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Overview of the clinical application of regenerative medicine
products in Japan

Mina Tsubouchi ?, Shigeyuki Matsui ?, Yoshiro Banno®,
Kiyoshi Kurokawa®, Koji Kawakami?®*
* Department of Pharmacoepidemiology, Graduate School of Medicine and Public Health,

Kyoto University, Yoshidakonoecho, Sakyoku, Kyoto 606-8501, Japan
® Health Policy Institute, Tokyo, Japan

Abstract

Objective: To identify barriers to the clinical application of regenerative medicine products (RMPs) in J apan.

Methods: Current Japanese regulatory systems and guidelines were compared with those of the United States (US) and the
European Union (EU). A questionnaire was administered to representatives from 23 Japanese companies and 10 research
institutes, and an in-person semi-structured interview was conducted with representatives from 10 companies that develop RMP.
Results: 'We found that Japan, the US and the EU have similar pre-clinical safety guideline frameworks relating to RMP.
However, differences exist between these countries with respect to their review and approval systems and the implementation
of guidelines, and these represent major barriers to the clinical application of RMP in Japan. Most companies studied are facing
regulatory hurdles such as stringent review processes and regulatory guidelines that do not provide detailed practical examples
of the pre-clinical quality and safety data required.

Conclusions: These results suggest that effective regulatory infrastructure including regulatory systems, guidelines, and com-
munication channels between product developers and regulatory bodies are essential for the prompt clinical application of RMP
in Japan.

© 2008 Published by Elsevier Ireland Ltd.

Keywords: Regenerative medicine; Biologics; Regulatory guideline; Interview survey

1. Introduction human bodies then transplantation or injection of
these into patients, has been developed with the aim

Regenerative medicine technology, which involves of partially or completely curing damaged or dys-
the collection and processing of biomaterials from functional organs or tissues in the human body. Ten
years ago, the field of regenerative medicine was

—— ' ! expected to develop rapidly to offer new opportunities
fuzizm'glﬁ;;mm Tel= 45175753 M5 for the treatment of disease and to grow to become
E-mail address: kawakami-k@pbh,med kyoto-u.ac.jp a major business area. However, the application of
(K. Kawakami). regenerative medicine products (RMPs) has been very

0168-8510/$ — see front matter © 2008 Published by Elsevier Ireland Ltd.
doi:10.1016/j healthpol.2008.02.011
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much delayed in Japan relative to other developed
countries.

In the United States (US) and the European
Union (EU), RMP are already on the market, for
example Carticel® (cultured autologous chondrocytes
produced by Genzyme Biosurgery; Cambridge, MA)
and Myskin™ (cultured autologous keratinocytes pro-
duced by CellTran; Sheffield, United Kingdom). In
these countries and others, a large number of clinical
trials have been initiated to assess the safety and effi-
cacy of RMP [1-3]. In contrast, in Japan, RMP are not
yet available in the market, and only a small number of
clinical trials of RMP have been initiated.

In 2002, the Japan Patent Office (JPO) estimated that
the market for RMP in Japan would reach US $3 billion
by 2010 and US $19 billion by 2020 [4]. However,
Japanese companies and investigators developing RMP
have arrived at market size estimates that are far less
than those of the JPO.

In Japan, barriers to the clinical application of
RMP can be classified into technological problems and
others. University researchers, medical doctors, and
companies (mainly start-ups) have gone to a great deal
of effort to overcome the technical obstacles. For exam-
ple, these players have worked to improve the quality
of the biomaterials and cellular products available for
possible clinical use. However, researchers and compa-
nies in the field are greatly concerned that these “other”
problems (i.e. other than technological problems) still
represent a major obstacle for the clinical application of
regenerative medicines. Although it has become crit-
ical to identify barriers to the development of RMP,
these “other” problems in Japan in this context have
never been investigated systematically.

In this study, we compared current Japanese regula-
tory systems and guidelines with those in the US and
the EU to identify barriers to the clinical application
of RMP in Japan. We also conducted structured inter-
views with representatives of Japanese companies that
develop RMP to clarify the nature of these barriers.

2. Methods

2.1. Survey of regulatory processes and guidelines

We compared the regulatory approval systems for
pharmaceuticals and biologics in Japan, the US, and the

EU. Additionally, we surveyed the regulatory guide-
lines in place for cellular and tissue-based products and
analyzed the regulatory topics covered in the guide-
lines. The major guidelines relating to the chemistry,
manufacturing, and control (CMC) of cellular and
tissue-based products in Japan are the “Notice for the
quality and safety of eellular and tissue-based pharma-
ceuticals and medieal devices” (notification no. 906)
[3] and the “Notice for the quality and safety of pharma-
ceuticals utilizing haman- or animal-derived materials”
(notification no. 1314), both issued by the Drug and
Food Bureau of the Ministry of Health, Labour and
Welfare (MHLW) [6] under the Pharmaceutical Affairs
Law (PAL), and the “Guidelines for clinical research
utilizing buman somatic stem cells”, issued by the
Health Service Bureau of the MHLW [7] under the
Medical Affairs Law (MAL). In the US, the Food
and Drug Administration (FDA) guidelines entitled
“Guidance for reviewers: instructions and template for
CMC reviewers of human somatic cell therapy inves-
tigational new drug applications (INDs)” represent the
major guidelines relating to RMP [8]. In the EU, the
European Commission issued guidelines entitled “Reg-
ulation of the European Parliament and of the Council
on advanced therapy medicinal products and amend-
ing Directive 2001/83/EC and Regulation (EC) No.
726/2004” [9], which are the major guidelines relating
to RMP.

2.2. Surveys of companies developing RMP

We first conducted an initial survey to investigate
issues in the successful development of RMP, which we
administered to representatives of 39 Japanese compa-
nies and 21 research institutes that are actively involved
in research into and/or development of RMP. Subse-
quently, we conducted interviews with representatives
of 10 companies that responded to the questionnaire,
which also had RMP under clinical development.
Semi-structured in-person interviews were conducted
in November and December 2006. Company presidents
or persons responsible for the development of the com-
pany’s products were interviewed. The interviews took
approximately 1.5h and were recorded using an IC
recorder. Each interview was transcribed verbatim and
the responses were analyzed. The interview included
queries with regard to candidate RMP (e.g. material,
source, place of manufacture, and clinical phase) and
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Fig. 1. Procedures for product development and obtaining regulatory approval for biclogics in the US and J apan. IND, Investigational new drug;
NDA, new drug application; PMDA, Pharmaceuticals and Medical Devices Agency; MHLW, Ministry of Health, Labour and Welfare.

questions regarding the problems the company faces
in developing the product (e.g. regulation, the public,
technology, pre-/non-clinical studies, and clinical tri-
als). Participants were given a list of questions 1 week
prior to the interview (see Appendix A for interview
questions). Atthe end of each interview, the interviewer
reviewed the questions and answers with the intervie-
wee in an attempt to ensure that all questions were
fully answered. Responses were analyzed by catego-
rizing segments of the transcripts into topic areas, then
classifying them using material categories [10]. This
categorization process was independently performed
by the first and last authors, and both categorizations
were adjusted by consensus.

3. Results

3.1. Regulatory paths in Japan, the US, and the
EU

Fig. 1 shows the procedure for product development
and the process for obtaining regulatory approval for

biologics, including cellular and tissue-based products,
in Japan and the US. In Japan, clinical trials belong to
one of two categories: “Chiken”, which is regulated
under the PAL, and “clinical research” for unapproved
therapeutics, which is regulated under the MAL. In the
case of “clinical research”, the scientific and ethical
aspects of new technology or therapeutics to be applied
to patients and application forms are assessed only by
the institute’s review board, not by a regulatory agency.
In the case of “Chiken”, each applicant must submit
a clinical trial application to the Pharmaceuticals and
Medical Devices Agency (PMDA), aregulatory agency
supervised by the Japanese MHLW. Moreover, for cel-
lular and tissue-based products, before submitting a
clinical trial application to the PMDA, each applicant
must first submit a review package to the PMDA for
specific review by the PMDA of the quality and safety
of the product. In contrast, in the US, all applicants,
including companies and university researchers, are
required to submit an investigational new drug (IND)
application to the FDA as the IND sponsor. Thus, all
protocols and applications are subject to FDA con-
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trol with no exceptions. In the EU, pharmaceutical
approval for marketing in the member states for a
method involving an industrial process is administered
by the European Medical Agency (EMEA). This pro-
cess is applied to products that are prepared industrially
or manufactured. Products that are prepared in full and
used in a single hospital, in accordance with a medi-
cal prescription for an individual patient, are excluded
from EMEA control.

3.2. Regulatory guidelines for RMP

The regulatory topics described in the major guide-
lines relating to the CMC of cellular and tissue-based
products in Japan, the US and the EU are listed in
Table 1

. In the US, guidelines entitled “Guidance for
reviewers: instructions and template for CMC review-
ers of human somatic cell therapy investigational new
drug applications (INDs)” provide detailed instructions
regarding the pre-clinical specifications and safety of
RMP. Non-clinical safety studies are regulated under
guideline S6 of the international conference on har-
monisation of technical requirements for registration
of pharmaceuticals for human use (ICH S6) [11]. In
Japan, notification nos. 906 and 1314 of the Drug and
Food Bureau of the MHLW regulate the pre-clinical
specifications and safety of candidate products, and
notification no. 1314 outlines some points relating to
non-clinical safety studies that apply in addition to
those listed in ICH S6. In the EU, regulations relating
to advanced therapy products are mainly to be found
in “Directive 2001/83/EC of the European Parliament
and of the Council of 6 November 2001 on the Commu-
nity code relating to medicinal products for human use”
[12] and ICH S6. Although the types of guidelines var-
ied, the safety issues covered in these guidelines were
largely similar.

3.3. Questionnaire administered to Japanese
companies and researchers

Before conducting interviews with company rep-
resentatives, we administered an initial questionnaire
to representatives from Japanese companies and
researchers in institutes that are involved in conduct-
ing research into and development of RMP. The aim of
this questionnaire was to obtain a preliminary under-

standing of issues surrounding the application of RMP
in Japan. To determine which was considered the most
important issue for the prompt utilization of RMP in
Japan, we sent out a questionnaire listing possible
issues including regulatory guidelines, the review sys-
tem, detailed guidelines about bioethics, rules for the
collection/distributien of human cells and tissue, orga-
nization/management of cell bank systems, research
grant systems, and others. Twenty-three out of 39 com-
panies and 10 out of 21 research institutes responded.
Out of the 33 responses, the most critical issue for the
early realization of RMP was thought by 16 (48%) to
be review of the regulatory guidelines and by 5 (15%)
to be revision to the review system. Research grant and
bioethics issues were also noted as being important.

3.4. Interviews of company representatives

Because we found that there are multiple barri-
ers (e.g. regulatory and review system issues) to the
prompt clinical application of RMP in Japan, we
decided to further investigate these issues. We con-
ducted semi-structured interviews with representatives
from companies that are actively engaged in develop-
ing RMP for future clinical application. The companies
involved are listed in Table 2.

3.4.1. Product development and manufacturing
Regarding issues relating to the development and
manufacture of RMP, respondents from companies
developing gene or peptide-related products stated that
they did not face any manufacturing problems because
they were easily able to meet the ICH guidelines in
developing their products (Table 3). On the other hand,
respondents from 6 of the 10 companies developing
cellular-based products noted that they had difficulty
in characterizing their cellular products prior to clinical
trials. In addition, respondents from 4 of 10 companies
noted that the regulatory safety-evaluation guidelines
and examples of quality, safety, efficacy, and lot-to-lot
consistency for cellular products in the current regu-
latory guidelines dose not describe specific issues and
examples. Respondents from five companies develop-
ing autologous cellular products noted that maintaining
the lot-to-lot consistency of products is difficult, and
respondents also commented that the quality control
methods used varied among companies. Regarding
non-clinical studies, respondents from 5 of the 10 com-
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Table 1
Comparison of topics covered in regulatory guidelines concerning the CMC of cellular and tissue-based products in Japan, the US, and the EU

Topic Japan us EU

Notification Notification Guidelines for Guidance for Regulation on
no. 1314 no. 906 clinical CMC advanced
research® reviewers? therapy®

Scope O O O O )

Material and cell collection
Description of cells and/or tissues O O © &)
(source, characterization, and
suitability)

Cell and/or tissue collection
(institute, method, safety)
Storage, release, and shipping of
cells and/or tissues

Donor screening

Informed consent for donors
Donation

Documents linking donors and
materials

Product manufacturing and preparation . of
Process used for manufacturing and
preparation (manufacture of lots,
validity, documentation)

Cell culture (culture conditions,
stability, serum components)
Cell bank system

Processing procedure
Evaluation of identity and
consistency

Modifications by genetic
engineering

Description of regents used in
manufacturing (characterization,
type of testing)

Standard operating procedure

Safety and quality control of product @ of
Procedure for safety and quality
control :

Type of testing (microbiological
testing, identity, purity, viability,
viral testing, potency)

Product stability (testing, shipping
method)

Final product release criteria testing
Acceptance criteria (materials and
regents)

Requirements for testing, release,
and shipping of products

Testing and application of final products
Efficacy testing
Pharmacokinetics
Combination products O O

O O 00O O O 0000 O O
o
Q

S,

o O
O
o

o O

o 00 O

O 00 O

00O
o0
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Table 1

(Contined)

Topic Japan us EU
Notification Notification Guidelines for Guidance for Regulation on
no. 1314 no. 906 clinical CMC advanced

research® reviewers® therapy®
Collection method, components, O ) oY
type of final product %
Informed consent for patients O @)
Product tracking @) @]
Labeling and packaging O (®; O
Pre-/non-clinical trials of
Type of safety testing O @ '
Summary of pre-/non-clinical trials O O @) @)
Other
Structure and management system O @)
of institute
Manufacturing institute and facilities @) @)

* Guidelines for clinical research utilizing human somatic stem cells (Health Service Bureau of the MHLW).

b Guidance for reviewers: instructions and template for chemistry, manufacturing, and control (CMC) reviewers of human somatic cell therapy
investigational new drug applications (INDs).

¢ Regulation of the European Parliament and of the Council on advanced therapy medicinal products and amending Directive 2001/83/EC and
Regulation (EC) No. 726/2004.

4 Notification no. 1314 applies.

¢ For donation, procurement and testing of human tissues and cells, “Directive 2004/23/EC of the European Parliament and of the Council of
31 March 2004 on setting standards of quality and safety for the donation, procurement, testing, processing, preservation, storage and distribution
of human tissues and cells” applies. ' g

f “Directive 2001/83/EC of the European Parliament and of the Council of 6 November 2001 on the Community code relating to medicinal
products for human use” applies.

Table 2

Key characteristics of the 10 companies that provided a representative for interview and their candidate products

Year founded Nature of candidate product Relevant law Development stage
Autologous cells (epidermal) License application

1999 Autologous cells (cartilage) PAL —_— 5 5
Autologous cells (corneal epithelium) App oo ] isticsl. salrty. e

1994 Autologous cells (epidermal cells and PAL Application for pre-clinical safety assurance
fibroblasts)

1921 Autologous cells (skeletal myoblasts) PAL Application for pre-clinical safety assurance

approved ’

1999 Autologous cells (bone marrow stem cells) MAL “Clinical research”

2001 Autologous cells (dendritic) MAL Pre-clinical research

2001 Autologous cells (corneal epithelium) MAL “Clinical research™

— Allogenic cells (corneal epithelium) B ' Completion of pre-clinical research
Autologous cells (oral mucosa) Pre-/non-clinical research

2002 Allogenic cells (somatic and embryonic stem PAL Pre-/non-clinical research
cells)

1999 HGF gene PAL ) Phase 3 in “Chiken”

2004 Peptide PAL Pre-/non-clinical research

PAL, Pharmaceutical Affairs Law; MAL, Medical Affairs Law.
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Table 3
Major issues relating to the clinical application of regenerative medicine products in Japan
Issue Number of companies? (autologous
cells, allogenic cells, genes, other)
Manufacturing and technology issues
Standards

Decisions about criteria relating to the quality of the products 4/6, 2/2, 0/1, 0/1

are difficult ;

Regulatory safety-evaluation guidelines and examples of 3/6, 1/2, 0/1, 0/1

quality, safety, and efficacy of the products are necessary
GMP .
The definition of GMP is not clear

Others
Ensuring lot-to-lot consistency of the products is difficult

Quality control methods vary among companies 5/6, 0/2, 0/1, 0/1
Pre-/non-clinical issues
Regulatory guidelines for safety, stability, and efficacy of the 3/6,2/2,0/1,01
products are not clear :
CMC and animal data obtained by US companies cannot be 0/6, 0/2, 0/1, 1/1

utilized in the regulatory review package in Japan
Clinical trial issues
Recruiting study subjects is difficult
Preparing allogenic cells for study is difficult

1/6, 1/2,0/1, 0/1

5/6,0/2,0/1,0/1

3/6, 1/2, 1/1,01
1/6, 172, 0/1, 0/1

Regulation issues
Regulation
There are two separate paths for clinical trials 2/6,0/2,0/1, 1/1
There is no approval category for “biclogics” 3/6,0/2, 0/1, 111
The regulatory guidelines were still imperfectly articulated, 3/6, 0/2, 0/1, 0/1

and that detailed examples should be provided
Autografts and allografts should be distinguished in the

1/6, 1/2, 0/1, 0/1

regulatory guidelines
The review path for combination products needs to be clarified 1/6, 0/2, 0/1, 0/1
in the guidelines

Review
The review period is too long 2/6, 0/2, 0/1, 0/1
Opinions differ among reviewers 1/6, 0/2, 0/1, 0/1
The pre-clinical review to ensure the quality and safety of the 3/6, 2/2,0/1, 001
products is too stringent
Reviewers tend to compare the efficacy of regenerative 1/6, 0/2, 0/1, O/1

medicine products with that of traditional products
Social issues
The governmental research grant is limited
Understanding of and knowledge about regenerative medicine
among the general public and patients is at a low level

4/6, 1/2, 1/1, 0/1
1/6, 1/2, 0/1, 0/1

GMP, good manufacturing practice.

* Number of companies that mentioned each major issue identified in the interview.

panies stated that regulatory guidelines for the safety, nizations cannot be utilized as part of the regulatory
stability, and efficacy of the products should be more review package in Japan. A number of respondents
clearly outlined by regulatory agencies. One respon- noted that it is difficult to recruit study subjects and
dent pointed out that pre-clinical safety and animal data prepare allogenic cells for study at the clinical trial

obtained by US companies or contract research orga-

stage.
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3.4.2. Regulatory systems and society

As noted previously, there are two regulatory paths
for clinical trials in Japan: “Chiken” under the PAL and
“clinical research” under the MAL. Respondents from
3 of the 10 companies were concerned with the exis-
tence of two separate clinical trial paths (Table 3). It
was pointed out that once the clinical trial was initi-
ated as the “clinical research” pathway and later the
company chooses to proceed with development of the
product candidate, they need to initiate the Phase 1
clinical trial again to go through the “Chiken” process.
Furthermore, as pointed out by respondents from four
companies, there are only two categories for regula-
tory approval under the Japanese PAL: pharmaceuticals
and medical devices as medicinal products; there are
currently no approval categories specific to biologics.
Respondents from these companies suggested that a
new “biologics” category be established, which would
include RMP for regulatory approval under the PAL,
because the characteristics of RMP are markedly differ-
ent from those of traditional medicinal products, which
generally comprise small molecules.

With respect to regulatory guidelines, respondents
felt that the framework of the relevant Japanese guide-
lines was adequate. However, respondents from 3 of
the 10 companies suggested that the content of these
regulatory guidelines were still imperfectly articulated,
and that detailed examples should be provided. They
suggested the following were changes that should be
made to the regulatory guidelines (by one respondent
each): a distinction should be made between autolo-
gous cellular products and allogenic cellular products,
and the review path for products utilizing biologics and
tissue engineering should be clarified.

Regarding the regulatory review of clinical trials
under the PAL (“Chiken”), two respondents believed
that the regulatory review period is time consuming,
and one respondent noted that the existence of differ-
ing opinions among reviewers often causes confusion
among sponsors. Five of the 10 respondents believed
that the pre-clinical review to assure the quality and
safety of the product prior to initiating clinical tri-
als was too stringent, since the regulatory reviewers
tend to require candidate products to be shown to be
completely safe. One respondent noted that although
regenerative medicine is a new field, regulatory review-
ers tend to compare the efficacy of RMP with that of
medicinally approved products.

i3

Regarding social issues, 6 of the 10 respondents
believed that the Japanese governmental research
grant is limited for supporting research into regen-
erative medicine. Two respondents also believed that
understanding of and knowledge about regenerative
medicine among the general public and patients is still
at a low level.

4. Discussion

Because the field of regenerative medicine in Japan
is currently mot actively progressing toward clinical
application, we investigated the current regulatory
systems and guidelines for cellular and tissue-based
produets in Japan, the US, and the EU. Although the
frameworks for pre-clinical safety guidelines relating
to RMP are quite similar in Japan, the US, and the
EU, differences do exist with respect to the review
and approval systems and implementation of the guide-
lines, and these were found to be major causes of the
delayed clinical application of RMP in Japan.

Following an initial questionnaire, we conducted
interviews with representatives of 10 Japanese com-
panies that are actively developing RMP for clinical
application. Respondents felt that a major barrier is the
existence of two separate categories of clinical trials:
“Chiken” and “clinical research”. In Japan, research
and development of high-risk biotechnology therapeu-
tics such as RMP generally tends to be carried out by
researchers who have obtained governmental research
grants or funds from venture capitals, not by established
pharmaceutical companies. Thereafter, once clinical
development of the candidate drugs has proceeded to
some extent, the drugs are likely to be bought by phar-

-maceutical companies. However, clinical data obtained

during “clinical research” under the MAL cannot
be utilized for the regulatory review of clinical trial
“Chiken” under the PAL, because in the relevant law it
is considered that the “clinical research” has not been
performed using “good clinical practice”. This system
of separate pathways not only complicates the develop-
ment of RMP, but also problematic in that data acquired
from the “Chiken” and “clinical research” pathways
cannot be combined for consideration. Moreover, these
problems cause difficulties for management of the
intellectual property in RMP because the development
period is extended, thus reducing incentives for phar-
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maceutical companies to industrialize the RMP. In the
US, following the Kefauver-Harris Amendments to the
Federal Food, Drug, and Cosmetic Act in 1962, which
aimed to protect patient rights and safety, the FDA
released a document entitled “Notice of claimed inves-
tigational exemption for anew drug” in 1966. This doc-
ument permitted uniform control of clinical data, and
since then the quality of INDs has improved markedly.
Moreover, the provision of IND for clinical researchers
has been promised in the US. The EU Clinical Trials
Directive, which was introduced in May 2004, enforces
a central regulatory review for both non-commercial
clinical research and commercial clinical trials that aim
to support the approval of drugs and biologics. In the
interests of achieving a situation where research and
clinical development can be carried out efficiently and
quickly, we recommend that the separate pathways that
currently exist in Japan be combined into a single orga-
nized clinical trial pathway, similar to the IND system
in the US. This system provides different stakeholders
(i.e. researchers, medical doctors, and pharmaceutical
companies) with flexibility in drug development.

We found that the Japanese guidelines relating
to RMP cover pre-clinical safety issues, including
fundamental characterization of the product. However,

_our interviews revealed that a number of companies

developing human cellular-based products urgently
require clear examples relating to pre-clinical studies
and characterization of cellular and tissue-based
medical products. Representatives from a number of
companies also stated that their companies are urgently
in need of quality, safety, and efficacy guidelines for
regenerative medicine candidate products. Therefore,
we recommend that the contents of notification nos.
906 and 1314 issued by the Drug and Food Bureau
of the MHLW be revised to allow prompt clinical
application of RMP in Japan. We also recommend
that autologous and allogenic cellular products be
distingunished in the guidelines because these cells
differ in some important respects.

Regarding the review system, reviews that were too
stringent and time consuming were considered bar-
riers for the prompt clinical trial and application of
RMP. Japanese regulatory agency tends to require the
candidate products to be completely safe. This overly
cautious approach has developed against a background
of several safety issues with respect to medicinal prod-
ucts. For example, unheated blood products were used

for the treatment of hemophilia patients in Japan until
1985, although a warning regarding the use of these
products had been issued by the US Centers for Dis-
ease Control and Prevention in 1983. The ongoing use
of such blood products thus caused HIV infections in
Japan, and lawsuits were filed against the regulatory
reviewers of the MHLW. This incident showed that
there was the potential for regulatory reviewers to be
subject to legal action and, hence, the regulatory review
process became overly stringent. Therefore, we believe
that limited liability for the regulatory reviewers should
be introdueed, as long as the review is carried out with
consideration given to current scientific evidence.
Frequent communication between product develop-
ers and the regulatory body is also essential, especially
during the early stage of development. Advice from
the regulatory reviewer prior to clinical trials can help
comparies to develop manufacturing schemes and per-
form appropriate pre-clinical good laboratory practice
studies. There is also the potential for the regulatory
body to advise on planning the clinical trial from a
regulatory point of view. It is also important that the
number of regulatory reviewers be increased. Although
respondents in this study considered that the perfor-
mance of reviewers had improved in recent times, there
are only approximately 30 reviewers in the Office of
Biologics of the PMDA, whereas there are more than
800 reviewers and administrators in the FDA’s Cen-
ter for Biologics Evaluation and Research. Currently,
the PMDA is attempting to increase the number of
regulatory reviewers [13]. However, some company
representatives pointed out that the quality and general
understanding of the regulatory reviewers, for example
having expert knowledge about regenerative medicine
and experience working with researchers and compa-
nies, is more critical. To this end, we recommend that
expert reviewers be sourced from pharmaceutical com-
panies or academia, and that transparency is ensured by
mandating that any conflict of interest be declared.

5. Conclusions

In this study, we found that the frameworks for pre-
clinical safety guidelines relating to RMP were very
similar in Japan, the US and the EU. However, the
review system and implementation of the guidelines in
Japan are different from those in US and the EU. Our
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interviews revealed that the major barriers to the clini-
cal application of RMP in Japan are (i) the existence of
two separate categories of clinical trials, (ii) the strin-
gent review for pre-clinical assurance of quality and
safety, and (iii) regulatory guidelines without practical
examples showing how the pre-clinical data required
for quality and safety assurance should be prepared.
For the prompt development of RMP, we believe that
the two separate regulatory pathways should be com-
bined into a single organized clinical trial pathway,
in line with the IND system. Furthermore, frequent
communication between product developers and regu-
latory reviewers (including meetings) and development
of some practical guidelines are necessary. This is the
first study in which barriers to the clinical application
of regenerative medicine in Japan have been identified.
We hope that a revision of the regulatory systems and
guidelines will be forthcoming, which will facilitate
the clinical application of RMP.
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Appendix A

Interview questions:
L. Relating to the candidate product itself and manufacturing
of the product
1-1. Material (autologous cells, allogenic cells, genes, or
others)
1-2. Place of manufacture
1-3. Targeted disease
1-4. Barriers relating to manufacturing
1-5. Barriers relating to current good manufacturing practice

2. Relating to research and development
2-1. Pre-/non-clinical studies
2-1-1. Outline of pre-/non-clinical studies
2-1-2. Analytical methods

2-1-3. Development stage
2-1-4. Barriers relating to pre-/non-clinical studies

2-2. Clinical trial
2-2-1. Clinical phase
2-2-2. “Chiken” or “clirical research™
2-2-3. Qutline of the clinical trials
2-2-4. Barrjers selafing to the clinical trials

3. Barriers in developing RMP-
3-1. Technological isstes
3-2. Regulatory issues
3-3. Social issues
3-4. Other issues
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