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About Tohoku University, Sendai
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Tohoku University
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• Established in 1907
• The 1st University for International 

Research Excellence (2024)
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Contents
 Impact: Medical image diagnosis and computer (AI) 

support
 The Impact of deep learning: Radiologists will be fired?
 Example of breast cancer
Will deep learning surpass human knowledge and skills: 

Will it be useful for medicine (in clinic)?

 Challenges and educational solutions
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AI for medical image diagnosis
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• Training with 130,000 clinical images 
(double-digit increase from previous levels)

• Achievement of performance comparable to 
that of specialists
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Another example
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Cancer

 Cancer is the worst 
cause of human death
A half of population 

gets cancer in Japan
1/4 was died in Japan 

and Taiwan (more than 
40 consecutive years)

pneumonia

tuberculosis

Cancer

Oct. 26, 2024 @MacKay Memorial Hospital in Taipei 12

1975： 210,000 patients
1985： 330,000
1995： 480,000
2005： 660,000 (320,000 died)
2015： 800,000
2020： 850,000
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@MacKay Memorial Hospital in Taipei

Mammographic screening
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http://honvieew.com/ 
technology/479

US Pat. 9,808,217

sites
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Typical findings in mammogram

 Detection rate by medical interns [Hatanaka et al., 2002]
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Micro-calcification (MCC) Mass  Architectural distortion (AD)

findings MCC Mass AD
rate 94 % 85 % 60 %
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Comparison: poor performance

Before deep learning: Not good enough!!
@MacKay Memorial Hospital in Taipei 16Oct. 26, 2024

MCC  Mass         AD

findings MCC Mass AD
Interns 94 % 85 % 60 %

Computer 95 % ～70 % ～50 %
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What’s the diagnostic 
mechanism of AI?

• Rough introduction to mathematical background

@MacKay Memorial Hospital in Taipei 17Oct. 26, 2024
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Pattern recognition

@MacKay Memorial Hospital in Taipei 18Oct. 26, 2024

Feature extraction and classification
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Image (pattern) recognition
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Input

Feature 

extraction

classification ‘ Cock ’
「ニワトリ」

・ color, shape, size …

・ manual design

・ thresholding, SVM
・ manual design or machine learning
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Breakthrough
Deep learning
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Congratulations to the pioneers
 2018 Turing Award https://awards.acm.org/about/2018-turing

Yoshua Bengio、Geoffrey Hinton、Yann LeCun

@MacKay Memorial Hospital in Taipei 21Oct. 26, 2024

日経「AIのゴッドファーザー」雌伏の30年より

https://www.amazon.co.jp/Static-Dynamic-
Neural-Networks-
Fundamentals/dp/0471219487
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Application: Pattern recognition
Computer-aided diagnosis (CAD)

@MacKay Memorial Hospital in Taipei 24Oct. 26, 2024

input

Feature

extraction

classification

・ color, shape, size …

・ manual design

・ thresholding, SVM

・ manual design or machine learning

MCC

・ tinny white 

   spots

・ clusters

Mass

・ round shape

・ concentric circle

   -like intensity

AD

・ radial spicular

・ unclear 

   boundary

PCT/JP2013/8212
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Breakthrough: Deep learning

入力画像

Artificial Neural Networks

‘ Cock ’
「ニワトリ」

・ feature extraction can be done by training

・ automatic design can achieve very high performance

Oct. 26, 2024 @MacKay Memorial Hospital in Taipei 25
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RESULTS
～2015 (10 years ago)

< 1.0 / image
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Examples
The MASS classification
with probability ranking

The NORMAL classification
with probability ranking

Oct. 26, 2024 @MacKay Memorial Hospital in Taipei 27
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Will deep learning surpass 
human knowledge and skills?

• Is artificial intelligence the enemy of humanity?

@MacKay Memorial Hospital in TaipeiOct. 26, 2024 30
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Number of Masses by category
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Difficult cases in mammography 
screening
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Category 2

Category3

Category 4

Category 5

・Malignancy < 50 %
・Unnecessary biopsy

The Digital Database for Screening Mammography, Michael Heath et al. in Proceedings of the Fifth 
International Workshop on Digital Mammography, M.J. Yaffe, ed., 212-218, Medical Physics Publishing, 2001. 

AUC=0.79 (AI)
Noro et al. 2018



Impact of Artificial Intelligence on Healthcare and Society

Result
 If the doctors and CAD predictions are the same

→ Doctor’s confidence was increased 

33

Reader malignancy

Doctor 67%
CAD 100%

Doctor + CAD 88%

Reader malignancy

Doctor 43%
CAD 0%

Doctor + CAD 6.7%

Reader malignancy
Doctor 29%
CAD 100%
Doctor + CAD 57%

Reader malignancy
Doctor 63%
CAD 0%
Doctor + CAD 26%

  If the doctors and CAD predictions are different 
→ Doctors follow to CAD

Oct. 26, 2024 @MacKay Memorial Hospital in Taipei
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CAD AUC
= 0.79

Result (2)
 Diagnosis ability was improved by using the CAD

@MacKay Memorial Hospital in Taipei 34Oct. 26, 2024

Average ROC of 5 doctors Doctor Doctor 
AUC

Doctor + CAD
AUC

A 0.57 0.74
B 0.73 0.82 (> 0.79)
C 0.61 0.79
D 0.65 0.81 (> 0.79)
E 0.70 0.85 (> 0.79)

t-test
P value Significant difference

6.9 × 10−4 Yes

Exp.①
Exp.②

・AI-assist is effective
・MDs with AI are superior to AI

N. Homma et al. (2020)

Negative biopsy can be reduced
(Caused by false positive image diagnosis)
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Contents
 Impact: Medical image diagnosis and computer (AI) 

support

 Challenges and educational solutions for clinical 
applications
Differences from familiar techniques (for 

clinicians)
What patients want: accountability
Educational solution
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What’s wrong? - Reality
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Did you know?

@MacKay Memorial Hospital in Taipei 39Oct. 26, 2024
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COVID-19 pandemic
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Hidden risk: Reliable?

@MacKay Memorial Hospital in Taipei 42Oct. 26, 2024

Deep learning model accurately 
diagnosed COVID-19 infection even 
in images where the medically 
significant region was removed. 

Image processing techniques to extract or remove 
specific regions such as the lungs from the original 
images. We introduced two new datasets: one with 
intra-source balance and the other with intra-source 
imbalance that can be a hidden risk of AI training.

Zhang, Sci. Rep. （2023）
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ROC curves: Qata-COV19(Intra-
source imbalanced)

Oct. 26, 2024

@MacKay 
Memorial 

Hospital in Taipei43

Test Performance AUC
Original 0.9983
Lung boxed out 0.9980
Lung framed 0.9953
Lung removed 0.9995
Lung isolated 0.9963

• High but unreliable performance 



Tohoku University

Improvement: data quality
• Reveal clear evidence that

– Intra-source balance is vital for training data
– Deep learning model trained by intra-source imbalanced data might classify 

images based on the features characterizing data sources

• Raise concerns about intra-source imbalance

Oct. 26, 2024 @MacKay Memorial Hospital in Taipei

44

Model trained by intra-source imbalanced 
data in cross-dataset test

Model trained by intra-source balanced 
data in cross-dataset test
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Where did AI focus on?

@MacKay Memorial Hospital in Taipei 46Oct. 26, 2024

The regions focused by the two models in diagnosing COVID-19 infection: (A) The model 
trained on the intrinsically imbalanced dataset is directing attention to text ‘D’ (improper area). 
(B) The model trained on the intrinsically balanced dataset is appropriately focusing on the 
medically relevant lung region, demonstrating higher reliability in the basis of diagnosis.
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Guidelines for clinical AI-trials

@MacKay Memorial Hospital in Taipei 50Oct. 26, 2024
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Patient apprehensions*
1. Participants were excited about healthcare AI but 

wanted assurances about safety
2. Patients expect their clinicians to ensure AI safety
3. Preservation of patient choice and autonomy
4. Concerns about healthcare costs and insurance 

coverage
5. Ensuring data integrity
6. Risks of technology-dependent systems

*J. Richardson et al., Patient apprehensions about the use of artificial intelligence in 
healthcare, digital medicine, 140 (Sept. 2021),  
https://www.nature.com/articles/s41746-021-00509-1

@MacKay Memorial Hospital in Taipei 51Oct. 26, 2024

Accountability



Why AI in Medicine

The Essential Requirements for AI in Medicine

  * Increased work speed / Reduced labor effort

        - might be necessary but not enough

        - can be adequately achieved with existing methods without AI

          ( by reviewing of rules, changing mindset, and improving culture )

· required no technique
· delivered dramatic resultsMy experience

People do not accept changes in values and behavior.

* Encouraging a reassessment of existing values

        - bring about behavioral changes in people

However, these initiatives are often not carried out. Why?



For Creating Innovative AI Solutions

Aggregation of Insights from Various Experts

Strategic Project DesignInterdisciplinary collaboration

Experts in
mathematics

Experts in
economics

Experts in
sociology

Team Building

  * Mere talent pool                Innovation

  * For seamless exchange and creation of insights

      - common languages    - shared culture

      - leaders with understanding in each respective field

Experts in
medicine



AI Lab / Clinical AI

AI Lab for Innovation, Clinical AI for Education

Hokkaido University Okayama University

Tohoku University

Tohoku University Hospital School of Medicine



AI Lab - Center for Medical AI Projects

Leading for Joint Research and Development

 * Support Mathematics and Design Across Departments

Social implementation

- Resolving clinical problems

- Medical digital transformation
Department B Department C Department D

Department A
 - Survey of clinical needs
 - Acquisition of data
 - Procedure of documents
 - Recruitment of human resources

Deriving  results

AI Lab
 - Refine research design
 - Obtain grant funding
 - Introduce new technology
 - Accumulate know-how
 - Establish core algorithm

Technologies / Ideas

Needs / Data

Assist



Clinical AI - Ideal Profile of Trainees

Diverse Knowledges

Integration

Clinical insights

Design thinking

Economic perspective

Creating their own unique value

Medical expertise

Mathematical skills

Global outlook

Developing
core technology

Leading
social implementation

Synergistic effect

Practical application



Number of students

type university

First batch
(Enrolled in 2023)

Second batch
(Enrolled in 2022)

Third batch
(Enrolled in 2023)

Forth batch
(Enrolled in 2024)

Reg. KPI Reg. KPI Reg. KPI Reg. KPI

Regular
(4 years)

Tohoku 9 5 7 5 5 5 6 5

Hokkaido 8 2 17 4 14 4 13 4

Okayama 7 3 16 3 17 3 12 3

Intensive
(1 year)

Tohoku 55 7 223 7 560 7 343 7

Hokkaido 33 6 100 6 210 6 227 6

Okayama 54 6 210 6 290 6 197 6

As of July 1st, 2024



Clinical AI - Activities of Trainees

Academic Output

Career Path

Until June 2023

The next generation of medical digital transformation

Projects 152

Paper submission 28

Research funding 16

Move to
     - other research institutes
     - startup companies
     - administrative agencies

At university
- advanced research and development

     - medical data management
     - education

Number of presentations at the
Annual Meeting of Japanese Association for Medical AI

2020 2021 2022 2023

100

2% 10% 18% 26%

30

All presentation

Our presentations

34%

2024



AI Lab / Clinical AI - International Exchange

Mutual Site Visit

* Finland ( Oulu ) - 2019, 2023    * India ( Bangalore ) - 2019, 
2020

* Taiwan ( Taipei ) - 2023            * Australia ( Canberra ) - 2024



For Further Talent Development

ExCLAIM ( Experience in Creation for Leaders of AI in Medicine )

* Target: postgraduates / industry professionals

  * Method: participate in the activities as a member of the AI Lab

  * Objective: talent development for Medical AI Leaders

L

R

P

Clinical AI

ExCLAIM

Educational 
Mentor

Project Organizer / Department Manager

Medical Professionals

Medical AI Researchers

Medical AI Leaders

P P P P P P P

R R R R R

L L L
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Summary
 Impact: Medical image diagnosis and computer (AI) 

support
 Challenges and educational solutions for clinical 

applications
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医用画像工学分野
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