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the accumulating mass of medical

Big Data from genomes, patient records
and diagnostic samples to the development of next-generation medicine.

research spheres.

Development of Preemptive
Medical Personnel via New
Graduate Program

Doctoral Program:
Biomedical Sciences and Engineering
(3-year doctoral program)

Integrative Biomedical Sciences Programs for Preemptive Medicine

[4-year program]
Clinical Statistics and Bioinformatics
Graduate Program

[3-year program]
Medical Devices and the Internet of Things (IoT) Graduate Program
[3-year program]
Biomedical Sciences and Chemical Biology Graduate Program

Master’s Program: Health Sciences and Biomedical Engineering
(2-year master’s program)
Medical Sciences Program for Preemptive Medicine
Master of Public Health in Global Health (MPH) Course
Master of Medical Administration Course

Cooperative Doctoral Course in Disaster Nursing Track (5-year doctoral program)

V

arious researchers are applying

Doctoral Program:
Medical and Dental Sciences
(4-year doctoral program)

Nursing Innovation Science Track (5-year doctoral program)
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University of Chile and TMDU Joint Degree Doctoral
Program in Medical Sciences with mention of a
medical specialty (5-year doctoral program)

The use of ‘Big Data’ is growing across a wide range of
fields, but in none are expectations so high as in medicine.
AI-based analysis of huge volumes of medical data has the
potential to transform healthcare in areas such as preemptive medicine and personalized medicine. Tokyo Medical
and Dental University has reorganized its graduate school
courses in line with the new ‘future of medicine.’ TMDU
researchers are also making specific advances in these exciting fields.

Tokyo Medical and Dental University and Chulalongkorn
University International Joint Degree Doctor of Philosophy
Program in Orthodontics (5-year doctoral program)

The Future of
Medicine Using
Big Data and AI

Graduate School
of Health
Care Sciences
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Biomaterials and Bioengineering is also
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Hajime Karasuyama
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TMDU is focused on promoting progressive research toward such a future.
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The Future of Medicine Using Big Data and AI

Future of Medicine Using Genomic Big Data and AI

Cutting-Edge Data-Derived Medical Engineering

At the Medical Research Institute, to
promote personalized medical treatment
and preemptive medicine, Prof. T. Tsunoda is searching for causes of disease
and new biomarkers based on the integrative analysis of clinical information
and other biodata derived from genomic and other omic profiles. His specialty
is mathematics-based genomic medicine and biomedical science. One of the
methods he applies in his research involves the use of AI.
“AI is a convenient way of analyzing
medical Big Data. Having collected a
vast volume of medical information,
you can apply deep learning or other
methodologies to train the AI. It is especially good at quickly drawing inferences or making predictions from data
analysis. For example, we can expect
AI-based analysis to be a useful adjunct
to medical treatment by helping us discriminate between subtypes of diseases
based on various symptoms, medical
histories or physical findings, or by us-

At TMDU’s Institute of Biomaterials

based on deviation from standard pa-

and Bioengineering, Prof. Y. Nakajima

rameters. The data also provide a

is researching the integration and auto-

searchable database of detailed medical

mation of various medical data. His

knowledge.

ing genetic data to select drugs with
fewer side-effects.”
Practical examples of everyday AI application in medicine could include
supporting treatment in emergency
rooms or in remote areas, or reducing
the incidence of medical malpractice
due to human error based on the daily
monitoring of vital signs.
“TMDU is steadily accumulating
medical data on a large scale, and has
begun preventive and preemptive medicine at the Center for Personalized
Finding
of disease
causes

Medical
Big
Data

Professor

Tatsuhiko Tsunoda

Department of Medical Science Mathematics
Medical Research Institute

Medicine for Healthy Aging. Our aim is
to prevent disease at the level of individuals by combining genomic data
with information on lifestyle habits to
help optimize disease prevention efforts.”

Molecularbased
subtype
classification

■Optimum drug
A
B
■Preventive
measure

Clustering
Network
Latent structural
analysis
Data mining
in a vast time
and space

Differential
diagnosis

Prediction
for
individuals
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Mathematical scientific approaches
(Bayes, deep learning, AI, latent structural analysis)

on the links between computers and

tic imaging data from CT or MRI scan-

medical treatments. One approach is a

ners and conduct multi-dimensional

institute has specialists in many differ-

surgical navigation system driven by

analysis by applying the inter-data rela-
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new possibilities in next-generation

combines data from preoperative treat-

create mapping with other data.” The
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surgery to guide surgical instruments.

Emergency
medical care

man models to establish parameters for

Another approach uses deformable hu-

High-dimensional medical image scanning

Standing-position CT scan

Department of Biomedical Information
Institute of Biomaterials and Bioengineering

Organ recognition, disease detection and therapy planning using
statistically described deformable human models

Artificial-joint 4D tracking

Planning software Automatic surgical
Electric medical planning
record

the location and size of healthy organs,
relevant visual, textual or other information. By combining this information
with data from patients, it is possible to

Augmented reality(AR) and projection mapping(PM)
in surgical navigation

3D quantitative endoscopy

Multi-media database and medical IoT platform
A novel database unifiedly identifying, combining, and
processing multimedia data and programs

estimate the probability of disease

Body-mounted compact surgical robot

Using AI to Analyze Pathology Images

New Data-Related Personnel Development Program
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Shumpei Ishikawa
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Department of Genomic Pathology
Medical Research Institute
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Jun Tsujii, the head of the

use in pathological diagnosis. “With
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Artificial Intelligence Re-
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tional Institute of Ad-
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Normal cell

these characteristics itself by learning

Output layer

from large quantities of data. In clinical
pathology, diagnosis is based on the ap-

Neuron
Synapse
Cancer cell

for image analysis, the AI can work out

Pathological image ＝ Input layer
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Manager
Medical Data Sciences Office

cate the need to look for genetic dis-

way of making sure nothing is over-

Neural network model for deep learning

Hiroshi Tanaka

Prof. Tanaka, the program coordinator

supporting diagnosis in such cases, as a

human input is required to identify

Specially Appointed Professor

the program, MEXT has set up the

In the Department of Genomic Pathol-

earlier machine learning approaches,

Organ part recognition
and analysis

Intuitive surgical-information visualization based
on AR/PM and robotic technologies

based on links between these parts and

Curbing of
medical
malpractice

j

“In my research, we combine diagnos-

ment plans with images taken during

Daily physical
diagnosis

( ),

specialty is medical engineering based

Selection of
optimum
treatment

Medical care
in remote
areas

Machine learning,
statistics,
system analysis

Professor

Yoshikazu Nakajima

Intermediate layer (multiple layers = many)

“The data science lectures alone will be
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ishing the program.”

Activities of Consortium for Data Sciences in Medical Care and Drug Discovery

Consortium for Data Sciences in Medical Care and Drug Discovery
Working group activities

Open Innovation Working Group

Data scientist development activity
Common courses (lectures and practice of Big Data, AI, and IoT)
Specialized courses
AI drug discovery
Big Data medicine

(genomic medicine, Biobank, mHealth) (Big Data drug discovery, AI drug discovery)

Training programs
Tohoku Medical Megabank: Use of Big Data and supercomputer
National Center for Global Health and Medicine: Identification of issues,
data usage, pharmaceutical companies, IT companies
TMDU: Use of AI drug discovery program for training

