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A Concept for a Japanese Regulatory Framework for 
Emerging Medical Devices with Frequently Modified 
Behavior

Nagomi Ota1, Keisuke Tachibana1, Tetsuya Kusakabe2, Shoji Sanada2 and Masuo Kondoh1,*

Recent progress in the Internet of Things and artificial intelligence has made it possible to utilize the vast quantity of personal 
health records, clinical data, and scientific findings for prognosis, diagnosis, and therapy. These innovative technologies 
provide new possibilities with the development of medical devices (MDs), whose behaviors can be continuously modified. A 
novel regulatory framework covering these MDs is now under discussion in Japan. In this review, we introduce the regulatory 
initiative for MDs and the importance of a paradigm shift from regulation to innovation regarding MDs.

Medical devices (MDs) range from things like scalpels, nee-
dles, x-ray films, digestive catheters, and artificial bones, 
through to pacemakers and artificial heart valves; software 
programs can also be included among MDs. MDs can be 
used by doctors, clinical engineers, nurses, system integra-
tors, system designers, and patients, and the specifications 
of MDs are often modified and revised during the period 
of their clinical use. Recent rapid advances in the technol-
ogy of the Internet of Things now makes it easy to access 
personal health records and personal clinical data, and arti-
ficial intelligence (AI) can process this “big data” and utilize 
it for medical prognosis, diagnosis, and therapy. These 
innovative technologies provide new possibilities with the 
development of MDs with frequently modified behavior in 
the postapproval phase. For instance, the BRACAnalysis 
CDx is an MD intended for the qualitative detection and 
classification of variants in the protein-coding regions and 
intron/exon boundaries of the BRCA1 and BRCA2 genes, 
aiding in identifying patients with ovarian cancer with the 
BRCA variants who are most likely to benefit from treat-
ment with olaparib.1 The classifications of variants may be 
subjected to change over time as new evidence becomes 
available for evaluation during the classification process.

Under the current regulatory framework, revision or mod-
ification of MDs is classified into either minor or partial 
changes: with minor changes, notification of the change just 
needs to be submitted to the regulatory body; with partial 
changes, an application for change must be submitted to 
and approved by the regulatory body. The Japanese Ministry 
of Health, Labour, and Welfare (MHLW) has outlined four cri-
teria that necessitate application for a partial change2: when 
the changes to the MD will increase the foreseeable risks 
(criterion 1) or produce new risks (criterion 2) for patients; 
when the influences of the changes on the efficacy and 
safety of the MD are unclear (criterion 3); and when changes 
in the structure and principle of the MD can lead to MDs 
that are different from the parent MD (criterion 4). Under 

these criteria, most emerging MDs with modifiable behav-
iors would be subject to constant applications for partial 
changes because their functions and versions will be contin-
uously changing. Thus, a new regulatory concept is required 
in order for patients to have timely access to emerging MDs 
while guaranteeing their safety and efficacy.

It is time for the next revision of the Japanese Act on 
Securing Quality, Efficacy, and Safety of Products Including 
Pharmaceuticals and Medical Devices (formerly the 
Pharmaceutical Affairs Act). A plan for the regulatory frame-
work has been discussed by the Health Sciences Council 
of the MHLW,3 a draft version of the Act was proposed to 
the Japanese National Diet in March 2019,4 and the revised 
version of the Act (Act No. 63 of 2019) was published in 
December 2019.5 In this paper, we overview an initiative for 
regulatory control in Japan of emerging MDs that are fre-
quently changeable.

POINTS TO CONSIDER FOR REVIEW OF FREQUENTLY 
CHANGING MDS, SUCH AS AI ALGORITHMS-DRIVEN

AI can be classified by the type of algorithm used: expert 
system, machine learning, or deep learning. Expert sys-
tems use rules that are created from analysis of data by the 
users or manufacturers. However, when data sets become 
too broad and large for the users or manufacturers to make 
rules, the expert system fails because it cannot create rules 
from the data by itself. In contrast, machine-learning and 
deep-learning systems can create rules from the data by 
themselves. Machine learning is a semi-automatic system 
because the protocol used to analyze the data needs to be 
provided by the users or manufacturers. On the other hand, 
deep learning analyzes data and creates rules by itself. 
These AI algorithms can continuously modify the behaviors 
of MDs whenever learning data are input into the MDs.

Since 2005, the MHLW has organized a series of meet-
ings to evaluate novel medical products to allow their timely 
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access to patients with a guarantee of their safety and effi-
cacy,6 and, in 2017, a working group was set up to discuss 
points to be considered for evaluation of algorithms-driven 
diagnostic MDs in the review by the Pharmaceuticals and 
Medical Devices Agency of Japan (PMDA). Very recently, 
draft papers for those points have been published.7 The 
characteristics of emerging MDs are unclear because the 
process between the input of data to the output of data takes 
place within a “black box.” In these cases, the behavior of 
the algorithms-driven MDs is confirmed by investigating 
whether the input data lead to the intended output data. For 
confirmation of their behavior, the marketing authorization 
holder needs to explain the validity of the input data and 
the intended output data. Such MDs need to be equipped 
with an alarm system to notify when unintended behaviors 
occur, and intended users may be limited to those who can 
adequately respond to instances of unintended behavior 
by the MD. If MDs automatically and frequently change in 
the postapproval phase, there needs to be the capability of 
managing the MDs remotely by connecting with the market-
ing authorization holders via the Internet.7

It is commonly assumed that MDs will be driven by 
Internet-connected AI algorithms and, therefore, that the 
MDs will be able to be managed by the marketing authori-
zation holders. As the specifications of computers improve, 
however, future MDs will be possibly driven by AI algorithms 
contained within the MDs themselves. In the latter type of 
MDs, the behavior of MDs will differ in each clinical situation 
because the input data will be different in every clinical situ-
ation. In these cases, a quality management system for MDs 
is required. For instance, the marketing authorization holder 
will provide a standard protocol to users for collection of 
learning data, quality management of MDs, and confirma-
tion of their behavior. When MDs automatically modify their 
behaviors in a hospital setting, a hospital clinical engineer 

should always monitor their operation; system integra-
tors, system designers, and medical device designers also 
should be responsible for the safe and effective operation of 
AI algorithms-driven MDs.

A NEW CONCEPTUAL REGULATORY FRAMEWORK 
FOR FREQUENTLY CHANGING MDS

The Japanese Pharmaceutical Affairs Act is scheduled to 
be revised within 5 years of it coming into effect in 2014. 
An MHLW committee discussed revision of the Act in 2018, 
and discussed a novel regulatory framework for contin-
uously changing MDs. The point is how to balance risk 
management with timely patient access to innovative MDs. 
The committee proposed a novel framework wherein plans 
for partial and minor changes of MDs considered likely to 
occur in the postapproval phase are confirmed in the initial 
approval phase.3

Under the current review system, the MHLW and PMDA 
sequentially require appropriate nonclinical and/or clinical 
data for evaluation of the efficacy and safety of modified 
MDs. Under the novel review system, the MHLW and PMDA 
will require both clinical data and a postmarketing partial 
and minor modification plan when the parent MDs are sub-
mitted for application review (Figure 1).8 Once the MDs 
have been approved, when the modifications are within 
the scope of the approved postmarketing partial and minor 
change plan, the MHLW might approve the change appli-
cation not by review of clinical data but by confirmation of 
them, resulting in patients having more timely access to 
the modified MDs than under the current review system 
with a guarantee of safety and efficacy. This framework is 
expected to guide appropriate reviews, regulations, and 
innovations with frequently changing MDs, such as AI algo-
rithms-driven MDs.

Figure 1 A concept for a regulatory framework to review plans for partial and minor changes in medical devices (MDs). The approval 
system is to review the clinical data and the postmarketing change plan. When the change occurs in response to collection of data in 
real-world use according to the approved change plan, it will be confirmed whether the change is within the scope of the change plan. 
If the change is outside the scope of the plan, the change notification will be rejected.
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A PARADIGM SHIFT FROM REGULATION TO 
INNOVATION

From December 24, 2015, to July 29, 2016, an advisory panel 
set up by the MHLW discussed how to stimulate innovation 
for economic growth by Japanese medical ventures, which 
are venture companies involved with medical devices, drugs, 
and cellular and tissue-based products.9 The advisory panel 
proposed three principles of a paradigm shift in the regu-
latory framework necessary to spur innovation by medical 
ventures: from regulation to development, from cautious 
to speedy, and from macro to micro.10 The first principle is 
appropriate regulation from the point of view of the venture 
company. In this context, this principle does not necessar-
ily mean that regulation is a roadblock to innovation. When 
regulation is carried out appropriately, it is the actual path-
way to achieving real and lasting innovation.11 That is to say, 
“Those who master regulation achieve innovation.” The sec-
ond is promotion measured with the sense of urgency of 
patients, and the third is support suitable for each company. 
The situation of innovative MDs vs. MDs in general is similar 
to that of medical venture companies vs. mega pharma be-
cause of the smaller scale, larger diversity, and faster speed 
of development of frequently changing MDs than those of 
general MDs, such as scalpels, needles, x-ray films, cathe-
ters, artificial bones, and pacemakers.12 A similar paradigm 
shift also needs to occur with respect to innovative MDs be-
cause these innovative MDs require a regulatory framework 
that promotes their development and their safe access by 
patients and that these points are optimized for every inno-
vative MD. A series of early approval systems for medical 
products has already been established in Japan, leading to 
acceleration of patient access to innovative medical prod-
ucts.13 The basic concept of that early approval scheme is to 
balance risks and benefits by rebalancing premarketing and 
postmarketing burdens considering the characteristics of 
each medical product. Plans for postmarketing surveillance 
and criteria for optimal use are reviewed in that conditional 
early approval system. The concept for the newly proposed 
regulatory framework for MDs presented in this paper is 
consistent with this paradigm shift from regulation to devel-
opment, from cautious to speedy, and from macro to micro.12

The behavior of frequently changing MDs is dependent 
on the quality of data. With regard to this point, the excellent 
healthcare infrastructure that has been established in Japan 
gathers health data throughout the whole life of an individual, 
including even before birth. For instance, under the Maternal 
and Child Health Act it is obligatory for hospitals to survey the 
health of mother and fetus during pregnancy by recording data 
in the maternal handbook and to survey the health of the child 
from birth until 5 years old. Under the School Health and Safety 
Act it is obligatory for doctors to survey the health of students 
in schools, colleges, and universities. Under the Industrial 
Safety and Health Act it is obligatory to survey the health of 
employees once a year while people are in the workforce after 
graduation from school, college, or university. Under the Act 
on elderly health care, it is obligatory to survey the health of 
elderly people once they retire from work. Taken together, all 
people in Japan have personal health records, as defined by 
the various Acts, for every stage of their lives, even during the 

fetal stage. The Next-Generation Medical Infrastructure Act, 
that came into effect on May 11, 2018, will make it possible for 
academic bodies, government, commercial enterprises, and 
businesses to use these personal health and medical records 
for medical research in accordance with procedures deter-
mined by the Act.14 Thus, Japan has the highest quality and 
the largest quantity of personal health data in the world, and 
Japan has also established an environment in which personal 
health records can be utilized for medical innovation. A para-
digm shift in the regulatory framework, such as the reviewing 
of plans for partial and minor changes of MDs at the time of 
submission for approval, will accelerate development of inno-
vative MDs, such as companion diagnostic devices, leading 
to cost-effective research and development of drugs in Japan.
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