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Research Article

Analysis of GMP for marketing authorization
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Japan and South Korea
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Aim: This study compared regulatory systems of competent authorities related to GMP for marketing
authorization of advanced therapy medicinal products (ATMPs). Methods: Dossiers for GMP and
regulations and guidelines for facilities and equipment were analyzed using gap analysis. The risk-based
approach (RBA) and GMP inspection were evaluated with regulations and guidelines. Results: The dossier
was similar for the competent authorities. However, whereas a site master file is required in the EU, Japan
and South Korea, the US requires only a biologics license application. The regulations and guidelines
of facilities and equipment emphasized preventing contamination. There are differences among the
competent authorities in GMP inspection and RBAs. Conclusion: Differences among the competent
authorities in the marketing authorization process related to GMP for ATMPs should be considered.
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Advanced therapy medicinal products (ATMPs) have recently emerged as new therapeutic agents for incurable
diseases [1–4]. ATMPs are classified as cell therapy, gene therapy, tissue engineering and combined ATMP, depending
on their origin, type and use [3]. Overall, 47 cell and 23 gene therapy products have been approved according to the
International Society for Cell and Gene Therapy Committee on the Ethics of Cell and Gene Therapy, and recent
authorization information (Supplementary Material) [5–12].
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ATMPs have different risk analysis, quality, safety and efficacy issues because they involve more complex
manufacturing processes and their mechanisms are not well understood, and also because of the variability of
starting materials [2,13,14]. The manufacturing of ATMPs requires strict control, using regulations and guidelines
for marketing authorization, GMP and a risk-based approach (RBA) to ensure quality, safety and efficacy of the
products [1,15,16]. Although many competent authorities are the founding members of the International Conference
of Harmonization (ICH) and pharmaceutical inspection cooperation scheme (PIC/S) to provide high-quality
products, the regulations in the competent authorities are different, and the difference is a hurdle for global
marketing authorization [13,17].

One study analyzed the marketing regulatory oversight of ATMPs in the EU. The study informed the overall
regulatory framework for ATMPs and the requirements for ATMP quality and manufacturing. Owing to the
diversity and characteristics of ATMPs, a flexible strategy was reported to reduce risk factors and ensure quality,
safety and efficacy [15]. Another study compared the GMP regulation of cell therapy with three ICH members:
Canada, the USA and the EU. The study focused on manufacturers that should meet the GMP standards in
academic facilities as well as industrial facilities, although there are differences in GMP regulatory methods in
Canada, the US and the EU [13].

GMP for ATMPs is an important part of new drug development and marketing authorization. The GMP
regulation system for ATMPs are different for each competent authority. Recently published studies analyzed
the overall regulatory frameworks for ATMPs and compared GMP regulation of cell therapy with three ICH
members. However, study of the GMP regulatory system for ATMPs in the context of marketing authorization is
still insufficient. For development of ATMPs, it is necessary to determine the regulatory system of each competent
authority and the latest development trends for GMP for ATMP marketing authorization. This study was therefore
performed to compare the dossier for GMP; regulation and guidelines for facilities and equipment; the RBA for
GMP; and GMP inspection for marketing authorization in the USA, the EU, Japan and South Korea.

Materials & methods
This study targeted the GMP for marketing authorization of ATMPs in the USA, the EU, Japan and South
Korea and compared their competent authorities. The competent authorities have approved many ATMPs and are
the founding members of the ICH and PIC/S [5–12,17]. The ATMPs have different definitions and classifications
among the competent authorities, and this study applied the following exclusion criteria. The human cells and
tissues and cellular and tissue-based products (HCT/Ps) in the US that are minimally manipulated and intended
for homologous use under section 361 of the Public Health Service were excluded because the products do not
require premarket approval [18–22]. Regenerative medicine used as an academic or clinical research product in
Japan and South Korea was excluded because regenerative medicine does not require market approval [17,23,24].
In addition, although manufacturing sites for investigational ATMPs used for clinical trials should be applied the
GMP, investigational ATMPs were excluded in this study [13,25].

The dossier for GMP, regulations and guidelines for facilities and equipment, the RBA for GMP and GMP
inspection for marketing authorization were analyzed according to regulations and guidelines of each competent
authority (Table 1). Gap analysis was undertaken to compare each competent authority: the GMP dossier for
marketing authorization (each competent authority) and regulations and guidelines for facilities and equipment
at the manufacturing site (each competent authority and PIC/S). Gap analysis of regulations and guidelines of
facilities and equipment was performed on the manufacturing sites, including workroom, work area, laboratory
and storage area. The PIC/S guideline is also considered in gap analysis of regulations and guidelines to confirm
harmonization and differences among the competent authorities. GMP inspection for marketing authorization
was analyzed for the competent authorities. Because each competent authority has a different RBA and GMP
inspection, the RBA and GMP inspection were evaluated without gap analysis.

The regulations were searched using the legislation platforms of each competent authority, including e-Code of
Federal Regulations (CFR; www.ecfr.gov) and EUR-Lex (eur-lex.europa.eu), the National Law Information Center
(www.law.go.kr) and E-laws (https://elaws.e-gov.go.jp). The guidelines and other information were collected from
competent authority websites, including the FDA (www.fda.gov/), EMA (www.ema.europa.eu/en), Pharmaceutical
and Medicals Devices Agency (PMDA; www.pmda.go.jp/index.html), Ministry of Health, Labour and Welfare
(MHLW; www.mhlw.go.jp/index.html) and Ministry of Food and Drug Safety (MFDS) websites (www.mfds.go.
kr/index.do).
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Table 1. Regulations and guidelines for GMP for marketing authorization.
Jurisdiction Regulation Guideline Others

FDA (US) • 21 CFR 211 – CGMP for Finished Pharmaceuticals
• 21 CFR 314 – Applications for FDA approval to market a
new drug
• 21 CFR 600 – Biological products general
• 21 CFR 601 – Licensing
• 21 CFR 1271 – HCT/Ps

• Guidance for Industry – Current Good Tissue Practice
(CGTP) and Additional Requirements for Manufacturers of
Human Cells, Tissues, and Cellular and Tissue-Based Products
(HCT/Ps)
• Guidance for industry-sterile drug products produced by
aseptic processing-current good manufacturing practice
• Compliance Guidance Manual Chapter – 45 Biological
Drug Products
• SOPP 8401: Administration Processing of Original Biologics
License Applications (BLA) and New Drug Applications
(NDA)
• SOPP 8410: Determining when Pre-License/Pre-Approval
Inspections are Necessary

• FDA form-356h –
Application to market
a new or abbreviated
new drug or biological
for human use
• FDA form-483 –
Notice of Inspectional
Observation

EMA
(European)

• Regulation (EC) No. 1394/2007
• Regulation (EC) No. 726/2004
• Directive 2001/83/EC
• Directive 2003/94/EC

• Procedural Advice on the evaluation of advanced therapy
medicinal products in accordance with Article 8 of
Regulation (EC) No 1394/2007
• Guidelines on GMP Manufacturing Practice specific to
Advanced Therapy Medicinal Products
• Compilation of Union Procedures on Inspections and
Exchange of Information
• Explanatory Notes on the preparation of a Site Master File
• European Medicines Agency pre-authorisation procedural
advice for users of the centralised procedure

–

PMDA/MHLW
(Japan)

• Act of Law on Securing Quality, Efficacy and Safety of
Products including Pharmaceuticals and Medical Devices
• Enforcement Rule of Law on Securing Quality, Efficacy
and Safety of Products including Pharmaceuticals and
Medical Devices
• Regulation for structural equipment for pharmacy, etc.
• Ordinance on standards for manufacturing
management and quality control of regenerative
medicinal products, etc.

• Confirmation of the status of pre-approval GMP
compliance inspection for new drug
• Submission Documents for Application of Drug
Compliance Inspection
• Guidelines for aseptic manufacturing of products for
regenerative medicinal products
• Guidance on GCTP/GQP/regulations for buildings and
facilities compliance division director notice 1009 No. 1
• Guideline for manufacturing of aseptic medicinal products

• GMP Inspection by
PMDA

MFDS
(South Korea)

• Advanced Regenerative Medicine and Advanced
Biopharmaceuticals Safety and Support Act
• Enforcement Decree of Advanced Regenerative
Medicine and Advanced Biopharmaceutical Safety and
Support Act
• Enforcement Rule of Advanced Biopharmaceuticals
Safety and Support
• Regulations on the Biopharmaceutical Product
Approvals and Reviews
• Regulations on the ‘human cell,’ etc. and advanced
biopharmaceutical approval and safety, etc.
• Decree on facility standards for manufacturing business
and importers of drugs, etc.
• Annex I manufacturing of sterile medicinal products of
Regulation on good manufacturing practice to medicinal
products

• Guidelines on good manufacturing practice specific to
advanced biopharmaceutical
• Guideline on good manufacturing practice to cell therapy

–

CFR: Code of Federal Regulations; CGMP: Current GMP; EC: European Commission; GCTP: Good gene, cellular, and tissue-based products manufacturing practice; GQP: Good quality
practice; MFDS: Ministry of Food and Drug Safety; MHLW: Ministry of Health, Labor and Welfare; PMDA: Pharmaceuticals and Medical Devices Agency; SOPP: Standard operating
procedures and policies.

Results
Dossier for the GMP of ATMPs for marketing authorization
Procedures for evaluation of GMP may be conducted at the manufacturing site for marketing authorization to
ensure compliance with applicable requirements. For GMP related to marketing authorization, inspection teams
may also ask for information related to the manufacturing site and operations. The inspection team verifies the
details relating to the manufacture and control of a product that were provided in a marketing authorization
application (MAA). The MAA is a procedure to ensure the quality, safety and efficacy of ATMPs. When marketing
authorization is performed to approve ATMPS, the MAA dossier of ATMPs is submitted to the competent authority
and follows the common technical document format [26,27].

In the EU, the inspection team requests a site master file and verifies the details relating to the manufacture and
control of the ATMPs that were provided in the MAA. The site master file contains information related to the
overall GMP, including general information on the manufacturer, quality management system of the manufacturer,
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personnel, premises, equipment and production [28,29]. The ATMPs MAA in Article 7 of Regulation (EC) No.
1394/2007 specifies that this MAA shall comply with Article 6 of Regulation (EC) No. 726/2004 [21,30]. Following
Article 6 of Regulation (EC) No. 726/2004, the application for the ATMPs authorization shall be included entirely
in the documents, as referred to in Article 8(3), 10, 10a, 10b or 11, and Annex I of Directive 2001/83/EC [31].
Quality document overlapped with GMP in Article 8 of the Directive 2001/83/EC is included in ‘Evaluation of
the potential environmental risks posed by the medicinal product’; ‘Description of the manufacturing method’;
‘Description of the control methods employed by the manufacturer’; ‘A written confirmation that the manufacturer
of the medicinal product has verified compliance of the manufacturer of the active substance with principles and
guidelines of GMP by conducting audits, in accordance with point (f ) of Article 46’; and ‘A document showing
that the manufacturer is authorized in his own country to produce medicinal products’ [2,19]. Guidelines on GMP
specific to ATMPs are also provided to apply the RBA in the GMP to comply with the GMP and to ensure quality
according to the specific risk of ATMPs and the manufacturing process [32].

In the USA, GMP for marketing authorization of HCT/Ps is conducted with verification of sections of a biologics
license application (BLA), including facility and equipment information, batch record and other information, and
does not require additional documents such as a site master file [33]. Application in the US should be submitted
through the BLA to the Center of Biologics Evaluation and Research. The BLA of the HCT/Ps uses FDA Form
356h,‘Application to Market a New or Abbreviated New Drug or Biologic for Human Use’ [18,34,35]. This form
regulates 21 CFR parts 314 and 601 and includes 20 items [34]. The items for GMP are included in ‘Chemistry
section,’ ‘Establishment description’ and ‘Field Copy Certification.’ The ‘Chemistry section’ is composed of the
following three subitems: ‘Chemistry, manufacturing, and controls information’; ‘Samples’; and ‘Methods validation
package’ [34].

In Japan, a GMP dossier for marketing authorization is required to submit to the PMDA and includes an
inspection application and MAA. The inspection application comprises a checklist related to regenerative medicinal
products and manufacturing sites. Additional documents for GMP are required, including standard operating
procedures, testing and control of products, status of process validation and status of standards for biological
ingredients. If the site master file is at least equal to the additional documents, these documents can be replaced
with the site master file [36,37]. The regenerative medicinal products MAA is regulated in 21, 23 of Article 137 of the
Order for Enforcement of the Act on Securing Quality, Efficacy, and Safety of Products Including Pharmaceuticals
and Medical Devices (PMD Act) [38]. The GMP dossier in Article 137 of the PMD Act is included in ‘Copy of
the manufacturing and marketing authorization for the medicinal products’ and ‘Data on manufacturing methods
and specification and testing methods, etc’ [38].

In South Korea, the site master file related to GMP for marketing authorization is contained in the MAA.
For marketing authorization of advanced biopharmaceuticals in South Korea, the application is explained in the
regulations that contain Article 23 of the Advanced Regenerative Medicine and Advanced Biopharmaceuticals
Safety and Support Act (i.e., Advanced Regenerative Bio Act) and Article 5 of the Regulations on the Biopharma-
ceutical Product Approvals and Reviews [23,39,40]. The GMP dossier is included in ‘Data on manufacturing and
quality control standards and testing method’ and ‘Data necessary for evaluating the implementation status of
manufacturing and quality control standards’ in Article 23 of the Advanced Regenerative Bio Act [23]. Number 2
additionally consisted of subitems ‘Site master file’, ‘Data on the facility and environmental management related
to the product’, ‘Data on quality control (guarantee) system’, ‘Copy of product standards and manufacturing and
quality control records related to the product’ and ‘Data on validation related to the product’ [40].

A gap analysis of the dossier for GMP was conducted for marketing authorization (Table 2). The South Korea
dossier does not include the ‘Manufacturing method’ and ‘Site certification’. All items should be submitted for
GMP in the USA and the EU. Because the Japanese dossier is different in composition, it is excluded from the gap
analysis. The site master file is required for the evaluation of GMP in the EU, Japan and South Korea; however,
the USA only requires BLA.

Regulations & guidelines for facilities & equipment at the ATMP manufacturing sites
The USA, EU, Japan and South Korea are members of the ICH and PIC/S. PIC/S tries to provide high-quality,
safe products and international marketing authorization by supplying and sharing ATMPs GMP guidelines.
GMP guideline for ATMPs was recently published in the PIC/S to provide global harmonization of GMP for
ATMPs [41,42]. To confirm the harmonization and differences between the competent authorities and the PIC/S
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Table 2. Gap analysis of the GMP dossier for marketing authorization with the USA, the EU and South Korea.
Items Competent authorities†

USA (FDA) EU (EMA) South Korea (MFDS)

Establishment description O O O

Manufacturing method O O X

Manufacturing control O O O

Quality control O O O

Environmental assessment O O O

Validation data O O O

Site master file X O O

O: Mentioned in regulation or guideline; X: No data.
†As the dossier for GMP in Japan is different from other competent authorities, it is excluded from Table 2.
MFDS: Ministry of Food and Drug Safety.

Table 3. Gap analysis of the regulations and guidelines of facilities and equipment at the ATMPs manufacturing sites.
Manufacturing site Regulation/guideline

PIC/S† US‡ (FDA) EU§ (EMA) Japan¶

(PMDA/MHLW)
South Korea#

(MFDS)

Workroom

Prevention of mix-up and cross-contamination O O / O X / O O / O X / O

Water facility O O / X X / O O / O O / O

Changing room and ancillary area O O / X X / O O / O O / O

Cleaning and sanitation O O / O X / O X / O O / O

Air handling unit O O / O X / O O / O O / O

Equipment and instrument for testing and inspection X X / X X / X O / O O / X

Working area

BSC X X / X X / O X / O X / O

Isolator system O X / O X / O X / O X / O

Fill/blow/seal system O X / O X / X X / O X / O

RABS X X / X X / X X / O X / X

Working room for weighing raw material and filling/packaging the container O O / X X / O O / O O / X

Working room for drying, sterilizing, and storing the container X X / X X / X O / O O / X

Laboratory

Microbiology laboratory X X / O X / X X / X O / X

Animal laboratory X O / X X / X X / X O / X

Sterile laboratory X O / X X / X O / X O / X

Quality control laboratory X X / X X / O X / X X / O

Storage area O O / O X / O O / O O / O

Facilities for ATMPs X X / X X / X O / O X / X

O: Mentioned in regulation or guideline, X: no data.
†Guideline used: Guide to good manufacturing practice for medicinal products annexes.
‡Regulation used: 21 CFR parts 211, 600 and 1271. Guidelines used: Guidance for industry-current good tissue practice (CGTP) and additional requirements for manufacturers of human
cells, tissues, and cellular and tissue-based products (HCT/Ps); Guidance for industry-sterile drug products produced by aseptic processing-current good manufacturing practice.
§Regulation used: Directive 2003/94/EC. Guidelines used: Guidelines on good manufacturing practice specific to advanced therapy medicinal products.
¶Regulation used: Regulation for structural equipment for pharmacy, etc., Ordinance on standards for manufacturing management and quality control of regenerative medicinal products,
etc. Guideline used: Guidelines for aseptic manufacturing of products for regenerative medicinal products, Guideline for manufacturing of aseptic medicinal products, Guidance on
GCTP/GQP/regulations for buildings and facilities compliance division director notice 1009 No. 1.
#Regulation used: Regulation on the ‘human cell’, etc. and advanced biopharmaceutical approval and safety, etc.; Decree on facility standards for manufacturing business and importers
of drugs; Annex I manufacturing of sterile medicinal products of Regulation on good manufacturing practice to medicinal products. Guideline used: Guidelines on good manufacturing
practice specific to advanced biopharmaceutical, Guideline on good manufacturing practice to cell therapy.
ATMPs: Advanced therapy medicinal products; BSC: Biosafety cabinet; MHLW: Ministry of Health, Labor and Welfare; MFDS: Ministry of Food and Drug Safety; PIC/S: Pharmaceutical
Inspection Co-operation Scheme; PMDA: Pharmaceuticals and Medical Devices Agency; RABS: Restricted access barrier system.

guidelines, a gap analysis for the facility and equipment at the ATMPs manufacturing sites was conducted to
identify and analyze the four competent authorities and PIC/S (Table 3).
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In the EU, the GMP of ATMPs is regulated by medical products for human use by Directive 2003/94/EC.
Because Directive 2003/94/EC regulates general information on facilities and equipment at the manufacturing
site, specific regulations are not provided [30,43,44]. The GMP guidelines for the ATMPs are supplied. The guideline
contents include the prevention of mix-up and cross-contamination, cleaning agents and disinfectants, air handling
units, laboratories and storage areas [32].

In the USA, the HCT/Ps GMP should comply with 21 CFR Parts 211, 600 and 1271 subpart D – Current
Good Tissue Practice (CGTP), which regulates HCT/Ps to prevent the introduction, transmission or spread of
communicable disease [19,45,46]. The USA applies supplement 21 CFR Part 1271 subpart D called Guidance for
Industry – CGTP and Additional Requirements for Manufacturers of HCT/Ps. This guidance is in the form of
questions and answers [47]. GMP guidance for sterile drugs is also applied to HCT/Ps because terminal sterilization
is often impossible for HCT/Ps [48].

Regenerative medicinal products and advanced biopharmaceuticals in Japan and South Korea have applied specific
regulations for facilities and equipment at manufacturing sites [49–51]. The facilities and equipment regulations in
South Korea are applied to medicinal products, including advanced biopharmaceuticals, whereas those in Japan
are only applied to regenerative medicinal products. Japan and South Korea regulations cover workrooms, working
areas, laboratories and storage areas [49–51]. The Japanese guidelines are also designed for aseptic manipulation of
regenerative medicinal products at the manufacturing site and to supplement the regulations. The water facility,
fill/blow/seal system and storage area apply the GMP guidelines for medical products in Japan [52–54]. South Korea
additionally applies the GMP guidelines for cell therapy as well as advanced biopharmaceuticals [55].

Although fill/blow/seal system in the EU are checked ‘No’ in gap analysis, guidelines for facilities and equipment
required by PIC/S guidelines are harmonized in the competent authorities (Table 3). The fill/blow/seal system
in the EU are guided in Annex I of Part I of the GMP guidelines published in Volume 4 of Eudralex. However,
unless a specific reference is made in the Guidelines on GMP specific to ATMPs, other documents that are
contained in Volume 4 are not applicable to ATMPs [32]. Therefore, the fill/blow/seal system were checked ‘No’
in the gap analysis. Further, all competent authorities must consider preventing mix-up, cross-contamination and
contamination of particles and microbes through the gap analysis [56]. All competent authorities have regulations or
guidelines for the prevention of mix-up and cross-contamination, changing room and ancillary area, cleaning and
sanitation and air handling unit. Although the EU does not have requirements regarding fill/blow/seal or restricted
access barrier systems, these cabinets are also important for preventing contamination, which can maintain the grade
of the clean area [46,52,57]. In addition, Japan’s guidelines suggest a requirement facility for ATMPs, including an
area for handling cells and microbes, animal management facilities for use and management facilities of equipment
and instruments used in ATMPs manufacturing or testing [52].

Risk-based approach for GMP in marketing authorization
The RBA in ATMP manufacturing sites is applied to ensure the quality of the manufacturing process and ultimately
the safety of the patient [44]. Whereas the USA, EU and South Korea provide guidelines for the RBA at the ATMPs
manufacturing site, Japan only provides the presentation file in PMDA, a competent authority in Japan. These
guidelines include risk-based planning, management scope and frequency by applying the RBA program, but the
Japanese presentation file indicates whether on-site inspections are conducted [29,32,33,58].

The EU and South Korea have similar GMP guidelines specific to ATMPs, including the RBA [32,53]. According
to the guidelines, the RBA brings flexibility in manufacturing sites, and manufacturers can design appropriate
measures to minimize the potential risks to ensure quality and compliance with GMP. When applying the RBA
at the ATMPs manufacturing sites, manufacturers comply with relevant regulations and ensure adequate risk
management [15,32,53].

In the EU, the quality risk management tool based on the RBA is additionally used to determine the frequency,
depth and breadth of the ATMPs manufacturing site inspection to maintain a high level of safety (Table 4) [29]. Risk
ranking for inspection at the sites is assigned by the tool, which includes an intrinsic and compliance-related risk.
The intrinsic risk refers to the complexity of manufacturing sites, processing, products and the criticality of products
or services, such as analytical testing. The intrinsic risk is scored based on indicators. For example, large sites are
graded as more complex, and sterile sites always have high complexity (Figure 1) [29]. For compliance-related risk, the
classification and number of deficiencies based on the late routine inspection at the site are determined to estimate
the GMP compliance status. If a high risk is issued in the compliance-related risk, the ATMPs manufacturing site
requires nonroutine reinspection, and manufacturing authorization may be revoked or varied. Overall risk, which
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Table 4. Summary for the risk-based approach for GMP in marketing authorization.
Category USA (FDA) EU (EMA) Japan (PMDA/MHLW)

Application of the RBA Decide inspection options, Level I and Level
II inspection
� Level I inspection (full)

– Three critical element†

– At least four key systems‡

� Level II inspection (abbreviated)
– Three critical element
– Two key systems

Assign risk ranking for each site
� Intrinsic risk:

– Complexity: 1 (low)–3 (high)
– Criticality: 1 (low)–3 (high)

� Compliance related risk:
– Critical deficiencies ≥1 or major

deficiencies ≥5: high
– 1–5 major deficiencies: medium
– No major or critical deficiencies: low

� Overall risk rating
– Low risk: A
– Medium risk: B
– High risk: C

Decide inspection options, on-site
and desk-top inspection
� The items to be evaluated at risk
analysis:

– Sorts of product
– Manufacturing process
– Dosage form
– Inspection history by foreign

inspectorates
– Past GMP noncompliance
– Past recall history
– Inspection by PMDA
– Site information

Frequency of inspection � Basic biennial schedule (If necessary, more
frequent inspections)

� Overall risk-based rating:
– Risk rating A: 2–3 years
– Risk rating B: 1–2 years
– Risk rating C: �1 year

–

Expenditure of inspection time – � Aseptically prepared ≥10 days
� Cell therapy product ≥7 days
� Gene therapy product ≥7 days

–

Scope of the next routine inspection – � Four section of the next routine
inspection

– Focus, depth
– Required duration
– Required number of inspectors
– Specific competence or expertise

–

†Three critical elements: standard operating procedures, training and records.
‡Seven key systems: quality, facilities and equipment, materials, production, packaging and labeling, laboratory control and donor eligibility systems.
ATMPs: Advanced therapy medicinal products; PMDA: Pharmaceuticals and Medical Devices Agency; MFDS: Ministry of Food and Drug Safety; MHLW: Ministry of Health, Labor and
Welfare.

Table 5. Factors for setting the expenditure of inspection time and the scope of next inspection in the EU.
Category Factors

Expenditure of
inspection time

� The type of inspection
� The complexity of the site
� The complexity of the manufacturing process
� The complexity of the product and its therapeutic significance
� The patient exposure
� The compliance history of the site

Scope of next routine
inspection

� Overall compliance status and history of the facility
� Results of product testing by OMCLs
� Number and significance of quality defects
� Marketing authorization variations affecting the site
� A failure to implement a marketing authorization variation on time
� Compliance information from trusted authorities outside the EU

OMCL: Official medicines control laboratory.

combines intrinsic and compliance-related risk, represents the overall risk rating at the ATMPs manufacturing
site [29].

Risk ratings in the EU affect routine inspection frequency and time expenditure. The routine inspection frequency
is recommended by the overall risk rating [29]. For example, two manufacturing sites are graded as risk rating B,
and the routine inspection frequency is 1 to 2 years. One has five major deficiencies, and the other has only one
major deficiency. The manufacturing site with five major deficiencies is inspected closer to the 1-year frequency,
and the other is inspected closer to the 2-year frequency. The expenditure of time, which is the time required for
inspecting the manufacturing site, is adjusted depending on certain factors (Table 5) [29]. In particular, cell therapy
and gene therapy included in ATMPs require at least 7 days for overall inspection. For aseptic preparation, at least
10 inspection days are required. The scope of the next routine inspection is not decided by the risk rating. Instead,
the quality risk management methodology requires factors for the next routine inspection scope (Table 5). The
scope should be updated regularly when new information is received before the next routine inspection [29].
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Sterile and aseptic manufacturing processes
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Figure 1. Indicators for rating the intrinsic risk in the EU.

In the USA, the RBA is referred to as a risk-based program or system-based risk management approach [33]. The
risk-based program identifies seven key systems and three critical elements for conducting inspections at the ATMPs
manufacturing sites (Table 4). Facilities and equipment system among the seven key systems includes verifying the
appropriate physical environment used in the production of HCT/Ps. The system should comply with 21 CFR
parts 211, 600, and 1271 [33].

For GMP inspection at the HCT/Ps manufacturing site, the risk-based program decides inspection options:
Level I (full) and Level II (abbreviated) inspection [33]. Two levels of inspection enable the efficient evaluation
of compliance and an in-depth audit of the critical elements. The inspection-level identification depends on the
conditions (Table 6). By applying Level I inspection, the manufacturing site should prepare all critical elements
in at least four key systems [33]. The four key systems in HCT/Ps manufacturing sites should include quality,
production and donor eligibility systems. Level II inspection should comprise a streamlined evaluation that includes
two key systems: the quality system and the other rotated during successive inspections [33].

In Japan, RBA is applied to select the GMP inspection method – that is, an on-site or desk-top inspection. If
the on-site inspection is conducted using the RBA, data are accumulated by inspection information, such as the
site’s rank after finishing the inspection. The items are evaluated in the risk analysis (Table 4) [58].

GMP inspection of ATMPs for marketing authorization (if recommended)
GMP inspection can be conducted for marketing authorization by competent authorities if GMP inspection of
the manufacturing site is recommended to ensure compliance with the applicable requirements. The purpose of
conducting a GMP inspection in the marketing authorization procedure is to verify specific GMP-related issues
identified during the review of a marketing authorization [13,59]. The ATMPs manufacturing site requires flexible
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Table 6. Conditions for selecting GMP inspection level in the USA.
Inspection Conditions

Level I � Initial GMP inspection
� History of compliance problems
� Compliance follow-up inspection
� Firm under a Consent Decree of Permanent Injunction
� Firm under Notice of Intent to Revoke and/or other administrative actions
� Implementing significant changes
� Conducting two previous inspections under a Level II inspection

Level II � Satisfactory history of compliance, e.g., at least two successive NAI or VAI inspections
� One of the two previous routinely inspections is a Level I inspection
� No specific trends that have a significant impact on products safety or quality in inspection
preparation procedures

NAI: No action indicator; VAI: Voluntary action indicator.

inspection because there are differences in manufacturing processes, facilities and equipment depending on the
products. Therefore, RBA programs are applied to efficiently assess ATMPs and manufacturing process risks [1].

In the EU, ATMPs are inspected following a centralized system for marketing authorization [26,29,31,44]. The
Committee for Medicinal Products for Human Use (CHMP) determines the need for GMP inspection during
the marketing authorization process for ATMPs at manufacturing sites in the EU or a country outside the EU.
Supervisory authorities and GMP inspectors of EU member states are designated for the GMP inspection [29,30,60,61].
The inspectors are composed of the EU member states where the manufacturing site is located or the product is
imported. After deciding whether to conduct an inspection and designating the supervisory authority for GMP
inspection, GMP inspection is conducted using the corporate GXP application and the quality risk management
tool based on the RBA. After the GMP inspection, the relevant report is sent to the CHMP. The CHMP checks
and returns the inspection report to the authorities to explain the reasons for nonacceptance, revision, reinspection
or other remedial actions. The next routine inspection is planned in consultation with supervisory authorities
(Figure 2B) [29,60–62]. The routine inspection for manufacturing sites located in the EU is performed by national
competent authorities. If the manufacturing site is found to be correctly controlled during routine inspection, the
national competent authorities issue GMP certification for the site. Routine inspection is an independent process
from the MAA, and the CHMP is not responsible for routine inspection [29].

In the USA, after submitting the HCT/Ps MAA, a prelicense inspection (PLI) or preapproval inspection
(PAL) can be determined and performed by the Division of Manufacturing and Product Quality for marketing
authorization [33,63–65]. The PLI or PAL is conducted to ensure that the BLA is submitted and in compliance with
the requirements at the manufacturing site. All manufacturing sites should be inspected for Level I inspection of
the risk-based program. If the manufacturing site is found to require inspectional observation during the PLI or
PAL, FDA Form 483, ‘Notice of Inspectional Observation’, is issued. Manufacturers should submit and resolve a
corrective plan for FDA Form 483 (Figure 2A) [33,65,66]. Depending on the GMP inspection findings, the site is
issued a no-action indicator (NAI), a voluntary action indicator (VAI) or an official action indicator (OAI) [33].
The NAI means that no action is required, and the firm is considered to operate in a state of control. However,
VAI or OAI means that the firm must develop a corrective action plan. Especially for an OAI, warning letters
that include license revocation, license suspension, seizure, injunction and prosecution may be issued to the firm.
In addition, GMP inspection is routinely performed on a biennial schedule by a biologics team. Afterward, the
risk-based program is scheduled to determine whether a Level I or Level II inspection will be necessary (Figure 2D
and Table 5) [33].

For GMP inspection in Japan, the Office of Manufacturing Quality for Drugs (OMQD) performs and manages
inspection for new drugs. The GMP/Good gene-, cellular- and tissue-based products manufacturing practice
(GCTP) inspection team of the OMQD evaluates the manufacturing site of regenerative medicinal products [67].
GMP inspection involves two methods determined by RBA. One is a desktop inspection that evaluates only the
GMP dossiers. The other is an on-site inspection by the GMP/GCTP inspection team [36]. On-site inspection can
also be selected if the manufacturing site does not receive on-site inspection for 2 years [68]. Whereas the desktop
inspection only requires inquiry and notification of the result, the on-site inspection has other processes, including
the issuance of observation and correction plan/report for observation (Figure 2C) [36].

In South Korea, the Biopharmaceutical Quality Management Division manages the GMP of advanced biophar-
maceuticals [69]. However, the GMP inspection for advanced biopharmaceuticals is not specified in the regulations
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Figure 2. The ATMP GMP inspection procedure for marketing authorization in the USA, EU and Japan. (A) The GMP inspection for
marketing authorization procedure is indicated by red text; case control in the GMP inspection is indicated with dotted boxes. (B) Routine
GMP inspection in the US is conducted as necessary after marketing authorization is complete and is separate from marketing
authorization.
BLA: Biologics license application; CAT: Committee for Advanced Therapies; CHMP: Committee for Medicinal Products for Human Use; EC:
European Commission; EIR: Establishment inspection report; LoOI: List of outstanding issues; LoQ: List of questions; NAI: No action
indicator; OAI: Official action indicator; OTAT: Office of Tissues and Advanced Therapies; RBA, Risk-based approach; REMS: Risk evaluation
and mitigation strategies; RMP: Risk management plan; VAI: Voluntary action indicator.

and guidelines of the MFDS. In Appendix 12 of “Enforcement Rule of Advanced Biopharmaceuticals Safety and
Support”, only the required duration for the dossier evaluation is provided [39]. In this regulation, the required
duration for evaluating ‘Data on manufacturing and quality control standards and testing method’ and ‘Data
necessary for evaluating the implementation status of manufacturing and quality control standards’ is 115 and
90 days, respectively [39].

Discussion
This study investigated and compared the regulations and guidelines of GMP for marketing authorization for
ATMPs in the USA, EU, Japan and South Korea. The GMP dossier for marketing authorization and regulations
and guidelines for facilities and equipment at the ATMP manufacturing sites were analyzed using gap analysis. The
RBA for GMP and the GMP inspection for marketing authorization were evaluated by analyzing regulations and
guidelines.
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The gap analysis showed that the items in the GMP dossier for marketing authorization were similar in the
USA, EU and South Korea (Table 2). The manufacturing method in the gap analysis was not included in South
Korea. This item can be found in the specification and test method, which is another dossier item for assessing
products [39,40]. The site master file is required in the EU, Japan and South Korea; however, the USA requires only
the BLA. Whereas the EU inspection team requires the site master file before inspecting the manufacturing site,
Japan requires the submission of additional documents with the MAA, which can be replaced by the site master
file, and the MAA in South Korea contains the site master file as an item of the MAA [29,36,40,65].

GMP guidelines for ATMPs were recently published in the PIC/S to provide global harmonization of GMP
for ATMPs to provide high-quality, safe products. This guideline is meant to provide specific guidance on the
full scope of ATMP. The premises and equipment and the production aspects are mentioned in the PIC/S GMP
guidelines for ATMPs [41,42]. If the GMP guidelines of the competent authorities are harmonized by the PIC/S
guidelines, manufacturers may easily achieve international marketing authorization. It was confirmed that the
competent authorities comply with the PIC/S guidelines for ATMPs to harmonize the GMP guidelines globally
in the gap analysis. Regulations and guidelines for facilities and equipment at ATMPs manufacturing sites are
focused on preventing mix-up, cross-contamination and the transmission risk of relevant communicable disease
agents because terminal sterilization is often impossible for ATMPs (Table 3) [19,27,66]. The workroom is universally
composed of a closed and an open system to prevent cross-contamination, although the terms are not defined
in exactly the same way. The closed system is an area to maintain sterile materials and products, and the open
system is an area to support the closed system and store nonsterile materials. Depending on these systems, an
appropriate-grade clean area should be available, according to ISO 14644-1 [32,48,52,53].

The ATMP manufacturing field is experiencing rapid technological changes to address the specific challenges of
ATMPs [70,71]. Therefore, the EU suggests that the RBA is necessary to implement the most appropriate measures
considering the risks of manufacturing processes and products [32,53]. A study evaluated the impact of the RBA by
conducting site monitoring in Japan. The average number of on-site monitoring visits in the study decreased from
approximately five to one. This result indicates that the RBA promotes effective monitoring of the sites, and the
on-site monitoring frequency decreases [72]. The competent authorities suggested and applied the guidelines for
the RBA depending on the interest of the RBA. Whereas the EU basically assigns the risk ranking for each site by
applying the RBA, the USA and Japan decide on inspection options by applying the RBA. In addition, because
ATMPs usually use viable cells, genes or tissues and sometimes allogeneic material, donor eligibility system in the
US is included in the GMP inspection related to review of the procedures performed in screening, testing and
determining donor eligibility [33]. The EU also decides the frequency, expenditure, time of inspection and scope of
the next routine inspection based on the results of the RBA and characteristics of ATMPs [29].

GMP inspection is typically conducted as a routine inspection. However, if GMP inspection is recommended
for marketing authorization, it can be conducted during the marketing authorization process to verify the details
related to manufacturing and control of the ATMPs. In the EU, a centralized system is applied for GMP inspection
for marketing authorization because ATMPs are authorized via the centralized (European) procedure. Accordingly,
CHMP decides whether the inspection is conducted, and the inspection team in the EU member states performs
the inspection [61]. In the US, if GMP inspection is necessary, PLI is performed with marketing authorization.
GMP inspection for marketing authorization should apply Level I (full) inspection [33,65]. The manufacturing sites
in Japan are inspected by desktop inspection or on-site inspection after the RBA results. If a desktop inspection is
conducted, inspectors verify the inspection application and the details relating to the manufacture and control of
the ATMPs, which were provided in the MAA without inspecting the manufacturing site [36].

Conclusion
The GMP for ATMPs is an important aspect of new drug development and marketing authorization. To promote
effective development of ATMPs, this study considered the dossier of GMP, regulations and guidelines for facilities
and equipment, the RBA and GMP inspection in the USA, the EU, Japan and South Korea. The GMP regulatory
system of ATMPs was similar for the competent authorities. However, there were some differences of the GMP
regulatory system of ATMPs. Therefore, differences in the marketing authorization process among the competent
authorities related to GMP for ATMPs should be considered.
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Summary points

• Items in the GMP dossier for marketing authorization are similar among the competent authorities.
• A site master file is required for the evaluation of GMP in the EU, Japan and South Korea; however, the USA

require only a BLA.
• Competent authorities comply with the PIC/S GMP guideline for ATMPs.
• Regulations and guidelines for facilities and equipment at ATMP manufacturing sites are focused on preventing

mix-up, cross-contamination and transmission risk of relevant communicable disease agents because terminal
sterilization is often impossible for ATMPs.

• The competent authorities suggested and applied the guidelines, including risk-based planning, management
scope and frequency in the RBA program.

• The US and Japan decide on inspection options, and the EU assigns a risk rating for each site by applying the RBA
for marketing authorization.

• If a GMP inspection is recommended for marketing authorization, it can be conducted during the marketing
authorization process to verify the details related to manufacturing and control of the ATMPs.

• Differences in the marketing authorization process among the competent authorities related to GMP for ATMPs
should be considered.

Author contributions

H Shin and E Kim were responsible for study conception and design; H Shin was responsible for acquisition of the data and data

analysis; H Shin and E Kim were responsible for drafting and revision of the manuscript.

Financial & competing interests disclosure

This work was supported by the Chung-Ang University Graduate Research Scholarship in 2020. This research was supported by a

grant from the Korea government (Ministry of Science and ICT; NRF-2021R1F1A1062044) and by Basic Science Research Program

through the National Research Foundation of Korea funded by the Ministry of Education (grant 2021R1A6A1A03044296), which

had no further role in study design; collection, analysis and interpretation of the data; writing of the report; or the decision to

submit the paper for publication. The authors have no other relevant affiliations or financial involvement with any organization or

entity with a financial interest in or financial conflict with the subject matter or materials discussed in the manuscript apart from

those disclosed.

No writing assistance was utilized in the production of this manuscript.

Open access

This work is licensed under the Attribution-NonCommercial-NoDerivatives 4.0 Unported License. To view a copy of this license,

visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

References
Papers of special note have been highlighted as: • of interest; •• of considerable interest

1. Giancola R, Bonfini T, Iacone A. Cell therapy: cGMP facilities and manufacturing. Muscles Ligaments Tendons J. 2(3), 243–247 (2012).

2. Kooijman M, van Meer PJ, Gispen-de Wied CC et al. The risk-based approach to ATMP development – generally accepted by regulators
but infrequently used by companies. Regul. Toxicol. Pharmacol. 67(2), 221–225 (2013).

• This study indicates that the risk-based approach (RBA) can ensure consistent product quality and validate the manufacturing
process steps.

3. Woods N, MacLoughlin R. Defining a regulatory strategy for ATMP/aerosol delivery device combinations in the treatment of
respiratory disease. Pharmaceutics. 12(10), 922 (2020).

4. Purja S, Shin H, Lee J, Kim E. Is loss of smell an early predictor of COVID-19 severity: a systematic review and meta-analysis. Arch.
Pharm. Res. 44(7), 725–740 (2021).

5. International Society for Cell and Gene Therapy Committee on the Ethics of Cell and Gene Therapy (2018).
www.isct-unprovencellulartherapies.org/patient-resources/

6. Pharmaceuticals and Medical Devices Agency. List of approved regenerative medicinal products (2021).
www.pmda.go.jp/review-services/drug-reviews/review-information/ctp/0009.html

7. Food and Drug Administration. Approved cellular and gene therapy products.
www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/approved-cellular-and-gene-therapy-products

8. Food and Drug Administration. Purple book-database of licensed biological products. https://purplebooksearch.fda.gov/

294 Regen. Med. (2022) 17(5) future science group

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.isct-unprovencellulartherapies.org/patient-resources/
https://www.pmda.go.jp/review-services/drug-reviews/review-information/ctp/0009.html
https://www.fda.gov/vaccines-blood-biologics/cellular-gene-therapy-products/approved-cellular-and-gene-therapy-products
https://purplebooksearch.fda.gov/


GMP for marketing authorization for ATMPs Research Article

9. Food and Drug Administration. Listing of CDRH humanitarian device exemptions.
www.fda.gov/medical-devices/hde-approvals/listing-cdrh-humanitarian-device-exemptions

10. Iglesias-Lopez C, Obach M, Vallano A. Comparison of regulatory pathways for the approval of advanced therapies in the European
Union and the United States. Cytotherapy. 23(3), 261–274 (2021).

11. Ministry of Food and Drug Safety. Online medicine library. https://nedrug.mfds.go.kr/searchDrug

12. Shahryari A, Jazi MS, Mohammadi S et al. Development and clinical translation of approved gene therapy products for genetic disorders.
Front. Genet. 10, 868 (2019).

13. Bedford P, Jy J, Collins L, Keizer S. Considering cell therapy product ‘Good Manufacturing Practice’ status. Front. Med. (Lausanne) 5,
118 (2018).

•• The study focused on manufacturers that should meet the GMP standards in academic facilities as well as industrial facilities.

14. Lipsitz YY, Timmins NE, Zandstra PW. Quality cell therapy manufacturing by design. Nat. Biotechnol. 34(4), 393–400 (2016).

15. Salmikangas P, Schuessler-Lenz M, Ruiz S et al. Marketing regulatory oversight of advanced therapy medicinal products (ATMPs) in
Europe: the EMA/CAT perspective. Adv. Exp. Med. Biol. 871, 103–130 (2015).

• This study informed the overall regulatory framework for advanced therapy medicinal products and the requirements for their
quality and manufacturing.

16. Enein MAE, Romhild A, Kaiser D et al. Good Manufactuirng Practice (GMP) manufacturing of advanced therapy medicinal products: a
novel tailored model for optimizing performance and estimating costs. Cytotherapy. 15(3), 362–383 (2013).

17. Halioua–Haubold CL, Peyer JG, Smith JA et al. Regulatory considerations for gene therapy products in the US, EU, and Japan. Yale J.
Biol. Med. 90(4), 683–693 (2017).

• This study provided a summary of the regulatory structure under which GTPs fall in the USA, the EU and Japan.

18. Mazini L, Ezzoubi M, Malka G. Overview of current adiopose-derived stem cell (ADSCs) processing involved in therapeutic
advancements: flow chart and regulation updates before and after COVID-19. Stem Cell Res. Ther. 21, (2021).

19. Food and Drug Administration. 21 CFR Part 1271 human cells, tissues, and cellular and tissue-based products (2020).
www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSea-rch.cfm?CFRPart=1271

20. Food and Drug Administration. 42 USC ch.6A: Public Health Service (2009). www.law.cor-nell.edu/uscode/text/42/chapter-6A

21. European Medicines Agency. Regulation (EC) No. 1394/2007 of the European Parliament and of the Council (2007).
https://eurlex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A32007R1394&qid=1624842120-316

22. European Medicines Agency. Directive 2001/83/EC of the European Parliament and of the Council (2001).
https://eurlex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A32001L0083&qid=1624841685352

23. Ministry of Food and Drug Safety. Act No. 17472, advanced regenerative medicine and advanced biopharmaceuticals safety and support
act (2020). www.law.go.kr/LSW/lsSc.do?section=&menuId=1&subMenuId=15&tabMenuId=81&eventGubun=060101&query=%EC
%B2%A8%EB%8B%A8%EB%B0%94%EC%9D%B4%EC%98%A4%EC%9D%98%EC%95%BD%ED%92%88#undef ined

24. Ministry of Health, Labor and Welfare. The act safety of regenerative medicine (2013). https://elaws.egov.go.jp/document?lawid=425A
C0000000085 20190314 430AC0000000-098&keyword=%E5%86%8D%E7%94%9F%E5%8C%BB%E7%99%82

25. Food and Drug Administration. Guidance for industry: CGMP for phase I investigational drugs
(2008). www.fda.gov/media/70975/download

26. Detela G, Lodge A. EU regulatory pathways for ATMPs: standard, accelerated and adaptive pathways to marketing authorisation. Mol.
Ther. Methods Clin. Dev. 13, 205–232 (2019).

•• This review study provided EU marketing authorization pathway, including standard, accelerated, PRIME, conditional
marketing authorization.

27. McGowan NWA, Campbell JDM, Mountford JC. Good manufacturing practice (GMP) translation of advanced cellular therapeutics:
lessons for the manufacture of erythrocytes as medicinal products. Methods Mol. Biol. 1698, 285–292 (2018).

28. European Medicines Agency. Explanatory notes on the preparation of a site master file (2011).
https://ec.europa.eu/health/sites/default/files/f iles/eudralex/vol-4/2011 site master f ile en.-pdf

29. European Medicines Agency. Compilation of community procedures on inspections and exchange of information (2014). www.ema.euro
pa.eu/en/documents/regulatory-procedural-guideline/compilation-community-procedures-inspections-exchange-information e-n.pdf

30. Confalonieri D, Schwab A, Walles H, Ehlicke F. Advanced therapy medicinal products: A guide for bone marrow-derived MSCs
application in bone and cartilage tissue engineering. Tissue Eng. Part B. 24(2), 155–169 (2017).

31. European Medicines Agency. Regulation (EC) No. 726/2004 of the European Parliament and of the Council (2004).
https://eurlex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A32004R0726&qid=1624842077510

32. European Medicines Agency. Guidelines on good manufacturing practice specific to advanced therapy medicinal products (2017).
https://ec.europa.eu/health/sites/default/files/f iles/eu-dralex/vol-4/2017 11 22 -guideline-s gmp for atmps.pdf

33. Food and Drug Administration. Compliance program guidance manual chapter – 45 biological drug products, inspection of biological
drug products (CBER) (2010). www.fda.-gov/med-ia/73834/download

future science group www.futuremedicine.com 295

https://www.fda.gov/medical-devices/hde-approvals/listing-cdrh-humanitarian-device-exemptions
https://nedrug.mfds.go.kr/searchDrug
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSea-rch.cfm?CFRPart=1271
https://www.law.cor-nell.edu/uscode/text/42/chapter-6A
https://eurlex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A32007R1394&qid=1624842120-316
https://eurlex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A32001L0083&qid=1624841685352
https://www.law.go.kr/LSW/lsSc.do?section=&menuId=1&subMenuId=15&tabMenuId=81&eventGubun=060101&query=%EC%B2%A8%EB%8B%A8%EB%B0%94%EC%9D%B4%EC%98%A4%EC%9D%98%EC%95%BD%ED%92%88#undefined
https://elaws.egov.go.jp/document?lawid=425AC0000000085_20190314_430AC0000000-098&keyword=%E5%86%8D%E7%94%9F%E5%8C%BB%E7%99%82
https://www.fda.gov/media/70975/download
https://ec.europa.eu/health/sites/default/files/files/eudralex/vol-4/2011_site_master_file_en.-pdf
https://www.ema.europa.eu/en/documents/regulatory-procedural-guideline/compilation-community-procedures-inspections-exchange-information_e-n.pdf
https://eurlex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A32004R0726&qid=1624842077510
https://ec.europa.eu/health/sites/default/files/files/eu-dralex/vol-4/2017_11_22_-guideline-s_gmp_for_atmps.pdf
https://www.fda.-gov/med-ia/73834/download


Research Article Shin & Kim

34. Food and Drug Administration. Form 356h application to market a new or abbreviated new drug or biologic for human use (2020).
www.fda.gov/drugs/development-approval-process-drugs/forms-submission-require-ments

35. Food and Drug Administration. Biologics license application (BLA) process (CBER) (2021).
www.fda.gov/vaccines-blood-biologics/development-approv-al-process-cber/biolog-ics-license-applications-bla-process-cber

36. Ministry of Health, Labor and Welfare. Confirmation, etc. of the status of pre-approval GMP compliance inspection for new drugs
(2017). www.pmda.go.jp/f iles/000222305.pdf

37. Ministry of Health, Labor and Welfare. Submission document for application of drug compliance inspection (2017).
www.pmda.go.jp/f iles/000222303.pdf

38. Ministry of Health, Labor and Welfare. Regulation for enforcement of the act on securing quality, efficacy and safety of products
including pharmaceuticals and medical devices (2013). https://elaws.egov.go.jp/document?lawid=336M50000100001 20191214 501
M60000100070&keyword=%E5%8C%BB%E7%99%82%E6%A9%9F%E5%99%A8

39. Ministry of Food and Drug Safety. Ordinances of the Prime Minister No. 1641, enforcement rule of advanced biopharmaceuticals safety
and support (2020).
www.law.go.kr/LSW/lsSc.do?section=&menuId=1&subMenuId=15&tabMenuId=81&eventGubun=060101&query=%EC%B2%A8
%EB%8B%A8%EB%B0%94%EC%9D%B4%EC%98%A4%EC%9D%98%EC%95%BD%ED%92%88#undef ined

40. Ministry of Food and Drug Safety. Notification No. 2020-82, regulations on the advanced biopharmaceutical product approvals and
reviews (2020). www.law.go.kr/admRulSc.do?menuId=5&subMenuId=41&tabMenuId=183&query=%EC%B2-%A8%EB%8B%A8
%EB%B0%94%EC%9D%B4%EC%98%A4%EC%9D%98%EC%95%BD%ED%92%88#liBgcolor1

41. PCI/S members. Pharmaceutical Inspection Co-operation Scheme (PIC/S) (2021). https://picscheme.org/

42. Pharmaceutical inspection co-operation scheme. Guide to good manufacturing practice for medical products annexes (2021).
https://picscheme.org/docview/4102

43. European Medicines Agency. Directive 2003/94/EC laying down the principles and guidelines of good manufacturing practice in
respect of medicinal products for human use and investigational medicinal products for human use (2003).
https://eurlex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A32003L0094&qid=16248-41925435

44. Hartmann-Fritsch F, Marino D, Reichmann E. About ATMPs. SOPs and GMP: The hurdles to produce novel skin grafts for clinical
use. Transfus Med. Hemother. 43(5), 344–352 (2016).

45. Food and Drug Administration. 21 CFR Part 211 Current good manufacturing practice for finished pharmaceuticals (2020).
www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFR-Search.cfm?CFRPart-=211

46. Food and Drug Administration. 21 CFR 600 Biological products: general (2020).
www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=600

47. Food and Drug Administration. Guidance for industry – current good tissue practice (CGTP) and additional requirements for
manufacturers of human cells, tissues, and cellular and tissue-based products (HCT/Ps) (2011). www.fda.gov/regulatory-information/sea
rch-fda-guidance-documents/current-good-tissue-practice-cgtp-and-additional-requirements-manuf -acturers-human-cells-tissues-and

48. Food and Drug Administration. Guidance for industry-sterile drug products produced by aseptic processing-current good manufacturing
practice (2004). www.fda.gov/regulatory-information/search-fda-guidance-documents/sterile-drug-products-produced-aseptic-process-
ing-current-good-manufacturing-practice

49. Ministry of Health, Labor and Welfare. Ministerial ordinance on standards for manufacturing control and quality control of products
such as regenerative medicine (2006). https://elaws.egov.go.jp/document?lawid=426M60000100093 20161001 00000000000000-
0&keyword=%E5%86%8D%E7%94%9F%E5%8C%BB%E7%99%82

50. Ministry of Health, Labor and Welfare. Regulation for buildings and facilities for pharmacies (2013). https:
//elaws.egov.go.jp/document?lawid=336M50000100002 20190701 501M60000100020&keyword=%E6%A7%8B%E9%80%A0

51. Ministry of Food and Drug Safety. Decree on facility standards for manufacturing business and importers of drugs, etc (2013). www.law.
go.kr/lsSc.do?menuId=1&subMenuId=15&tabMenuId=81&query=%EC%25A0%9C%EC%A1%B0%EC%97%85#undef ined

52. Ministry of Health, Labor and Welfare. Guideline for aseptic manufacturing of regenerative medicinal products (2017).
www.pmda.go.jp/f iles/000232812.pdf

53. Ministry of Food and Drug Safety. Guideline on GMP specific to advanced biopharmaceutical (2020).
www.mfds.go.kr/brd/m 1060/view.do?seq=14462&srchFr=&srchTo=&srchWord=&srchTp=&itm seq 1=0&itm seq 2=0&multi itm
seq=0&company cd=&company nm=&page=1

54. Ministry of Health, Labor and Welfare. Guideline for manufacturing of aseptic medicinal products (2011).
www.pmda.go.jp/f iles/000206144.pdf

55. Ministry of Food and Drug Safety. Guideline on GMP specific to cell therapy (2016). www.mfds.go.kr/brd/m 1060/view.do?seq=1220
5&srchFr=&srchTo=&srchWord=%EC%84%B8%ED%8F%AC%EC%B9%98%EB%A3%8C%EC%A0%9C&srchTp=0&itm seq
1=0&itm seq 2=0&multi itm seq=0&company cd=&company nm=&Data stts gubun=C9999&page=2

56. Becherucci V, Curini L, Ceccantini R et al. A practical approach for gmp-compliant validation of real-time PCR method for mycoplasma
detection in human mesenchymal stromal cells as advanced therapy medicinal product. Biologicals. 73, 31–40 (2021).

296 Regen. Med. (2022) 17(5) future science group

https://www.fda.gov/drugs/development-approval-process-drugs/forms-submission-require-ments
https://www.fda.gov/vaccines-blood-biologics/development-approv-al-process-cber/biolog-ics-license-applications-bla-process-cber
https://www.pmda.go.jp/files/000222305.pdf
https://www.pmda.go.jp/files/000222303.pdf
https://elaws.egov.go.jp/document?lawid=336M50000100001_20191214_501M60000100070&keyword=%E5%8C%BB%E7%99%82%E6%A9%9F%E5%99%A8
https://www.law.go.kr/LSW/lsSc.do?section=&menuId=1&subMenuId=15&tabMenuId=81&eventGubun=060101&query=%EC%B2%A8%EB%8B%A8%EB%B0%94%EC%9D%B4%EC%98%A4%EC%9D%98%EC%95%BD%ED%92%88#undefined
https://www.law.go.kr/admRulSc.do?menuId=5&subMenuId=41&tabMenuId=183&query=%EC%B2-%A8%EB%8B%A8%EB%B0%94%EC%9D%B4%EC%98%A4%EC%9D%98%EC%95%BD%ED%92%88#liBgcolor1
https://picscheme.org/
https://picscheme.org/docview/4102
https://eurlex.europa.eu/legalcontent/EN/TXT/?uri=CELEX%3A32003L0094&qid=16248-41925435
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFR-Search.cfm?CFRPart-=211
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=600
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/current-good-tissue-practice-cgtp-and-additional-requirements-manuf-acturers-human-cells-tissues-and
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/sterile-drug-products-produced-aseptic-process-ing-current-good-manufacturing-practice
https://elaws.egov.go.jp/document?lawid=426M60000100093_20161001_00000000000000-0&keyword=%E5%86%8D%E7%94%9F%E5%8C%BB%E7%99%82
https://elaws.egov.go.jp/document?lawid=336M50000100002_20190701_501M60000100020&keyword=%E6%A7%8B%E9%80%A0
https://www.law.go.kr/lsSc.do?menuId=1&subMenuId=15&tabMenuId=81&query=%EC%25A0%9C%EC%A1%B0%EC%97%85#undefined
https://www.pmda.go.jp/files/000232812.pdf
https://www.mfds.go.kr/brd/m_1060/view.do?seq=14462&srchFr=&srchTo=&srchWord=&srchTp=&itm_seq_1=0&itm_seq_2=0&multi_itm_seq=0&company_cd=&company_nm=&page=1
https://www.pmda.go.jp/files/000206144.pdf
https://www.mfds.go.kr/brd/m_1060/view.do?seq=12205&srchFr=&srchTo=&srchWord=%EC%84%B8%ED%8F%AC%EC%B9%98%EB%A3%8C%EC%A0%9C&srchTp=0&itm_seq_1=0&itm_seq_2=0&multi_itm_seq=0&company_cd=&company_nm=&Data_stts_gubun=C9999&page=2


GMP for marketing authorization for ATMPs Research Article

57. Ministry of Food and Drug Safety. Annex I manufacturing of sterile medicinal products of regulation on good manufacturing practice to
medicinal products (2020). www.law.go.kr-/LSW/admRulLsInfoP.do?admRulSeq=2100000180157

58. Morisue M. GMP Inspection by PMDA. 1st India-Japan Medical Products Regulation Symposium, 18–19th May 2016.

59. Oberveis CV, Marchal JA, Lopez-Ruiz E, Galvez-Martin P. A worldwide overview of regulatory frameworks for tissue-based products.
Tissue Eng. Part B Rev. 26(2), 181–196 (2020).

•• This study informed regulatory frameworks for tissue-based products and compared marketing authorization procedures in the
USA, the EU, Canada, Japan and Australia.

60. European Medicines Agency. Pre-authorisation guidance 5.2 Inspection (2009).
www.ema.europa.eu/en/human-regulatory/marketing-authorisation/pre-authorisation-guidance#5.2-inspections-section

61. European Medicines Agency. Procedural advice on the evaluation of advanced therapy medicinal product in accordance with Article 8 of
Regulation (EC) No. 1394/2007 (2018). www.ema.europa.eu/en/doc-uments/regulatory-procedural-guideline/procedural-adv-ice-eva
luation-advanced-therapy-medicinal-product-accordance-article-8-regulation-ec/200-7 en.pdf

62. European Medicines Agency. Best practice guide on measures improving predictability of submissions/responses and adherence to
communicated submissions/responses deadlines (2017).
www.ema.europa.eu/en/documents/regulatory-pro-cedural-guideline/best-practice-guide-measures-improving-predictability-submissi
ons/respo-nses-adherence-communicated-submission/responses-deadlines en.pdf

63. Food and Drug Administration. FDA organizational charts (2019). www.fda.gov/-about-fda/fda-organization/fda-organization-charts

64. Food and Drug Administration. Center for biologics evaluation and research organizational chart (2021).
www.fda.gov/about-fda/fda-organization-charts/center-biologics-evaluation-and-research-organization-chart

65. Food and Drug Administration. SOPP 8401: Administrative processing of original biologics license applications (BLA) and new drug
application (NDA) (2021). www.fda.gov-/media/85659/download

66. Food and Drug Administration. Example of FDA form 483 (2018).
www.fda.gov/files/drugs/pub-lished/Compliance-Record-483--Hospira-Healthcare-India--April-3--2018.pdf

67. Naruse R. GMP inspection system and activities of Japan (2015). www.pd-a.go.jp/f iles/000207618.pdf

68. Desai KG, Obayashi H, Colandene JD, Nesta DP. Japan-specific key regulatory aspects for development of new biopharmaceutical drug
products. J. Pharm. Sci. 107(7), 1773–1786 (2018).

69. Ministry of Food and Drug Safety. Ministry of food and drug safety organizational chart, department (2021).
www.mfds.go.kr/wpge/m 270/de010705l0001.do

70. Vigano M, Budelli S, Lavazza C et al. Tips and tricks for validation of quality control analytical methods in good manufacturing practice
mesenchymal stromal cell production. Stem Cells Int. 3038565 (2018).

71. Lee H, Kim EY. Repositioning medication for cardiovascular and cerebrovascular disease to delay the onset and prevent progression of
Alzheimer’s disease. Arch. Pharm. Res. 43(9), 932–690 (2020).

72. Higa A, Yagi M, Hayashi K et al. Risk-based monitoring approach to ensure the quality of clinical study data and enable effective
monitoring. Ther. Innov. Regul. Sci. 54(1), 139–143 (2020).

future science group www.futuremedicine.com 297

https://www.law.go.kr-/LSW/admRulLsInfoP.do?admRulSeq=2100000180157
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/pre-authorisation-guidance#5.2-inspections-section
https://www.ema.europa.eu/en/doc-uments/regulatory-procedural-guideline/procedural-adv-ice-evaluation-advanced-therapy-medicinal-product-accordance-article-8-regulation-ec/200-7_en.pdf
https://www.ema.europa.eu/en/documents/regulatory-pro-cedural-guideline/best-practice-guide-measures-improving-predictability-submissions/respo-nses-adherence-communicated-submission/responses-deadlines_en.pdf
https://www.fda.gov/-about-fda/fda-organization/fda-organization-charts
https://www.fda.gov/about-fda/fda-organization-charts/center-biologics-evaluation-and-research-organization-chart
https://www.fda.gov-/media/85659/download
https://www.fd-a.gov/files/drugs/pub-lished/Compliance-Record-483--Hospira-Healthcare-India--April-3--2018.pdf
https://www.pd-a.go.jp/files/000207618.pdf
https://www.mfds.go.kr/wpge/m_270/de010705l0001.do




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




