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“Regulatory science is a science that makes accurate 
predictions, assessments, and judgments based on 
evidence to adjust the outcomes of science and 
technology to the most desirable form in harmony 
with people and society.”

Regulatory Science in Japan

By Dr. Mitsuru Uchiyama, Director General National 
Institute of Health Sciences, in 1987

“Promotion of Regulatory Science” was approved in the Fourth Science 
and Technology Basic Plan in Japan (August 2011: Cabinet Decision).



Sharing Roles in Regulation and Regulatory Science in Japan
of Pharmaceuticals, Medical Devices, and Other Medical Products

⚫Ministry of Health, Labour and Welfare (MHLW)

• Basic policy, law, and official notices

• Authorization

⚫Pharmaceuticals and Medical Devices Agency (PMDA)

• Consultation, review, compliance assessment, inspection, and post-approval surveillance

• Collection and organization of information about adverse effects

• Development of regulatory guideline drafts and standards including JP

• Relief services for adverse health effects

⚫National Institute of Health Sciences (NIHS)

• Development and standardization of official evaluation methods and tests

• Development of technical guideline drafts (mainly on quality and nonclinical aspects)

• Testing adulterated and/or marketed products as OMCL

• Conducting research studies to accurately evaluate the quality, safety, and efficacy of 
medical products

⚫ Japan Agency for Medical Research and Development (AMED)

• Grant program to facilitate medical R&D



PMDA’s Lead of Regulatory Science
Establishment of the Regulatory Science Center (est. April 2018)

1. Functions as the PMDA’s command center

2. Actively utilizes clinical trial data and electronic healthcare records

3. Promotes innovative approaches to advanced therapies and 
technologies
・Horizon Scanning
・Science Board
・Real-World Data Utilization



• Support for epidemiological data evaluation and 
study planning 

• Product review-related pharmacoepidemiological 
investigations

Office of 
Research 

Promotion

Office of
Medical 

Informatics
and Epidemiology
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Evaluation with 
Electronic Data
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New

Drugs

Office of 
Safety

• Support for advanced 
analyses

• Creation of disease 
models for data 
evaluation

• Safety measures based on 
epidemiological analysis

• Safety measure-related 
pharmacoepidemiological 
investigations

• Safety measures based on cross-
product analysis

• Searches for safety signals

Regulatory Science Center of PMDA 



Report on
Technology A Regulator

Regulator

Emerging Technologies

Without Horizon Scanning…

With Horizon Scanning…

・ Proactively scan the horizon 
for emerging trends and technologies

・ Make necessary regulatory preparations

Regulators：
cannot keep pace 
with accelerating 
innovation…

Stakeholders：
unsure of 
regulations…

Horizon Scanning



PMDA’s Response to the COVID-19 Pandemic

https://www.pmda.go.jp/english/index.html

https://www.pmda.go.jp/english/index.html


Conducting research studies (regulatory science) to accurately evaluate the quality, safety, and 
efficacy of pharmaceutical products, foods, and numerous chemicals in the living environmentMission

Priority Researches

1. Enhancing the development of 
advanced medicines and medical devices

➢ Regenerative and cell medicine products, gene
therapy products, highly modified antibody drugs, 
medium molecule peptide drugs, nucleic acid drugs, 
molecular target drugs, companion diagnostics, and 
radiopharmaceuticals

➢ New formulation/manufacturing technology and 
advanced quality control for continuous production, 
DDS, nanomedicine, and IoT

➢ Advancement of nonclinical test methods related to 
safety and efficacy evaluation for medical devices 
and medical materials

➢ Application of iPS cells for drug discovery and 
introduction to safety pharmacology

➢ Nonclinical and post-marketing evaluation method 
research corresponding to conditional early 
approval

2. Ensuring the safety of food, chemical, 
and living environment

➢ Assessing the safety of foods, food additives, food 
utensils, containers, and packaging by considering an 
increase in international food distribution

➢ Research on prediction/evaluation and management 
based on food risk analysis

➢ Food allergy research in which sensitization pathways 
are diversified

➢ Health risk assessment of chemical substances such as 
indoor air and household products and elucidation of 
the cause of pollution accidents

➢ Modernization of nonclinical safety test methods and 
development of animal replacement methods aiming at 
improving predictability in humans

➢ Enhancement and strengthening of various safety 
databases using ICT

➢ Development of the toxicity test method for the next 
generation

3. Supporting indispensable tests and 
inspections for health crisis management

➢ Testing and inspection as an Official Medicines 
Control Laboratories (OMCL) accompanying the 
internationalization of pharmaceutical GMP

➢ Tests and inspections to ensure the quality of 
generic drugs

➢ International standardization of Kampo preparations
➢ Structural analysis, structural-activity correlation 

analysis, analysis method, and database creation for 
countermeasures against dangerous drugs and 
illegal pharmaceutical products

➢ Response to food terrorism
➢ Response to widespread food poisoning
➢ Monitoring of radioactive contamination of food
➢ Monitoring residual pesticides in food
➢ Participation in compiling a compendial

Regulatory Science Research in NIHS

4. Integrated research in the fields of pharmaceuticals, foods, and chemicals

➢ Construction of the chemical safety big database and development of basic technology for predicting human safety of pharmaceuticals, foods, and chemicals using AI
➢ Research for social implementation of genome editing technology



• In silico/Deep learning/Artificial Intelligence (AI) 

• OMICS; Toxicogenomics Technology

• Microphysiological System (MPS)/Body-on-Chip 

• Desorption Electrospray Ionization-Mass Spectrometry (DESI-MS) 

• MRI for Animal Study

• Quantitative-NMR

• Atomic Force Microscopy (AFM)

• Next-Gen Sequencing (NGS)

• Cryo-Electron Microscopy

• iPS Cells

• Genome Editing Technology; CRISPR-Cas9

Emerging Technologies Applied to Regulatory Science Research in NIHS



Development of chemical safety big database and AI-platform to support human 
safety assessment of pharmaceuticals, foods, and household chemicals

2. Data integration

New data

1. Data collection

Public Databases
⚫ AMES NIHS DB 
⚫ HESS repeated dose tox DB
⚫ Percellome toxicogenomics DB
⚫ Preclinical safety dataset

Construction of a big database and prototype of AI platform

◼ OECD QSAR Toolbox
◼ ToxRef, OpenFoodTox
◼ PubMed
◼ AOP Wiki

AI

NIHS legacy data

Outcome prediction Data input

Repeated learning

◼ Clinical/side effect information
◼ Pharmaceutical references/interview 

forms
◼ Suspected food-drug interactions
◼ Pharmaceutical fraud

AI-CSAFE
AI-Based Chemical Safety Assessment 

Forward Evolution platform

⚫ Biosimilar: post-
marketing safety info

AI

Validation and actual use studies

3. Risk prediction model

Drug candidatesFoods and household chemicals

Setting reliable safety 
evaluation criteria
➢Avoid poisoning and 

overdose
➢Avoid long-term exposure

Optimization of drug 
candidate molecules
➢ Reduce animal testing
➢ Reduce development 

time

Introduction of reliable 
management standards
➢ Prevent side effects
➢Avoid medication to 

contraindicated cases

⚫ Structure
⚫ PhysChem
⚫ Exposure

⚫ Toxicity of chemicals
⚫ Side effect of pharmaceuticals
⚫ Post-marketing safety of biosimilars

Pharmaceuticals Biosimilars

Optimization of 
safety standards
➢ Promote the 

development and 
use of biosimilars

Regulatory needs

https://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwitgofhyvbTAhXKJZQKHQ9MDRQQjRwIBw&url=https://openi.nlm.nih.gov/detailedresult.php?img=PMC2865023_ijn-5-285f5&req=4&psig=AFQjCNEtVqyJK0ZSzXf2LFuQf8Gm7n8doA&ust=1495098610395787


1.  Shanghai Institute of Organic Chemistry China
2.  Altox Ltd. Brazil
3.  The Ohio State University USA
4.  Leadscope, Inc. USA
5.  Institute di Ricerche Farmacologiche Italy
6.  IdeaConsult Ltd. Bulgaria
7.  MultiCASE Inc. USA
8.  Lhasa Limited UK
9.  Istituto Superiore di Sanita Italy
10. Gifu University Japan
11. Massachusetts Institute of Technology  USA
12. Simulations Plus, Inc USA
13. Chemotargets Spain
14. Bourgas University Bulgaria
15. The University of Sydney Australia
16. Meiji Pharmaceutical University Japan
17. Liverpool John Moores University UK
18. National Institute of Health Sciences Japan

Mutagenesis Special Issue, 34 (2019) 

AMES/QSAR/AI International Challenge Project

Outcome of the 1st Project (-2017)
Participants of the 2nd Project to improve 

QSARs and develop AIs to predict  
mutagenicity of chemicals substances (2020-)

http://www.nihs.go.jp/dgm/2nd_amesqsar.html



Hepatotoxicity Prediction Model and Literature Search Tool
to Support Safety Assessment

Hepatotoxic
ity

(learning 
data)

Structure
（InChI）

Hepatotoxicity AOP event
in vitro bioactivity data

Structural alert
Reactive metabolite

1D 1,824DUp to 774D

① with structure

② with structure and in silico/in vitro data

(A) Hepatotoxicity model

(B) Literature search
Positive example Negative example

Abstract of papers cited 
in international risk 
assessment reports



Toxicogenomics Study（Percellome project）

• Prediction of repeated-dose toxicity from the 
existing data of single-dose experiments
✓ Noncoding RNA expression analysis of repeated-

dose mice’s liver
✓ Analysis of epigenetic mechanism

genome DNA methylation analysis of repeated-dose mice’s liver

• Integration with the rat transcriptome data of NIBIO 
Toxicogenomics Project

• “Open Data” service of the Percellome DB and 
International common platform of bio-informatics 
software

“New model” of repeat-dose experiment

Single-dose experiment

final administration
(4 dose-setting)

Repeat administration to all animals
in same condition

Single dose
(Four dose-setting)

Keep without any treatment

TTG044-L_SpNC_0
Tmed5

TTG129-L_SpNC_0
Tmed5

Comparison 
analysis

Gene
expression
analysis at 2, 4,
8, and 24
hours after
the final
administratio
n

Absolutized 
NIBIO TGP

transcriptome 
DB

rat, 200 chemicals, 
total of 5.2 hundred 

million genes

mice, 150 chemicals,
multi organ,

total of 6.5 hundred million 
genes

Percellome
toxicogenomics DB

||
International common platform of bio-
informatics software

Fundamental technology maintenance and 
applied technology development for the  

system toxicology analysis Apply machine-learning technology

Joint research with bioinformatics research group

In-house development of
promoter analysis software



Microphysiological System (MPS): Body-on-a-Chip

Oxygen con.
sensor

Pump
Medium
reservoir
bottle

Medium
waste
bottle

Chip

Tubing

Culture 
material 

Culture equipment

Cell

Culture surface



Desorption Electrospray Ionization-Mass Spectrometry 
(DESI-MS) 

https://www.waters.com/waters/ja_

Charged droplets 

Secondary droplet containing analytes

• Qualitative and quantitative research method
• Ambient analysis technique to visualize the spatial localization and 

distribution of molecules without sample preparation 
• Compatible with histopathological workflows such as H&E staining

MS



NIHS’s Response to the COVID-19 Pandemic

◼Supporting the development of COVID-19 drugs
➢ Study on safe and effective inhalation method for pulmonary inhalation drugs 

◼Ensuring reliability of in vitro diagnostics for the COVID-19 infection
➢ Development of a PCR primer crossing analysis system for COVID-19 diagnostics

• http://www.nihs.go.jp/mtgt/covid-19info.html
➢ Validation of performance of COVID-19 PCR diagnostic kits
➢ Validation of performance of COVID-19 antibody diagnostic agents
➢ Supply of positive controls for COVID-19 antibody diagnosis and standardization

◼Dissemination of scientific information on the COVID-19 pandemic 
(pharmaceuticals, diagnostics, and foods)

• https://www.nihs.go.jp/sars-cov-2/index.html

http://www.nihs.go.jp/mtgt/covid-19info.html
https://www.nihs.go.jp/sars-cov-2/index.html


Summary
• Regulatory science contributes to newly developed prevention, diagnosis, and treatment for 

diseases and establishes a system that can lead the results to practical use of pharmaceuticals 
and medical devices as soon as possible, which promotes life innovation (realization of a healthy 
and long-lived society by creating innovative medicines and medical devices originating in 
Japan). 

• PMDA established the “Regulatory Science Centre” expecting it to play a central role in the 
incorporation of innovation into the regulatory system.

• PMDA identifies emerging technologies at a very early stage and properly evaluates whether 
they are effective in product development (Horizon Scanning).

• NIHS develops and maintains guidelines for the evaluation and development/examination of 
efficacy/safety of pharmaceuticals, medical devices, and regenerative medicine products and 
conducts research related to them based on regulatory science.

• NIHS incorporates emerging technologies to scientifically accurately assess the quality, safety, 
and efficacy of the effects of drugs, foods, and chemicals on humans.

• PMDA and NIHS are currently working on solving the COVID-19 pandemic, supporting the 
development of therapeutic drugs and medical devices, improving diagnostic technology, and 
disseminating scientific information on COVID-19.



Thank you for your attention !!

http://www.nihs.go.jp


