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ABSTRACT

Background: This study aimed to analyze autologous and allogeneic cell therapies. A gap 
analysis of source-cell storage regulations and guidelines of allogeneic cell therapies 
was performed for regulatory authorities in target countries, including the USA, EU, Ja-
pan, and Korea. 

Methods: Cell-storage regulations and guidelines regarding allogeneic cell therapy prod-
ucts framed by regulatory authorities were comparatively analyzed.

Results: Of 41 cell therapies, 10 allogeneic cell therapies were selected, and their source 
cells were categorized based on 3 types of cell storage, namely cell bank (n=6) in the 
USA, Japan, and Korea; cell stock (n=2) in the EU; and drug substance (n=2) in Korea. 
In the gap analysis of cell storage regulations and guidelines by the selected regulatory 
authorities, cell storage systems have regulations and guidelines similar to those stip-
ulated by regulatory authorities, except for the regulation of source-cell changes. Most 
allogeneic cell therapies used cell banks for cell storage. Thus, to ensure the safety of al-
logeneic cell therapy, more detailed criteria must be established for source-cell changes 
in cell storage systems.

Conclusion: Regulatory authorities can ensure a safer and more effective supply of ther-
apy products to the public by harmonizing the regulations associated with allogeneic cell 
therapies.

Keywords: Cell therapy product; Allogeneic cell therapy product; Cell storage; Regulatory 
system; Regulatory science; Gap analysis

Cell therapy products are classified as advanced therapy 
medicinal products (ATMPs) [1]. They are derived through 
the physical, chemical, and biological manipulation of 
cells using various processes, such as the in vitro cul-
ture of autologous, allogeneic, or xenogeneic cells [2,3]. 
Cell therapy products are closely related to gene therapy 

products when the latter employ cells as the source of the 
therapeutic agent. These hold the promise of providing a 
cure or treatment for diseases that cannot be managed 
using conventional medicines and procedures [1,4-6].

Currently, the market for and investment in cell therapy 
products are focused on the development of allogene-
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ic cell therapy products that have some advantageous 
over autologous cell therapy products [7,8]. The former 
is available for immediate delivery because manufactur-
ing can be completed in advance and the product can be 
stored for later use; conversely, for the latter, manufactur-
ing begins only after the patient has acquired a condition 
[9]. Additionally, for companies practicing large-scale 
manufacturing, the former is a more economically advan-
tageous business model than the latter [8,10]. 

The source cells of allogeneic cell therapy are generally 
frozen and stored, and regulatory authority has regulated 
source cell storage as the starting point of the manufac-
turing process [8,11,12]. Source cells for manufacturing 
allogeneic cell therapy products possess an inherent 
risk of contamination by an infectious agent such as a 
virus; infectious agents could then be amplified during 
the production process, owing to either the origin of the 
cells or some flaws in the manufacturing process [13-15]. 
Therefore, appropriate quality control tests are performed 
throughout the process, i.e., from receipt of the source 
cells to release of the product. For cell therapy products, 
collection of the cells is managed during the “manufac-
turing process” step whereas the quality control of drug 
substances and the completed drug is managed during 
the “specification and tests” step [11]. Although a large 
number of safety-related test reports, donor screening, 
and laboratory tests can be exempt for autologous prod-
ucts, this is not the case for allogeneic cell therapy prod-
ucts [13,16].

Recently, a safety issue was raised in Korea regarding 
the source cells of a cell line [10]. After inspection, the Ko-
rea Ministry of Food and Drug Safety (MFDS) stated that 
no problem was found regarding the cell storage system 
[17]. However, another issue related to source cells was 
raised concerning the cell-based gene therapy Invossa-K 
[18]. Similarly, important issues related to source cells 
for allogeneic cell therapy products have emerged, even 
though more rigorous safety regulations are being con-
tinuously developed for allogeneic cell therapy products 
than for autologous cell therapy products [19]. Moreover, 
allogeneic cell therapy products are continuously being 
developed [20]. 

Previous studies have described and summarized spe-
cific regulations for cell therapy products [21-27]. Howev-
er, despite concerns regarding the storage of source cells 
for allogeneic cell therapy products, the relevant regu-
lations have not yet been comparatively analyzed. The 

goals of this study were as follows: (1) to investigate the 
latest overall cell therapy products, including autologous 
and allogeneic cell therapy, to check the market authori-
zation status; (2) to analyze the current status of source 
cell storage for allogeneic cell therapy products and per-
form gap analysis of the source cell storage regulations 
and guidelines for allogeneic cell therapy in countries 
with advanced regulatory systems, namely the US, EU, 
Japan, and Korea.

METHODS

Specification of Research Subjects
For the selection of research subjects, eligibility criteria 
were applied to i) cell, tissue, and gene products listed as 
of June 2021 by the International Society for Cell & Gene 
Therapy (ISCT), a global society that focuses on cell ther-
apy products worldwide, and were certified as “category 
A,” according to the International Organization for Stan-
dardization (ISO); and ii) products listed on the website of 
each regulatory authority, after being double-checked and 
updated [28]. The inclusion criteria for selecting cell ther-
apy products was based on Petriccinai et al. [1]. for clini-
cal perspectives of cell-based therapy based on the level 
of manipulation. The exclusion criteria were obtained 
from the standards for minimal manipulation used by the 
regulatory authority to avoid any issues regarding safety 
(extent of maintaining biological properties) [11,29,30]. 
Accordingly, allogeneic cell transplantation, which is a 
surgical procedure, was excluded. This is because trans-
plantation is minimally manipulated and is not included 
in the allogeneic cell therapy that is substantially ma-
nipulated. The following were also excluded: countries 
where a given product was not marketed, products whose 
market authorization (MA) had been revoked as of June 
2021, and gene therapy. Allogeneic cell therapy products 
were selected with reference to the founding regulatory 
members of the International Council for Harmonisa-
tion of Technical Requirements for Pharmaceuticals for 
Human Use (ICH) and Korea. The regulatory systems of 
cell storage in Korea were compared with those of the 
ICH-founding regulatory members, namely the US, EU, 
and Japan [31]. These members were considered to be 
advanced in terms of their regulatory framework and thus 
were expected to assist new ICH member countries such 
as Korea, which became a member in 2016 [32]. 
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Data Collection
Data from the ISCT website were collected to investigate 
cell therapy products worldwide; further updates were 
made by visiting the websites of the regulatory agencies. 
Based on the data collected, autologous and allogeneic 
products were classified according to cell type, name, MA 
holder, approved country.

To investigate the source cell storage system for allo-
geneic cell therapy products, market authorized alloge-
neic cell therapy products were listed according to name 
of product, approved country, indication, and year of MA. 
The approval reports and regulations displayed on the 
website of the regulatory authorities in each country were 
used to analyze their cell storage regulatory system. In 
addition to the regulations, guidelines were identified and 
included in the study. Although the guidelines lack legal 
effect, they are indicative of the general regulatory goals 
of the regulatory authority and thus influence standards, 
especially in Korea [33,34]. However, data from an article 
containing an interview with the representative of a regu-
latory authority in Korea were used when the year of ap-
proval of the disclosed report on the cell storage system 
was found to be out of date [17]. In addition, as hospital 
exemption is applied before MA and does not require MA, 
the regulations and guidelines for hospital exemption 
are excluded. On the website of each regulatory author-

ity, the following key terms were used for data collection 
depending on the research object: “advanced therapy 
medicinal products,” “biological products,” “biologics,” 
“advanced biopharmaceuticals,” “market authorization,” 
“cellular product,” “cell therapy product,” “cell-based me-
dicinal product,” “cell line,” “cell bank,” “donor,” “regen-
erative medicine,” “regenerative medicinal product,” and 
“variation regulation” (Table 1).

Domains Used for Comparison
Identification of allogeneic cell therapy products 
and comparison of cell storage status

Selected cell therapy products were classified to prioritize 
the autologous and allogeneic products within the clas-
sification, and the products were listed according to cell 
type, name, MA holder, approved country, and year of MA. 
To compare allogeneic cell therapy products, the selected 
products were specified. The list was refined according to 
name of product, approved country, indication, and year 
of MA; moreover, the data on the source cell storage sta-
tus for each corresponding product were clearly stated.

Comparison of cell storage systems among 
targeted authorities

A list of the regulations and guidelines of regulatory 
agencies under the targeted authorities was created and 

Table 1. List of regulatory authorities and other organizations used for data collection

Research engine Data type Purpose of data collection Key term

ISCT (www.isctglobal.org) Listed data Identifying cell therapy products Name of listed products
FDA (www.fda.gov)
EMA (www.ema.europa.eu)
PMDA (www.pmda.go.jp)
NIFDS (www.nifds.go.kr)

Report Identifying cell storage status for 
allogeneic cell therapy products

Name of allogeneic cell therapy products

e-CFR (www.ecfr.gov) 
FDA 
EMA 
EUR-Lex (eur-lex.europa.eu) 
PMDA
MHLW (mhlw.go.jp)
Elaws (https://www.e-gov.go.jp/)
MFDS (www.mfds.go.kr)

Regulation 
guideline

Regulations and guidelines related 
to cell storage system

Advanced therapy medicinal products 
Biological products
Biologics
Advanced biopharmaceuticals
Marketing authorization
Cellular product
Cell therapy product
Cell-based medicinal product
Cell line, Cell bank
Donor
Regenerative medicine
Regenerative medicinal product
Variation regulation

ISCT=International Society for Cell & Gene therapy, listed the regulatory authorities, FDA=Food and Drug Administration, EMA=European Medi-
cines Agency, PMDA=Pharmaceuticals and Medical Devices Agency, NIFDS=National Institute of Food and Drug Safety Evaluation, CFR=Code 
of Federal Regulations, MHLW=Ministry of Health, Labour and Welfare, MFDS=Ministry of Food and Drug Safety.
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analyzed. A gap analysis was then conducted based on 
four categories previously mentioned as safety issues in 
Korea: (i) regulatory system for donors, (ii) cell storage 
system, (iii) regulatory system of cell storage test items/
methods, and (iv) regulatory system of cell storage sys-
tem changes for new donors. Ten subcategories were 
generated: (i) regulations concerning donor selection, (ii) 
data related to donor selection, (iii) regulatory system of 
cell banks, (iv) other methods of cell storage, (v) criteria 
used to determine methods of cell storage, (vi) regulatory 

system of cell storage test items, (vii) regulatory system 
of cell storage test methods, (viii) data related to cell 
storage, (ix) changes in MA concerning cell storage sys-
tem for new donors, and (x) other methods of cell storage 
system changes for new donors (Fig. 1).

Each category was classified based on whether it was 
regulated or suggested by the guidelines, and a gap anal-
ysis was then conducted in two steps: first, we analyzed 
the regulatory system of the donors and the method of 
cell storage; second, we analyzed the regulatory system 

Fig. 1. Categorization of cell storage systems for gap analysis and comparison.

Fig. 2. Diagram for selecting and classifying cell therapies that met the inclusion/exclusion criteria.
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of cell storage test items/methods and the regulatory 
system of cell storage system changes for new donors, 
according to the cell storage system of each country. The 
details for each country are subsequently described. As a 
selected cell therapy product may be approved in several 
countries, the number and percentage of each product 
are presented for each country, based on whether the 
product is autologous or allogeneic.

RESULTS

Identification of Allogeneic Cell Therapy Products and 
Comparison of Cell Storage Status
Forty-one cell therapy products approved out of a total of 
80 products were selected from the ISCT website and the 
other sites that include regulatory authority websites and 
papers [35-44]. Thirty-nine products were excluded for 
the following reasons: gene therapy, minimally manipu-
lated products, withdrawn products, and duplicated prod-
ucts. As hematopoietic progenitor cells (HPC) cord prod-
ucts are manufactured as minimally manipulated, they 
were excluded. Additionally, these products have different 
classification criteria in different countries. HPC cord 
products are not classified as good manufacturing prac-
tice (GMP) products in the US [45]. As this study is re-
garding the source cell management system for allogene-
ic cell therapy under GMP of pharmaceutical companies, 
HPC cord products were finally excluded. The proportion 
of autologous cell therapy products (30/41, 73.2%) was 
heavily weighted against allogeneic cell therapy products 
(11/41, 26.8%) (Fig. 2). Various types of source cells are 
used in manufacturing cell therapy. Chondrocytes were 
the most commonly used type for autologous cell thera-
py; keratinocytes, fibroblasts, and stem cells were mostly 
used for allogeneic cell therapy (Table 2).

Cell Storage Status of Allogeneic Cell Therapy Products
From June 2021, ten allogeneic cell therapy products 
satisfied the inclusion/exclusion criteria of this study—
four in the US, two in the EU, one in Japan, and three in 
Korea. Their source cells were organized into three types 
of cell storage systems: cell banks, drug substances, 
and cell stocks (Table 3). The source cells of the mar-
ket authorized allogeneic cell therapy products can be 
cryopreserved as cell banks in the US, Japan, and Korea; 
cell stocks in Korea and the EU [17,46-53]; and drug sub-
stances in Korea [17].

Comparison of Cell Storage Systems Based on 
Regulations and Guidelines 
The regulations and guidelines of governing bodies in the 
US, the EU, Japan, and Korea are presented in Table 4 [54-80]. 
A gap analysis was conducted to compare the regula-
tions and guidelines related to the cell storage system in 
the regulatory authorities (Table 5). 

For all four regulatory authorities, donor selection was 
mandatory under the regulations [11,29,55,65,66,70-72]. 
The relevant data for donor selection were collated based 
on the guidelines of all regulatory agencies except those 
of the EU [13,30,61,63].

For donor selection, data on the medical history and 
infectious diseases of the donor were used to evalu-
ate donor eligibility. These items were defined by reg-
ulations and the detailed information and methods 
suggested by guidelines in the US, Japan, and Korea 
[11,13,30,54,55,61,72]. In contrast, these items were de-
fined by regulations alone in the EU [29,65,66].

All four regulatory frameworks allowed source cell stor-
age as cell banks. However, in the EU and Korea, this was 
carried out according to the rules defined by both the reg-
ulations and guidelines [11,16,29].; in the US and Japan, 
only guidelines were provided [30,61-63,75]. Source cells 
could also be cryopreserved as drug substances in Korea, 
as defined by the regulations, and donor cells could also 
be cryopreserved as cell stocks according to the guide-
lines in the EU and Korea. In Korea, the cell stock-related 
guidelines was published in February 2020. Additional-
ly, the EU has outlined criteria to determine cell stocks; 
these are similar to the Korean guidelines [11,68,78].

The regulatory systems and methods of cell storage 
test items differed between regulatory authorities. For 
related data for cell bank characterization, the rules were 
defined by the regulations and suggested by the guide-
lines [11,12,29]. Both the EU and Korea showed similar 
regulatory patterns by suggesting methods of charac-
terization based on the guidelines [12,16]. Although the 
regulation provided a basis for drug substance manage-
ment in Korea, the EU showed a tendency toward weak 
control of cell stock management based on the guidelines 
[11,68,78].

In the US, the guidelines provided suggestions on cell 
bank characterization [61-63], for which the specific 
test methods were defined by the regulations [56-59]. In 
Japan, the regulations did not define the rules and the 
guidelines acted as suggestions for characterization [74].

http://www.rescp.org
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Table 2. List of selected cell therapies arranged based on the type of cells and cell therapy (autologous or allogeneic) [35-44]

Classification (n) Type of cells Product name Company (approved in) First MA 
(year)

Autologous (30) Adipose cells Queencell Anterogen (Korea) 2010
Cartilage cells Novocart 3Da B. Braun Medical (Switzerland) 2014

CARTIGROW RMS Regrow (India) 2017
Chondrocytes Chondron Sewon Cellontech Co., Ltd. (Korea) 2001

JACC J-TEC (Japan) 2012
MACI Vericel Corporation (US) 2016
Chondrocytes–T–Ortho-ACI Orthocell Pty. Ltd. (Australia) 2017
Spheroxb CO.DON AG (EU)

CO.DON schweiz GmbH (Switzerland) 
2017

CartiLifec Biosolution Co., Ltd. (Korea) 2019
Carticel Genzyme Biosurgery (US) 1997

Dendritic cells CreaVax-RCC JW CreaGene Corporation (Korea) 2007
APCEDENd APAC Biotech (India) 2017

Fibroblasts Rosmir Tego Science, Inc (Korea) 2017
CureSkin S-Biomedics Co., Ltd. (Korea) 2010
laViv Fibrocell Science, Inc. (US) 2011

Keratinocytes Holoderm Tego Science, Inc. (Korea) 2002
KeraHeal Biosolution Co., Ltd. (Korea) 2006
JACE J-TEC (Japan) 2007

Mesenchymal stem cell Cellgram-AMIe Pharmicell Co., Ltd. (Korea) 2011
Cupistemf Anterogen (Korea) 2012
NEURONATA-Rf Corestem, Inc. (Korea) 2014
Stemiraclf Nipro Corporation (Japan) 2018

Osteoblasts RMS Ossron Sewon Cellontech Co., Ltd. (Korea) 2009
OSSGROW RMS Regrow (India) 2017

Stem cells Holoclarg Chiesi Farmaceutici S.p.A. (EU) 2015
HeartSheeth Terumo Corporation, Ltd. (Japan) 2015

T cells Immuncell-LC GC Cell Corp. (Korea) 2007
PROVENGE Dendreon Corporation (US) 2010

Epidermal cell Epicel Genzyme Biosurgery (US) 1998
Corneal epithelial cell Nepic J-TEC (Japan) 2020

Allogeneic (11) Keratinocytes Kaloderm Tego Science, Inc (Korea) 2005
KeraHeal-Allo Biosolution Co., Ltd. (Korea) 2015

Keratinocytes and 
fibroblasts

Gintuit Organogenesis, Inc. (US) 2012

OrcelTM Ortec International (US) 2001
DERMAGRAFT Advanced Tissue Sciences, Inc. (US) 2001
Transcyte Shire Regenerative Medicine, Inc. (US) 1997

Mesenchymal adult  
stem cells

Stempeucel Stempeutics Research (India) 2016

Alofiseli Takeda Pharma (EU, Switzerland) 2018
Mesenchymal stem cell Cartistemj MEDIPOST Co., Ltd. (Korea) 2012

Temcellk JCR Pharmaceuticals Co. Ltd. (Japan) 2015
Prochymall Osiris (Canada, New Zealand) 2012

aCarrier-coupled, bmatrix-associated, cbead-type, dmonocyte-derived mature, ebone marrow-derived, fadipose tissue-derived, ghuman corneal 
epithelial cells containing, hskeletal myoblast, iadipose tissue-derived, jumbilical cord blood-derived, kbone marrow-derived, lhematopoietic 
progenitor cells.
MACI=matrix-induced autologous chondrocyte implantation, ACC=autologous cultured cartilage, ACI=autologous chondrocyte implantation, 
RCC=metastatic renal cell carcinoma, ACE=autologous cultured epidermis, Allogeneic=allogeneic cell therapy products, AMI=acute myocardial 
infarction, RMS=regenerative medical services, autologous, autologous cell therapy products, Co., Ltd.=company, limited, EU=European Union, 
GC=great commitment, GSK=GlaxoSmithKline, Inc.=incorporated, J-TEC=Japan Tissue Engineering Company, JW=Joong Wea, LC=liver cancer, 
MA=marketing authorization, Pty Ltd.=proprietary limited, S.p.A.=società per azioni, US=United States.
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In Korea and Japan, the regulations controlled the 
“change in MA” regarding the manufacturing process re-
lated to donor changes, although detailed criteria are yet 
to be established [11,70,71]. Korea has suggested detailed 
criteria based on the guidelines but Japan did not [79]. If 
the source cells were cryopreserved as a cell bank, both 
the US and EU require approval by the regulatory authori-
ty prior to making donor changes [60,64,67]. Nonetheless, 
in the EU, where the source cells could be cryopreserved 
as a cell stock or cell bank, details of changes need to be 
stated in the submitted documents along with the appli-
cation for product approval [68]. These requirements for 
donor changes in cell stocks applied equally to Korea [78]. 
In the US, while the regulations stated that prior approval 
by the regulatory authority should be attained to establish 
a new cell bank, specific standards were suggested by the 
guideline. Further, the distribution of cell therapy products 
needs to be delayed by at least 30 days after submission 
of the report, following protocol approval at the time of 
biological license application (BLA) [64].

US (FDA)
In the US, the regulations controlled the “data related to 
donor selection,” “cell storage system test methods,” and 
“change of source cells.” The details suggested by the 
guidelines pertained to donor eligibility data and meth-
ods, cell bank characterization and specific test methods, 
and the methods used for donor change and variation 
[55,57-64].

The regulations mandated that donor screening and 
testing be performed, whereas the guidelines suggested 
tests regarding cell preparation, donor screening, do-
nor testing, and product formulation [55,63]. For the cell 
culture procedure that follows the collection of cells, the 
guidelines necessitated tests such as those for quality 
control and adventitious agent control in cell culture [61].

The guidelines provide guidance on the details of donor 
eligibility. For the development and characterization of the 
cell population, the first requirement is data on cell collec-
tion, including the cell type and donor selection criteria. 
Additionally, the exclusion criteria include the presence of 
infectious agents [61]. Accordingly, serological, diagnos-
tic, and clinical history data were collected (Table 6).

Table 3. Cell storage status of allogeneic cell therapy products

Cell storage 
status

Name of product 
(approved) Indication First MA 

(year)

Cell bank Kaloderm (Korea) [17] Deep 2nd-degree burn 
Diabetic foot ulcer

2005

Gintuit (US) [46] Surgically created vascular wound bed in the treatment of 
mucogingival conditions

2012

OrcelTM (US) [47] Treatment of fresh, clean split-thickness donor site wounds in 
burn patients

2001

DERMAGRAFT (US) [48] Treatment of full-thickness diabetic foot ulcers 2001
Transcyte (US) [49] Temporary wound covering for surgically excised full-thickness 

and deep partial-thickness thermal burn wounds in patients who 
require such a covering prior to autograft placement

1997

Temcell (Japan) [50] Acute graft versus host disease following hematopoietic stem cell 
transplantation

2015

Cell stocka Zamoxis (EU) [51] Adjunctive treatment in haploidentical hematopoietic stem cell 
transplantation of adult patients with high-risk hematological 
malignancies

2016

Alofisel (EU) [52] Complex perianal fistulas in patients with Crohn’s disease 2018
Drug substanceb Cartistem (Korea) [17] Osteoarthritis 2012

Keraheal-Allo (Korea) [53] Deep 2nd-degree burn 2015
aThe Korea guideline for cell stock was applied in February 2020. bDrug substance means that the donor cell recovered was cryopreserved 
without cultivation and cell bank. Allogeneic cell therapy was applied to the cell bank following the Advanced Regenerative Bio Act in August 
2020.
EU=European Union, MA=marketing authorization, US=United States.
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The guidelines suggested that information regarding 
the cell storage system, explaining the production of the 
cell therapy product, and details about the materials, such 
as the cells and the cell bank system, be included [63].

Once the cells are screened for the cell line, the guide-
lines suggest that the cell bank system is generated to 
ensure uniformity of cells throughout the production 

cycle [61,62]. The establishment of a cell bank is appro-
priate in cases where cell therapy products are repeatedly 
produced from the source cells. The cell stock should 
be managed by a cell bank system commonly used as a 
“two-tiered system” [61]. To establish the cell bank, tests 
pertaining to the origin of the cells, the process of cell 
storage, characteristics, and the presence of adventitious 

Table 5. Gap analysis and comparison of regulations and guidelines related to cell storage in the US, the EU, Japan, and Korea

Category Sub-categories US (FDA)  
[55-64]

EU (EMA) 
[12,29,65-68]

Japan (MHLW/PMDA)
[30,70–72,74,75]

Korea (MFDS) 
[11,14,16,77-79]

Donor Donor selection ◎ ○ ◎ ◎

Common related 
data

Donor selection 
criteria

Serological, 
diagnostic, and 
clinical history 
data

Donor screening  
and testing 

Donors selection 
criteria 

Laboratory tests 
required for donors

Diagnosis by interview
Examination
Viral safety 

management
Donor screening 

Donor selection 
criteria

Characteristics of 
donor

Medical and social 
history

Screening test

Cell storage 
system

Cell bank △ ◎ △ ◎

Other methods X △

Cell stock
X Drug substance ◎

Cell stock △

Criteria N/A △ N/A Drug substance ○
Cell stock △

Cell storage test 
items/methods

Test items Cell bank △ Cell bank ◎
Cell stock △

Cell bank △ Cell bank ◎
Drug substance ◎
Cell stock △

Test methods Cell bank ○ Cell bank △
Cell stock △

Cell bank △ Cell bank △
Drug substance △
Cell stock △

Related data Cell bank 
Tests for 

characterization

Cell bank 
Tests for 

characterization
Cell stock 
In accordance with 

the cell bank

Cell bank 
Tests for 

characterization

Cell bank 
Tests for 

characterization
Drug substance
Specification and 

test
Cell stock 
In accordance with 

the cell bank
Cell storage 

system 
changes for 
new donors

Change in marketing 
authorization

Cell bank ◎ Cell bank ○
Cell stock X

Cell bank ○ (not clear) Cell bank ◎

Drug substance △
Cell stock X

Other methods Cell bank △  

(submit report)
Cell bank X
Cell stock △ 

(addressed 
in marketing 
authorization)

Cell bank X Cell bank △
Drug substance △
Cell stock △ 

(addressed 
in marketing 
authorization)

◎=mentioned in both regulation and guideline, ○=mentioned in regulation, △=in guideline, X=no data, EU=European Union, EMA=European 
Medicines Agency, FDA=Food and Drug Administration, MFDS=Ministry of Food and Drug Safety, MHLW=Ministry of Health, Labour and Wel-
fare, PMDA=Pharmaceutical and Medical Devices Agency, US=United States.

http://www.rescp.org
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agents were performed (Table 6), as suggested by the 
guidelines [61-63]. Tests for sterility, purity, and identity 
are controlled by the regulations [56-59].

To change an approved license, the FDA submission 
requirements are defined by regulations relating to the 
specific item; however, substantial changes, including 
changes in the cell line or cell bank, are categorized as 
needing prior approval supplement (PAS) [60]. Further-
more, the guideline suggested that a report be submitted 
to the FDA at least 30 days prior to distribution, in the 
case of the establishment of a cell bank based on a new 
human donor. For this to be possible, however, a relevant 
protocol needs to be approved at the time of BLA [64].

EU (EMA)
In the EU, for donors, storage management, and source 
cell variation, regulations define allogeneic cells as the 
starting materials and have set out procedures for dona-
tion, procurement, and testing; cell bank establishment 
and tests during the manufacturing of the active sub-
stance; and master cell bank (MCB) changes [29,65-67]. 
However, guidelines cover cell bank characterization, cell 
stock establishment and changes, and MCB changes 
[12,68].

The regulations state that data should be provided for 
starting material donation, procurement, and testing. 
The strategy and monitoring used when allogeneic cells 
were pooled are described [29]. In addition, the origin and 
history of the cells should be described in a documented 
report, in compliance with the selection criteria for donors 
[65]. Once the cells have been collected from the donor, 
appropriate laboratory tests should be performed to ob-
tain information on the medical and behavioral history 
and infectious diseases (Table 6) [66].

A cell bank can be established for the management of 
the source cells. This process is controlled by the regula-
tions. For this, cell characteristics must remain constant, 
without changes in the number of passages, while per-
forming tests for adventitious agents [29]. For allogeneic 
cell therapy products, a cell bank is recommended when-
ever possible. This is not mandatory but is suggested to 
prevent the introduction of infectious materials [67]. The 
tests performed for cell bank characterization complied 
with the rules stated by the ICH Q5D, as suggested by 
the guidelines [68], and appropriate characterization and 
testing for identity, purity, stability, karyology, and tumori-
genicity were performed (Table 6) [12].

The EMA used the guideline suggestions for the cell 
stock with regard to the “limited number of passages” 
rather than those for the cell bank. In addition, the han-
dling, storage, and release of cells for the cell stock com-
plied with the principles described for the cell bank [68].

The regulations categorize changes in MCB as the vari-
ation in the active substances [67], which is placed under 
the regulation “Extensions of Marketing Authorizations,” 
to follow the same procedure as that for granting the ini-
tial MA to which it is related [69]. However, the details of 
the change in cell stock need to be stated in the submit-
ted documents upon MA application for the product [68].

Japan (MHLW/PMDA)
In Japan, the regulations control the “related data for 
donor selection” and “cell storage test items/methods” 
regarding the manufacturing process and include “change 
in MA” [70-72], whereas the guidelines provide sugges-
tions for donor eligibility testing, cell bank establishment, 
and test items and methods [30,73-75].

The regulations state the requirements for submission 
of data on the manufacturing process [71], whereas the 
guidelines suggest the data required for donor eligibility. 
These data include diagnosis by interview, viral safety 
management, donor screening, and examination [72]. The 
guidelines suggest the inclusion of “acceptance of cells 
as raw materials and clarified concrete treatment con-
tents, necessary process management, and quality con-
trol content” [30].

For donor eligibility, the guidelines suggest donor test-
ing for virus safety management, where the testing is 
performed in accordance with the latest scientific and 
technological standards (Table 6) [30,73,75].

The guidelines suggest that the manufacturing process 
should include cell bank establishment, for which the pro-
duction, characterization, preservation, maintenance, and 
management methods should be described [30,75]. In 
addition, as Japan is an ICH founding member, ICH quali-
ty guidelines have been adopted and managed. Thus, the 
detailed process for cell bank establishment should be 
described, and appropriate characterization and testing 
should be performed (Table 6) [74].

As previously mentioned, the manufacturing process 
includes the establishment of a cell bank, and the reg-
ulations state that the notification procedure, following 
a change in the production method, should include ob-
taining approval by the regulatory authority, when an 
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approved item has to be partially modified, excluding 
minor parts, and when a significant change has to be 
made [70]. For minor changes, a reporting step should be 
included and the items should be specified. In contrast, a 
substantial change corresponds to a change in the pro-
duction method that may influence the inherent features, 
characteristics, performance, and safety of the product in 
question or any change that may affect the quality, safety, 
or effectiveness of the product [71].

However, there is a lack of clearly defined regulations 
regarding whether changes in source cells for allogeneic 
cell therapy products would have an effect on product 
safety and efficacy.

Korea (MFDS)
In Korea, the regulations controls the “data related to do-
nor selection” and “cell storage test items and methods” 
regarding the manufacturing process, including “changes 
in MA” [11]. The data required and the employed methods 
for screen donor eligibility, necessary considerations for 
the cell storage system, specific testing methods for cell 
bank establishment, and quality control test methods 
for drug substances are all suggested by the guidelines 
[13,16,77].

Currently, the regulations mandate the collection of 
data on cell type, donor selection, and tissue typing and 
those on the process of cell collection and proof of donor 
consent upon the collection of cells [11]. This require-
ment corresponds to that for the donor eligibility test. For 
the donor eligibility test, the guidelines suggest that the 
donor should be examined on their medical/social history 
using a questionnaire and that laboratory tests should be 
performed to confirm that the donor tested negative for 
infectious diseases; accordingly, the eligibility is deter-
mined (Table 6) [13].

For cell storage, the regulations are applied differently, 
depending on whether a cell bank has been established 
[11]. However, allogeneic cell therapy should be applied to 
the cell bank, depending on the regulations from August 
2020. As suggested by the regulations, the cell bank is 
defined as “the storage of homogeneous cells obtained 
by culturing cells with identified characteristics under the 
same conditions in the same amount in multiple contain-
ers and under the prescribed conditions” [11].

Where a cell bank is established, characterization tests 
need to be performed. For this, the regulations mandated 
tests regarding identity of cell, purity of cell, potency of 

cell, stability, genetic stability, adventitious agent (Table 6); 
specific methods for cell storage system are suggested 
in the guidelines [80].

The regulations state that specification and test meth-
ods should be established for a given drug substance. The 
relevant data included name, appearance, sterility, free of 
mycoplasma, endotoxin, free from adventitious virus, total 
cell count, cell survival rate, identity, purity, and potency 
(Table 6) [11]. The guidelines suggest specific test meth-
ods in which production intermediates are stored in sev-
eral vials for use in the production of the drug, by which 
the corresponding products could be set as the drug sub-
stance during the manufacturing process [77].

The “manufacturing process” is defined by regulations 
as an item of product authorization; this item should be 
included in the license for the production and sales of 
medicinal products that are considered for changes in 
MA. Except for the manufacturing process or other mi-
nor factors that do not affect product quality, such as a 
change in the manufacturer’s address owing to a change 
in the administrative district, the regulations control all 
cases [11]. To change the source cells, the data should 
be included under “manufacturing process”. Further, the 
guidelines state that donor changes in the cell bank are 
an important factor and should be allowed a “change in 
MA” [78]. 

DISCUSSION

This study investigated and analyzed approved cell 
therapy and the status of cell storage for the selected 
products until 1 June 2021 in the US, the EU, Japan, and 
Korea. A list of cell therapies for analysis was compiled 
based on the products registered in the ISCT website and 
other sites. The regulations and guidelines of the regula-
tory authorities regarding cell storage were also reviewed 
through a gap analysis. Regulatory systems for donors, 
cell storage, cell storage test items/methods, and gov-
erning changes in the cell storage system for new donors 
were evaluated. 

Forty-one approved cell therapy products were select-
ed for this study. Autologous cell therapy is approved 
more than allogeneic cell therapy, which has 11 products 
worldwide. Although allogeneic cell therapy is more com-
mercially efficient, allogeneic cell therapy, such as donor 
eligibility and marketing authorization, is also more diffi-
cult. The source cell of approved allogeneic cell therapy 
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is stored by the storage system, which includes the cell 
bank, cell stock, and drug substance. The cell stock is 
used in the EU, while guideline of the cell stock is applied 
in the EU and Korea. The reason why cell stock is only 
used for cell therapy in the EU is that the guideline for the 
cell stock was reviewed in February 2020, which has not 
yet been commercialized in Korea. The drug substance 
used or stored after cryopreservation without establish-
ing a cell bank is only applied to two products in Korea. 
The drug substance is applied when the number of cells 
obtained from a single donor is limited [17].

Donor selection, donor eligibility, and donor consent 
were processed before the cell storage system was ap-
plied. While the US, Japan, and Korea apply both the 
regulations and guidelines for donors, the regulation for 
donating cells is only provided in the EU, which is Direc-
tive 2004/23/EC and Directive 2006/17/EC. However, the 
regulatory authorities do not have differences in related 
data, which is the requirement for donor selection and do-
nor eligibility determination. In other words, the regulatory 
authorities regulate donor-related data at the same level.

The cell storage system can be controlled by the source 
cell to the cell bank in the four regulatory authorities. The 
other cell storage system is controlled by the cell stock 
in Korea and the EU and the drug substance in Korea 
[11,29,68]. The requirement of the cell stock is stated by 
guidelines that provide criteria for selecting the cell stor-
age system as a limited number of passages [68]. The cell 
stock guidelines of the EU and Korea are similar. The test 
items, test methods, and related data of the cell stock re-
quire equivalent data from the cell bank. The regulations 
and guidelines for drug substances are only available in 
Korea. However, the source cells in allogeneic cell therapy 
should be controlled by the cell bank following the regu-
lations on the Bio-Pharmaceutical Product Approvals and 
Reviews [11]. 

Change in the source cell is shown to be the most thor-
ough regulation in the US. When changing the donor, the 
applicator should be approved before the change. If there 
is a protocol submitted in advance, the report should be 
submitted to the regulatory authority [60,64]. In the EU, 
the cell bank requires prior approval from the regulatory 
authority, such as the US. However, the cell stock guide-
lines suggest that the manufacturer does not need to 
submit data when the detail in variation is clearly stated 
in the submitted document with the Marketing Authoriza-
tion Application [67,68]. In Japan, despite regulations on 

the change in the cell collection and manufacturing pro-
cess, the detailed criteria are yet to be determined [70,71]. 
The process for changing source cell donors in Korea is 
similar to that in the US, except that the report is not sub-
mitted to the regulatory authority [77]. For storage of the 
source cells as the cell bank in Korea, the change in the 
source cells should be regarded as an item of change in 
MA, depending on the guideline [79]. 

Invossa-K® approved for osteoarthritis in Korea was 
withdrawn from marketing authorization in 2019. Invos-
sa-K® was reported to use allogeneic human chondro-
cytes, and allogeneic human chondrocytes introduced 
TGF-β1 as a source cell. However, the source cell used 
for manufacturing invossa-K® was the renal cell named 
GP2-293 instead of human chondrocytes [36]. Kolon Life 
Science Company, who is the manufacturer of invossa-K® 
did not notify that it had already confirmed this fact 
through the short tandem repeat (STR) test. The MFDS 
withdrew the invossa-K® marketing authorization as an 
issue of safety, efficacy, and submission of false data. 
Korea had no source cell regulation for ATMPs, but the 
issue of invossa-K® raised the need for regulation. With 
the coming into force of the Advanced Regenerative Bio 
Act, human cells are now regulated [36,76]. Although in-
vossa-K® was withdrawn in Korea, invossa-K® was deter-
mined to restart phase 3 of its clinical trials in the US [37]. 
The difference in these decisions is due to differences in 
regulation among the regulatory authorities. Harmoni-
zation among regulatory authorities is important for pre-
venting the difference in these decisions. 

Allogeneic cell therapy is more commercially efficient 
than autologous cell therapy and can be approved in two 
or more countries [7,8]. Examples for allogeneic cell ther-
apy include Alofisel® and Prochymal®, which are approved 
in the EU and Switzerland, and Canada and New Zealand, 
respectively. Pharmaceutical companies are focusing on 
the development of allogeneic cell therapy because of its 
effectiveness and impact. Harmonization can prevent the 
unnecessary loss of resources, including clinical trials, 
data analysis, authorization fees, in additional MA. It can 
lay the foundation for pharmaceutical companies to enter 
global markets. In addition, because allogeneic cell ther-
apy is used in relatively small patient groups when com-
pared to chemical products, it is necessary to detect safe-
ty issue and long-term safety and efficacy of allogeneic 
cell therapy in at least two countries. For this process to 
be efficient, harmonization that minimizes the differences 
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in systems of regulation, including cell storage, can help. 
Pharmaceutical inspection co-operation scheme (PIC/
S) leads to international development, implementation, 
and maintenance of harmonized GMP standards. PIC/S 
suggests “Guide to GMP for medicinal products annex 2A 
Manufacturing of ATMPs for human use” in 2021. Source 
cell control is a part connected to GMP, such as the start-
ing material and cell bank part mentioned in the PIC/
S GMP guideline of ATMPs. PIC/S is establishing a high 
level of international harmonization with the PIC/S GMP 
guideline of ATMPs, including source cell control and net-
work among the regulatory authorities [81].

Although allogeneic cell therapy is more commercially 
efficient, and promote a more frequent appearance of 
ATMPs for public health, the safety issues of source cells 
are inherent and fundamental. In particular, source cell 
changes should be managed and validated to ensure the 
safety of allogeneic cell therapy. Therefore, it is necessary 
to establish more detailed criteria for source cell chang-
es in cell storage system. Applying advanced risk-based 
approach (RBA) in the source cell also can be a helpful 
tool to promote short-term and long-term safety [82]. 
In the future, researches which compare the regulations 
and guidelines of the regulatory authorities of RBA are 
needed to find out the harmonization and developing the 
regulatory science in the allogeneic cell therapy including 
source cells.

CONCLUSION

This study analyzed the approved allogeneic cell therapy 
and gap analysis of the cell storage system in the US, the 
EU, Japan, and Korea. Most allogeneic cell therapies use 
the cell bank for cell storage. The gap analysis results in-
dicate that cell storage systems have similar regulations 
and guidelines to regulatory authorities, except for the 
regulation of changes in the source cell. It is necessary to 
establish more detailed criteria for source cell changes in 
cell storage system to ensure the safety of allogeneic cell 
therapy. The regulatory authority may ensure a safer and 
more effective supply of therapy to the public by harmoniz-
ing the regulations associated with allogeneic cell therapy.
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