valid. For
simplicity, these studies are referred to as "iPSC treat-
ment studies.” A comprehensive list of iPSC treatment
studies is provided in Table 4.

Compatrative analysis of iPSC treatment studies by targeted
disease

To gain further insight into the trends observed in iPSC
treatment studies, we first classified the studies accord-
ing to the targeted condition(s). Figure 7 illustrates the
number of studies aggregated by the body systems asso-
ciated with the targeted diseases. Eight studies were iden-
tified as investigating treatments targeting the nervous
system. Of these, four focused on Parkinson’s disease
{24, 30, 31, 35}, two on ischemic stroke {21, 22}, one on
amyotrophic lateral sclerosis {8}, and one on refractory
focal epilepsy {18}. (Numbers provided in braces corre-
spond to assigned "No." of clinical studies targeting each
condition in Table 4). Four studies focused on the visual
system, with all four targeting retinal pigment epithelium
(RPE)-impaired disease {3, 13, 27, 34}, three of which
were related to macular degeneration {3, 13, 27}.

In addition, there were 14 studies on the circulatory
system, encompassing the cardiovascular, hematologi-
cal, lymphatic, and peripheral vascular systems. Eight
studies focused on the cardiovascular system: three
on ischemic heart disease {9, 14, 29}, two on general
heart failure{5, 10}, three on heart failure with reduced
ejection fraction (HFrEF) {17, 32}, and one on univen-
tricular heart disease {16}. Four studies targeted the
hematologic system: two focused on myeloid leukemia
{20, 26}, one on aplastic anemia {33}, and one on mye-
loma {11}. One study focused on the lymphatic system,
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Fig. 7 Number of iPSC treatment studies by relevant body system of targeted condition. The diagram shows the number of iPSC treatment studies
targeting each condition and body system, such as the visual system or the nervous system.

with particular emphasis on non-Hodgkin lymphoma
{12}. The remaining one study focused on the periph-
eral vascular system, with an emphasis on critical limb
ischemia {25}.

Moreover, three studies targeted the immune sys-
tem, particularly focusing on graft-versus-host dis-
ease (GVHD) {1, 15, 23}. Two of them were specifically
designed to address steroid-resistant acute GVHD {1, 23}.
Two studies focused on the respiratory system, which
plays a role in the pathogenesis of SARS-CoV-2 infection
(COVID-19) {4, 6}. Ultimately, one study focused on the
endocrine system, targeting type 1 diabetes {28}; another
on the reproductive system, targeting gynecological can-
cer {33}; and the other on the integumentary system, tar-
geting atopic dermatitis {7}.

Overall, the most prevalent conditions targeted by iPSC
treatment studies were those affecting the cardiovas-
cular and nervous systems. These findings indicate that
the majority of iPSC-based therapies are concentrated
on disorders associated with the systems that are com-
monly regarded as vital and challenging to address using
conventional therapeutic modalities. This aligns with the
hypothesis that iPSCs are a revolutionary and transform-
ative resource in the field of regenerative medicine. It also

highlights the importance of ensuring the safety of iPSC-
based therapeutic products.

Comparative analysis of iPSC treatment studies by country
Subsequently, the studies were classified by country to
identify which countries are leading in the development
of iPSC-based therapies. Figure 8 shows the number
of iPSC treatment studies conducted in each country.
While numerous countries are engaged in the devel-
opment of stem cell treatments, as illustrated in Fig. 5,
only seven countries have successfully conducted clini-
cal studies on iPSC-based therapies. Specifically, China
has spearheaded the field with 12 studies; all of them
were conducted after 2021, and nine of them were ini-
tiated within the past two years. This corroborates the
findings presented in Fig. 5, which illustrate that China
holds a leading position in stem cell therapy research.
Also, this suggests that China has recently dedicated a lot
of effort to the research and development of iPSC-based
therapies.

The United States and Japan were the next most active
countries, with nine studies each. As of 2018, both coun-
tries are at the vanguard of clinical studies using iPSC-
based treatments. The difference between the two is
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Fig. 8 Number of iPSC treatment studies by country. The chart shows the number iPSC treatment studies by the country it was conducted in. This
corresponds to the 35 treatment studies indicated in the top box in the rightmost column in Fig. 6.

that the United States has maintained a consistent pres-
ence in clinical studies from 2019 to 2024, whereas the
most recent clinical study in Japan commenced in 2022
(Table 4). In Japan, the total number of stem cell therapy-
related clinical studies was 121, which represents less
than one-tenth of the 1,992 studies done in the United
States. Consequently, Japan is not considered a super-
power in stem cell research (Fig. 5). Conversely, Japan
has made significant investments in the development of
iPSC-based treatments to achieve a level of clinical stud-
ies on par with that of the United States.

To date, Germany and France are the only countries in
the EU to have carried out iPSC treatment studies. Nev-
ertheless, only a single study has been conducted in each
country. This contrasts with the active stem cell research
landscape in Europe; Germany, France, Spain, and Italy
have reported relatively high numbers of clinical stud-
ies on stem cell therapies (Fig. 5). While being active in
stem cell research, these countries are lagging behind in
the development of treatments specifically derived from
iPSCs. This reflects the fact that the EU enforces a more
rigorous set of regulations on the research and develop-
ment of ATMPs, which include iPSC-based therapies.

Switzerland and South Korea fall behind in the number
of iPSC treatment studies, with no studies having been
conducted in the two countries. Both countries have
stringent laws on stem cell research, similar to that of the
EU. Switzerland, for instance, implements regulations

almost consistent with that of the EU in most stages of
development. Regulations in South Korea are also rela-
tively strict; the Bioethics and Safety Act permits clini-
cal trials only when they aim to treat hereditary diseases
or when no other treatment options are available for the
condition [39]. At the same time, the lack of iPSC treat-
ment studies in South Korea can be attributed to the
greater focus on stem cell research and therapy utiliz-
ing mesenchymal stem cells (MSCs) and umbilical cord
blood stem cells (UCBSCs). To be specific, as of 2023,
nine out of twelve approved MSC-based therapies were
developed in Asia, and the majority of them were from
South Korea [83].

Notably, the number of clinical studies on iPSC-based
treatments in the United States and Japan is significantly
higher than that in the EU, Switzerland, and South Korea.
The discrepancy can be attributed to the progressive and
open nature of the regulatory framework governing stem
cell therapies in the United States and Japan, which pro-
vides a conducive environment for the development of
cutting-edge advanced therapeutic modalities, including
those involving iPSCs. Lenient regulations reduce hurdles
that researchers need to go through in order to complete
the development of stem cell therapies. Figure 9 presents
the regulatory trends and advancements in iPSC-based
treatments across different countries. The x-axis repre-
sents how rigorous regulations are, whereas the y-axis
represents the number of iPSC treatment studies, which
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Fig. 9 Global tendencies in regulations and development of iPSC-based treatments. The figure illustrates the regulatory trends and advancements
in iPSC-based treatments across different countries. The x-axis represents how rigorous regulations are. The y-axis represents how active research
on iPSC-based treatments is in each country; the number of iPSC treatment studies was used as a proxy for this measure. A positive correlation
shown in the graph strongly supports the fact that less rigorous regulations facilitate research and development of stem cell therapies.

can be used as a proxy for how active research on iPSC-
based therapies is in each country. The graph shows a
positive correlation between the leniency of the regula-
tion and the number of studies. This further corroborates
the hypothesis that less rigorous regulations encourage
research and development of stem cell therapies.
However, regulations play an important role in ensur-
ing the safety and efficacy of stem cell therapies. For
instance, authorities require researchers to acquire
manufacturing licenses before clinical trial and mar-
ket placement because it gives them better control over
the quality of medicinal products during the respec-
tive phases of development. This means that loosening
up the regulations to be more lenient might come at
a price of partially giving up the safety guarantees on
stem cell therapies. Hence, well-balanced regulation is
important in reducing the associated risks and encour-
aging the development of new therapeutic modalities.
In addition, regulatory science enables regulators to
find the right balance between these two values with-
out necessarily trading off one for the other. Regulatory

science allows authorities to apply a flexible set of rules
to different research projects more on a case-by-case
basis, while still upholding a consistent standard for the
quality and the safety of stem cell therapies.

As previously discussed, countries in the five key
regions are on different ends of the policy spectrum
when it comes to regulating stem cell therapies. In this
context, global regulatory convergence towards a well-
balanced approach is imperative, because it improves
the applicability and scalability of stem cell therapies.
A consistent regulatory landscape facilitates the cross-
pollination of research efforts between countries,
because research will adhere to a similar set of stand-
ards. Additionally, international convergence helps
stem cell therapies developed in one region to be mar-
ket placed in another regime, making them more scal-
able. Figure 10 illustrates the importance of finding the
correct balance between lenient and rigorous modes of
regulations in order to achieve both safety and progress
in stem cell therapies. Also, it shows the role that global
regulatory convergence can play in reinforcing the
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Fig. 10 Balancing Safety and Progress in Stem Cell Research and Therapy. The figure illustrates the importance of finding the correct balance
between lenient and rigorous modes of regulations in order to achieve both safety and progress in stem cell therapies. It indicates that higher focus
on lenient regulations enhance the progress in stem cell research and therapy, while more rigorous regulations improve safety of such therapies.
Also, it shows the role that global regulatory convergence can play in reinforcing the move towards safe and efficient development of stem cell

therapies.

move towards safe and efficient development of stem
cell therapies.

Conclusions
This study highlights the significant impact of regulatory
frameworks on the development of stem cell therapies.
For this purpose, a comparative analysis of global regula-
tions and studies on stem cell therapies was conducted.
Regulatory frameworks for stem cell-based medicinal
products are categorized into three layers: legislation,
executive orders, and guidelines. The study focuses on
the legislation layer because while guidelines offer the
most practical and specific guidance, there is little vari-
ation across countries in terms of scope and substance.
The role of the regulatory authorities in interpreting and
enforcing such guidelines is important, which indicates
that the laws that designate such agencies should be the
subject of analysis. According to the investigation, the EU
and Switzerland impose relatively rigorous regulations.
For example, the EU requires a manufacturing license
for market placement and follows the prior authoriza-
tion model for clinical trials. Such regulations can ensure
safety but they may slow down innovation. In contrast,
the United States enforces less stringent regulations and
relies heavily on regulatory science, which promotes
faster progress in the development of stem cell therapies.

To be specific, it adopts a prior notification model and
permits provisional authorization.

Japan and South Korea strike a balance, incorporating
practices from both regimes. For instance, South Korea
does not require a manufacturing license for clinical trials
but follows the prior authorization model; the opposite is
true in Japan, where manufacturing license is required for
both clinical trial and market placement, but a prior noti-
fication model is used. Between the two countries, South
Korea tends to impose more stringent regulations than
Japan. For example, South Korea strictly bans iPSC-based
germline therapies, just like the EU. Japan adopts a more
flexible regulatory approach akin to that of the United
States, such as permitting germline editing for research
purposes.

Further analysis was done on therapeutic studies
involving iPSC-based clinical trials. First, the clinical tri-
als were categorized based on the conditions they were
targeting. The result revealed that clinical trials largely
target diseases affecting the cardiovascular and nerv-
ous systems, both of which are considered vital. Hence,
ensuring the safety of iPSC-based therapeutic products is
particularly important, as they may pose a great risk to
patients. Second, iPSC-based clinical studies were aggre-
gated based on the country it was conducted in. Coun-
tries where regulation on stem cell research was relatively
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lenient, such as the United States and Japan, had the
largest numbers of clinical trials. Germany, France, Swit-
zerland, and South Korea, all of which have relatively rig-
orous regulations on stem cell research, trailed behind.
This finding indicates that lenient regulations can lead to
more rapid advances of iPSC-based therapies.

Therefore, it is imperative to take a well-balanced
approach when regulating stem cell therapies, in order
to facilitate technological progress while minimizing
the associated risks. Although a rigorous set of regula-
tions better asserts the safety of such treatments, they
might hinder research and development, and vice versa.
In addition, regulatory agencies around the world should
coordinate to achieve international convergence towards
a balanced regulatory scheme. Global regulatory con-
vergence is necessary to enhance the applicability and
scalability of stem cell therapies, as it makes it easier
for treatment developed in one regime to be placed in
another market. A consistent standard across the board
also provides researchers a clearer guidance and facili-
tates international collaboration during the development
process. Towards this end, each country should adopt
global standards and, at the same time, impose a local-
ized version of regulations based on its cultural context
and circumstances.
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