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Medical device development in crisis:
A movement for technology innovation
in health and medicine in Japan
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ABSTRACT

Japan is currently confronting a serious decline in medical device innovation. We identified some of
the many barriers posed by the current clinical development system in Japan, as they relate to aca-
demia, industry and regulatory agencies: a scarcity of medical engineering and bioengineering sci-
entists, two separate categories of clinical trials in Japan, a high level of uncertainty in any R&+D
schedule, leading to stagnation in the development of medical devices. We propose a new clinical
development system (CDS) to stimulate medical device development in Japan, with a central body
to facilitate the CDS process with appropriate coordination of interdisciplinary and translational
research, and through rational public funding arrangements. With the recommendations, a new
organization (Council on Health Research Promotion) has been established in the cabinet of office
of Japan, and is expected to work in an effective and efficient manner.

Keywords: Clinical development; innovation; Japan; medical devices; regulatory affairs; research and
development policy

INTRODUCTION of physical deformities of the body, and their
Medical devices that are used in medical innovations have improved healthcare worldwide.

practice for the prevention, diagnosis, Japan, the United States (US), and the European
treatment of disease and injuries, the correction Union (EU) are the three largest producers and
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consumers of medical devices in the world
(USITC 2007). In the global medical device
market, technologies developed in Japan have
contributed to important novel medical devices
being brought to market: for example, the endo-
scope and ultrasound-based diagnostic devices in
the past. In 2007, Japan’s medical device market
was ranked second in the world (USITC 2007);
in 2005, Japanese industry was responsible for
10% of world medical device production. How-
ever, Japan confronts a significant decline in
medical device innovation - e.g., medical devices
(Fig. 1) — importing a significant proportion of
its therapeutic medical devices from the US and
EU, including high-tech medical devices such as
cardiac pacemakers and drug-eluting stents
(MHLW 2007). _

However, research and development (R&D)
for new devices is generally similar in the US, EU
and Japan. During the development process,
basic research involves searching for and develop-
ing the basic ideas for devices, and applied
research involves testing the construction materi-
als and performance of the prototype. In general,
a physician and/or an engineer conceives of a
device to solve an as yet unsolved clinical prob-
lem, initiates the patent process, and builds a pro-

100 -
-3 No. of applications
80 » ®- No. of approvals
60
40
20
l..

1998 1999 2000 2001 2002 2003 2004 2005

FIGURE 1: ANNUAL NUMBERS OF NEW MEDICAL
DEVICE APPLICATIONS AND APPROVALS IN JAPAN
BETWEEN 1998 anD 2005

During the period, implementation of the amended
Pharmaceutical Affairs Law involved establishment of an
independent agency (PMDA) and revision of the regulatory
approval system.

Source: PMDZ Annual Report 2007.
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totype (Maisei 2004). Unlike drug development,
preliminary laboratory and animal testing may be
in part replaced by preclinical and exploratory
clinical research. For example, in the US the pre-
clinical stage generally takes 2-3 years, depending
on the nature of the device, and it may cost
US$10-20 million before the device is ready for
clinical testing (Kaplan et al. 2004). After the pre-
clinical stage, the safety and efficacy of a device
are tested via one or more clinical trials.

The Japanese government has known the prob-
lem for several years. Since innovation and a
strong commitment to research and development
are principal competitive factors, the Japanese
public and private sectors have made several
attempts to remedy the situation for medical
device development (Tsuji & Tsunami 2008). In
2003, the Ministry of Health, Labour and Wel-
fare (MHLW) announced a plan of action to
improve the international competitiveness of the
Japanese medical device industry. The Medical
Engineering Technology Industrial Strategy con-
sortium (METIS) was organized by industry and
academia, based on the National Industrial Tech-
nology Strategy of Japan formulated in 2000. In
the response, the Ministry of Economy, Trade and
Industry (METI) and the Ministry of Education,
Culture, Sports, Science and Technology (MEXT)
have provided more basic and applied research
funds for medical engineering research.

Consecutively, the dialog between the public
and private sectors was held with the aim of
reforming the structure of the pharmaceutical and
medical device industries in April 2007. MHLW,
METI and MEXT launched a 5-year strategy
plan for supporting the development of innova-
tive drug and medical devices (McCurry 2007).
In FY 2008, the budget for the 5-year strategy is
US$86.9 billion (US$804 million/year), and
these activities are to be ongoing administrative
programs administered by MEXT, METI and
MHLW. Furthermore, a separate special program
termed ‘super medical designated area’ for devel-
opment of innovative medical technology was
proposed in April 2008 by the Council on Eco-
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nomic and Fiscal Policy under the jurisdiction of
the Cabinet Office of Japan (CAO). This pro-
gram intends to support research and develop-
ment of projects including induced pluripotent
stem (iPS) cell-related area, regenerative medicine
products, and medical devices.

With strong social demand for health-care
services being forecast for Japan’s aging society,
many companies are interested in medical device
innovations. However, there remain critical diffi-
culties in implementing the clinical development
of medical devices, despite the directed approach-
es described above (ACC]J 2006). Here, we iden-
tify some of the many barriers posed by the
current clinical development system in Japan, as
they relate to academia, industry and regulatory
agencies, and then recommend an approach to
stimulate medical device development in Japan.

METHODS

We investigated R&D process for medical devices
in Japan. Clinical development process and mar-
keting of medical devices are controlled by the
Pharmaceutical Affairs Law (PAL) in Japan. Leg-
islative amendments of the PAL taking effect in
2005 have significantly restructured the regulato-
ry approval process (e.g., USITC 2007).

To gather knowledge of the actual situation on
medical device development in Japan, six struc-
tured interviews were conducted from April-June
2007. In total, 17 interviewees were chosen from
related parties including regulatory agency (4),
think tank (2), academia (engineering and med-
icine) (5), hospital (1), and medical device
industry (5). Subjects of these interviews were
determined to cover barriers to medical device
innovation posed by the current clinical develop-
ment system in Japan: 1) medical devices meeting
demands and their market sizes; 2) solutions for
technical problems on medical device develop-
ment; 3) policy priority for promotion of medical
device innovation; 4) improvement plan for
enhancement of international competitiveness on
medical device industry; 5) regulatory affairs for
medical device; and 6) use of medical device in

medical institutions. These interviews took
approximately two hours and were recorded
using an IC recorder. Each interview was tran-
scribed verbatim and the responses were analyzed.
Responses were analyzed by categorizing seg-
ments of the transcripts into topic areas, then
classifying them using material categories. The
responses were verified by literature information
including public guideline and reports.

RESULTS AND DISCUSSION

Specific barriers to medical device
innovation in Japan

Based on the results of interviews, the typical
process, major flaws and actual players for medical
devices development were summarized (Fig. 2).
The Japanese regulatory situation was quite notori-
ous for causing a high level of uncertainty in any
R&D schedule, leading to stagnation in the devel-
opment of medical devices. From a business point
of view, Japan’s slow and complicated review sys-
tem is regarded as a barrier to medical device devel-
opment. For example, a 1-3-year delay in
obtaining regulatory approval means that the com-
pany faces significant costs before obtaining mar-
ket approval, and this additional cost may be
added to the price of the product in the Japanese
health insurance system (JCII 2007). US industry
officials estimate that complying with changes in
Japan’s regulatory system since 2005 has cost US
companies US$350 million (USITC 2007). This is
due mainly to the duration of the Japanese regula-
tory review process, resulting from there being too
few medical device reviewers in the Pharmaceutical
and Medical Devices Agency of Japan (PMDA)
(28 reviewers in April 2007). This is less than 10%
of the number of reviewers in corresponding US
organization, the Center for Device and Radiologi-
cal Health (CDRH) of the Food and Drug
Administration (FDA). In addition, PMDA
reviewers do not have requisite experience in med-
ical device technology, as many reviewers originally
specialized in pharmaceuticals, and there are very
few medical doctors in the medical device division.
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FIGURE 2: CURRENT JAPANESE R&D SYSTEM FOR MEDICAL DEVICES
Specific problems with the process, and the activities undertaken by academia, industry and regulatory bodies are detailed.

There are two separate categories of clinical tri-
als in Japan (Tsubouchi et al. 2008). Exploratory
clinical development is allowed to be done out-
side GCP guidelines (Mechanical Social System
Foundation 2007) and as a result, to ease the reg-
ulatory burden much exploratory clinical research
by academic scientists involves clinical trials per-
formed outside the jurisdiction of the Pharma-
ceutical Affairs Law (PAL). However, there are
scientific and ethical concerns about performing
clinical research without legal guidelines to pro-
tect human subjects. Furthermore, clinical data
obtained from clinical research performed in this
way cannot be used to support an application for
regulatory approval. Therefore, developers need
to perform additional clinical trials under PAL if
they desire regulatory approval.

Barriers exist between basic and pre-clinical
research stages. Since the discovery and develop-
ment process for new devices may depend on input
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from physicians and engineers, good communica-
tion between physicians and engineers is a basis for
developing promising concepts for devices. In
Japan, however, scarcity of medical engineering and
bioengineering scientists is a major barrier due to
lack of support for human resource development in
biomedical engineering. Group culture in academia
and the absence of inter-disciplinary integration in
the Japanese scientific community also results in
poor communication between physicians and engi-
neers (Industry Institute Foundation 2007). Acade-
mia may also be less concerned than industry about
bringing a product to market, causing ill-defined
processes and goals for innovation of medical
devices in Japan by interviews.

Incoherent national R&D strategies which are
legislated by different ministries reduce investment
effect on promotion of medical device, resulting in
low Japanese government funding in R&D. Sub-
sequently, science and technology policy has yield-
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ed a deficiency in human resources and inefficient
and irrational research funding patterns. Further,
little integration exists between research programs
undertaken by academia and industry.

Recommendation for medical device
innovations
We found two critical barriers: (i) ill-defined
processes and goals for innovation due to the lack
of regulatory support for R&D; and (ii) lack of
cooperation among industry, government and
academia with respect to development of the
innovation. Since the Japanese critical barriers
essentially result from flaws of R&D system, we
here discuss appropriate R&D system to realize
medical device innovation in Japan.

Firstly, we recommend a new clinical develop-
ment system (CDS) to reform ill-defined process-
es and goals for innovation of medical devices

Central body for coordination of health
research funds

. .
Fast «track

Supportby MEXT

Supportby METI

R&D process

Basic Research
Applied Research

Pre Clinical Research

(Fig. 3). This system must provide a user-friendly
gateway for any clinical development of medical
devices, involving the relevant physicians and
engineers in academia and industry. To encourage
the invention and development of useful devices
and to protect patient safety, the system will
include frequent regulatory consultation in the
pre-clinical and clinical phases, just as the US
FDA does in their Investigational Device Exemp-
tion (IDE) system (FDA-CDRH 2003). Conse-
quently, present clinical research involving
unapproved medical devices should be terminated
and instead PAL-compliant clinical trials should
be performed, and regulatory support, including
frequent consultations beginning from the initial
phase of development, must be provided to aca-
demic researchers and industry.

In the CDS, frequent consultations should be
emphasized to reduce review times for novel med-

New regulatory agency

Consultation for R&D

 Consulation for

appropriate regulation

Consultation for
Chinical trials

Medical device innovations

FIGURE 3: RECOMMENDED STRUCTURE OF A NEW JAPANESE CLINICAL DEVELOPMENT SYSTEM (CDS)

The system would involve two functions: (i) clarification of the processes and goals for innovation, with regulatory support
for R&D; and (ii) provision of an R&D platform provided by a central body, with the mandate of facilitating cooperation

between industry, government and academia.
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ical devices. Such communication between regulato-
ry agency and applicants was a key point to clarify
defined process and goals of medical device develop-
ment because such delay in review process is often
introduced when applicants respond to reviewers.
For example, the PMDA’s review time is currently
always longer than that of the FDA, but median
review times for new medical device applications do
not differ substantially between the PMDA and
EDA (USITC 2007). Therefore, it is implied that
frequent consultations are essential to break down
the communication barrier between reviewers and
applicants in Japan. In fact, FDA provides pre-IDE
program to facilitate initiation of clinical trials, and
this contributes to reduce delays of review time due
to poor communication in the US (JCII 2007). In
Japan, PMDA also provides various consultation
programs, but these programs do not perform well
because considerable effort (documents) and cost
(consulting fee) are required for the consultation
(USITC 2007). Therefore, importance of the fre-
quent, inexpensive and user-friendly consultations
should be emphasized in the CDS.

In addition, the system should also mandate
appropriate stepwise regulatory actions for each
device development stage. In many countries,
including Japan, Good Clinical Practice (GCP)
guidelines dictate that clinical trials are required for
regulatory approval of high-risk devices such as
implantable pacemakers. In Japan, under the Quali-
ty Management System (QMS), quality assurance
procedures during the manufacturing process are
scrutinized when the license application is submit-
ted. However, many companies are facing a regula-
tory hurdle such as multiple stringent GMP/QMS
inspections conducted by regulatory agency and
public sectors at the early stages of development. For
early versions of the product, which will be used for
iterative testing to identify necessary improvements
and modifications, an appropriately low level of
manufacturing quality control should be allowable,
which may be improved to meet stringent
GMP/QMS criteria at a later stage of development.

This proposed system will impose a further
burden on Japanese regulatory agencies because
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they will need to process more clinical trial appli-
cations from academia and industry. Therefore, a
new regulatory agency is emphasized for user-
friendly consultation and good evaluation of med-
ical products. In relation to this recommendation,
the role of PMDA was intensively discussed by the
legislators of Japan’s Liberal Democratic Party and
the Japanese government decided to set up a cen-
tral office for medical innovation (Council on
Health Research Promotion: CHRP) in the cabi-
net office of Japan in 2009.

Secondly, to manage the involvement of the
relevant governmental ministries, a new central
body should be established to coordinate public
research funds (Fig. 3). This support would com-
prise developing relevant guidelines, and provide
information from a regulatory standpoint to aca-
demic researchers and small venture companies
engaged in developing device prototypes, to facil-
itate development and transfer of the concept to
larger medical device companies.

This central body would be authorized to plan
and evaluate R&D strategy for medical device
innovations, and submit budget requests to the
Ministry of Finance, like the UK Office for Strate-
gic Co-ordination of Health Research (Cooksey
2006). The central body with appropriate powers
could facilitate the CDS process through appro-
priate coordination of interdisciplinary and trans-
lational research, and through rational public
funding arrangements to support synergistic rela-
tionships and translation of research.

The discontinuous review systems (e.g., the
PMDA does not review products before they are in
their final form) and lack of industrial promotion
are also barriers to successful medical device devel-
opment in Japan. Therefore, implementation of the
recommendations described here will substantially
reduce several risks associated with the clinical
development of medical devices, and will help avoid
a crisis in the Japanese medical device industry.

CONCLUDING REMARKS
Thus, we recommend a new clinical development
system (CDS) with a central body to stimulate
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