PROGRAM

1. KIOM 30th Anniversary International Symposium
October 29 (Tue.) 2024, 10:00 ~17:00 | KIOM, Guam Building, Main Auditorium

10:00~10:30 Opening
Keynote Session - Celebrating the Past, Present, and Future
A - ", Byungmook LIM |
10:30~11:00 The Past, Present, and Future of Traditional Korean Medicine Research Puasan Nationl Linivessity
Leveraging the BraveNet Practice Based Research Network for Jeffery Dusek |
11:00~11:30 Understanding The Impact of Integrative Medicine: matis =W
The Past, Present and Future University of California - Irvine
11:30~13:00 Lunch
Session 1 - Future Society and Traditional Korean Medicine Chair : Byungcheul SHIN | Pusan National University
; ; : : .. Changsub UHM |
13:00~13:20 Transforming the Paradigm of Korean Medicine for Future Healthcare Korea University
; ’ ; L £ A Daging Ma |
13:20~13:40 Postoperative Delirium: Mechanisms and Prevention imperial College London
: . Convergence of Traditional Korean Medicine and Synithetic Biology:
12407120 Innovative Research and Future Perspectives Loz Rl 22
14:00~14:20 Research on Traditional Korean Medicine to Overcome Disease Taesoo KIM | KIOM
14:20~14:35 Q&A
14:35~15:00 Break

Session 2 - Future Technology and Korean Medicine Chair : Kyungmo PARK | Kyunghee University

Vrtaly Napadow | *Cnline Recording

15:00~15:20 The Role of Neuroimaging in Understanding Brain Mechanisms of Acupuncture Hanvard Uriive sty
15:20~15:40 Neuroscience-based Research Strategy for Acupuncture Meridian ICT Jaeuk KIM | KIOM
Convergence Technology

Development of an Al-ready, High-quality Clinical Big Data Platform for the

15401600 Digital Transformation of Traditional Korean Medicine SghnLEE IICH

, , . _ : . Claudia Witt | 0niine fecording
16:00~16:20 Integrative Health & Al: Strategic Approaches for the Future of Medicine Univessityof Zurich
16:20~16:35 Q&A
16:35~16:55 Prize Draw
16:55~17:00 Closing

* The 2024 KIOM Research Networking Day will be held simultanesouly (Venue: Guam Building, in front of the Main Auditorium)
* Lunch will be provided to the symposium participants
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OPENING REMARKS

CINTERNATIONAL SYMPOSIUM COMMEMORATING
THE 30TH ANNIVERSARY OF KOREA INSTITUTE OF ORIENTAL MEDICINE>

Distinguished Guests, | am Jin-Yong Lee, President of the Korea Institute of Oriental Medicine.
It is an honor and a great pleasure for me to be here today.
This year marks the 30th anniversary of the founding of the Korea Institute of Oriental Medicine.

For the past three decades, we have dedicated ourselves to the specialized research and development of Oriental Korean medicine,
driven by our mission to contribute to the health and well-being of the public and humanity. Today, the Korea Institute of

Criental Medicine is hosting an international symposium to celebrate our 30th anniversary. We have invited experts from home and
abroad to reflect on the path Oriental Korean medicine has taken and to explore its roles and potential in the society of the future.
First, | would like to express my sincere gratitude to Chairperson Kim Bok-cheol of the National Research Council of Science and
Technology for taking the time to join us, President Yoon Sung-chan of the Association of Korean Medicine for attending following the
30th-anniversary ceremony, Vice President Ko Sung-kyu, representing the Society of Korean Medicine, and to all the distinguished
experts and guests from home and abroad who will be presenting today. | would also like to extend a warm welcome and gratitude to
the experts from the United States, the United Kingdom, Switzerland, and other countries who have joined us in person or online,
due to difficult circumstances.

Criental Korean medicine has established itself as an integral part of Korea's healthcare system and has now gained global attention
beyond the borders of Korea. The Korea Institute of Oriental Medicine has contributed to enhancing the credibility and value of
Oriental medicine through foundational research in Oriental Korean medicine, therapeutic techniques, herbal medicine, medical devices,
and informatics, as well as through interdisciplinary studies with advanced science and technology. We are also actively engaged in
various international collaborative research efforts, including joint studies with the Martinos Center at Harvard Medical School and the
China Academy of Chinese Medical Sciences. We have taken the lead in establishing international standards for traditional medicine
and strengthening its global presence by being designated a WHO Collaborating Center in 2012, preparing the international standard
for acupuncture points between Korea, China, and Japan under WHO guidance, and being appointed as the Korean Secretariat for
ISO TC249 in 2016. Our institute now aims to fulfill its role in establishing Criental Korean medicine as a proud pillar of future medicine.
To realize the future we envision, we will strengthen foundational research at the intersection of medical science and technology
innovation, with a particular focus on integrating studies of the brain and acupuncture points. In particular, the Acupuncture &
Meridian Science Research Center (AMSRC) which broke ground on the 2nd, will play a vital role in providing scientific evidence for
acupuncture and meridian therapies and will become a hub for future Oriental medicine research. We will lead the digital
transformation of Korean medical technologies. By spearheading the digital transformation of Oriental Korean medicine in response to
the evolving healthcare landscape, including the rise of telemedicine, innovations in diagnostics and treatment, and advancements in
medical technology, we aim to develop and industrialize technologies that contribute to strategic research initiatives in advanced
biotechnology. | hope today's gathering will serve as a valuable opportunity for our institute and the top experts from Korea and
abroad to discuss the future direction of Oriental Korean medicine.

Distinguished guests, In celebration of the 30th anniversary, the institute selected a commemorative slogan earlier

this year through a contest involving all our employees. Outside the building, a large banner proudly displays our slogan:
"Soaring to the World on the Wings of Science.” This slogan reflects our vision for the future of Oriental Korean medicine,

one that enhances the foundational principles passed down through generations by integrating them with modern science and
evolves into a new form of Oriental Korean medicine through the fusion of advanced technologies. The Korea Institute of
Criental Medicine will continue to move forward while always keeping this vision in mind.

Once again, | would like to express my gratitude to all the distinguished guests, experts, and everyone who
has worked hard to prepare for the International Symposium Commemorating
the 30th Anniversary of the Korea Institute of Oriental Medicine.

2024.10. 29

Thank you.

Lee Jin-yong
President of the Korea Institute of Oriental Medicine
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CONGRATULATORY REMARKS

CINTERNATIONAL SYMPOSIUM COMMEMORATING
THE 30TH ANNIVERSARY OF KOREA INSTITUTE OF ORIENTAL MEDICINE>

Distinguished Guests and Participants, It is an honor and a pleasure to be here today.

| am Yoon Sung-chan, President of the Association of Korean Medicine.

First, | sincerely congratulate the Korea Institute of Oriental Medicine, dedicated to the advancement of
Korean medicine research, for the successful hosting of this international symposium on the occasion of its
30th anniversary. | would also like to express my deep gratitude to President Lee Jin-yong,

all the members of the institute, and the presenters, who have successfully prepared this international
symposium despite the challenging internal and external circumstances.

The theme of today’s international symposium is "Traditional Medicine as Future Medicine."

Korean medicine, with its accumulated clinical experience and treatments spanning over five millennia,
has been healing humanity and is now being recognized as an alternative that offers a vision for the
future of medicine through its fusion with modern science. At this pivotal time, | believe it is highly
meaningful that experts from around the world have come together to engage in in-depth discussions on
the relationship between Korean medicine and the future society, as well as between future technologies
and Korean medicine.In particular, the Korea Institute of Oriental Medicine, which has spent the past

30 years working to promote and develop Korean medicine while uncovering its scientific mechanisms,

is now driving forward with the development of new treatment technologies that utilize big data and
artificial intelligence (Al) in response to the changing times. This will serve as a driving force that further
enhances the value of Korean medicine as future medicine. In this regard, today’s international symposium
not only provides an opportunity to reflect on the achievements of the past 30 years but also to explore the
future direction of Korean medicine in safeguarding human health and life, while considering what

role Korean medicine can play in medical innovation.

| sincerely hope that this symposium will lead to greater collaboration and exchange, and serve as an
opportunity for Korean medicine to further develop as a valuable asset and medical resource for all of
humanity, and to fully realize its potential. As an organization that has been part of the Korea Institute of
Oriental Medicine’s founding, the Association of Korean Medicine promises to fully cooperate so that both
institutions can continue to fulfill the historic mission of promoting human health and advancing

Korean medicine together.

Last but not least, | would like to express my sincere gratitude to all the researchers and relevant members
who have accompanied the Korea Institute of Oriental Medicine in its journey for the past 30 years.

| also wish for even greater achievements and advancements in the next 30 years.

Wishing health and happiness to you all, | once again extend my heartfelt congratulations on the

30th anniversary of the Korea Institute of Oriental Medicine.
2024.10. 29

Yoon Sung-chan

President of the Association of Korean Medicine
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CONGRATULATORY REMARKS

CINTERNATIONAL SYMPOSIUM COMMEMORATING
THE 30TH ANNIVERSARY OF KOREA INSTITUTE OF ORIENTAL MEDICINE>

Distinguished guests, ladies and gentlemen,

| am Choi Do-Young, President of the Society of Korean Medicine.

| sincerely congratulate the Korea Institute of Oriental Medicine, a leading institution in

Korean medicine R&D and a pioneer in the future of Korean medicine, on its 30th anniversary during this
season of abundance. | am also very pleased to participate in the international symposium held to
commemorate this momentous year. First, | would like to express my gratitude to

Director Jin-Yong Lee of the Korea Institute of Oriental Medicine and all the staff for their tireless efforts in
preparing for this meaningful event. | would also like to thank the domestic and international presenters
and distinguished guests who have joined us today out of their passion for Korean medicine.

Recently, Korean medicine has solidified its position in the global field of traditional medicine,

playing a crucial role in promoting public health. These achievements are due to the continuous efforts of
the Korea Institute of Oriental Medicine in scientifically elucidating the theories of Korean medicine and
strengthening clinical evidence. Through this, the value and potential of our long-preserved

Korean medicine have been scientifically proven, and its worth has been widely recognized through its

integration with modern medicine.

[ hope that this international symposium will serve as an important starting point for sharing insights on the
latest research based on Korean medicine and for establishing a new medical paradigm through the
convergence of advanced scientific technologies, extending beyond the development of Korean medicine.
The Society of Korean Medicine will continue to strengthen its cooperation with the Korea Institute of
Oriental Medicine as we work together toward our shared goal of providing high-quality medical services
and promoting public health.

Once again, | sincerely congratulate the Korea Institute of Oriental Medicine on its 30th anniversary.
| hope this international symposium will serve as an opportunity to reflect on the value of

Korean medicine and help establish it as a key pillar in leading the future of medicine.

| wish happiness and peace to all of you and your families in attendance today.

Thank you.

2024.10. 29
Choi Do-Young

President of the Society of Korean Medicine
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{OREA INSTITUTE OF ORIENTAL MEDICINE
INTERNATIONAL SYMPOSIUM

PRESENTATION

Byungmook LIM

Pusan National University
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PRESENTATION

The Past, Present, and Future of Traditional Korean Medicine Research
- Byungmook LIM | Pusan National University
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The Past, Present, and Future of
Korean Medicine Research
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PRESENTATION

The Past, Present, and Future of Traditional Korean Medicine Research
- Byungmook LIM | Pusan National University

faay OO
E Kiom

Before the 1990s

Research of Korean Medicine has been
conducted mainly at colleges of Korean
Medicine and colleges of pharmacy
since the 1970s.

* Main purpose of research was to verify the efficacy of a
specific prescription or herbal medicine.

* Experimental studies using mice or rats

* Reviews of the classical medical literature

Py

' Examples

* A literature study related to the serious condition of
abdominal pain (1974)

* A experimental study of the effect of yellow-colored light
on the body weight of a rat (1975)

* Effects of Baekso-hwan on Carbon Tetrachloride-induced
Liver Damage in Rats (1978)

* A Study on the theory of the Yeong-Su-Bo-Sa (32 FE##5E)
acupuncture manipulation techniques (1978)
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PRESENTATION

The Past, Present, and Future of Traditional Korean Medicine Research
- Byungmook LIM | Pusan National University
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Implementation of Korean Medicine
coverage in Public Health Insurance

s

* In 1987, Korean Medicine therapies, mainly acupuncture
and herbal preparations, began to be covered in the
National Health Insurance.

* Use of Korean medicine has increased rapidly.

* As more Korean Medicine colleges were established, the
pool of research personnel had expanded.

* 5 colleges -> 11 colleges

5
- Growth of Korean Medicine R&D
A G . t Research investment expanded and roles
ARSI LALLE B T LB \vere divided among government ministries.
2003 ~ AN
Vo=. Establishing Law and national plan were established and
N2’ infrastructure large scale research funding began
1998 ~ 2007 AN
Beginning of systemic Government body and research institute
R&D were established
1994 ~ 1997
6
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PRESENTATION

The Past, Present, and Future of Traditional Korean Medicine Research
- Byungmook LIM | Pusan National University
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Big dispute on Herbal Medicines

* In 1993, Korean Medicine doctors and (Western) Pharmacists

clashed over the scope of dispensing authority of herbal
medicines.

x

7
. Agreed arbitration and its results
* Implementing the dualised pharmaceutical system
* Enforcement of herbal license exams for western
pharmacists

* Separation of prescribing and dispensing herbal medicines

v’ caused the separation only in western medicine in 2000

8
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The Past, Present, and Future of Traditional Korean Medicine Research
- Byungmook LIM | Pusan National University
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@ Before herbal medicine dispute

Herbal Medicines Western drugs

: : PTESCIIDIN
Dispensing

T

Prescribing | Dispensing

@ After herbal medicine dispute

Korean Medicines

Western drugs
Pty

Prescribing | Dispensing

L ]

Dispensing

Western doctor

SOCIAL
SCIENCE
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Traditional medicine, professional monopoly and structural
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The politics of herbal drugs in Korea {aicrests: A Kotkn. dise

Byong-Hee Cho
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The Past, Present, and Future of Traditional Korean Medicine Research
- Byungmook LIM | Pusan National University
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During the herbal medicine dispute,
Korean Medicine doctors demanded
that the government provide support
for the development of Korean
Medicine.

&

* Installation of Korean Medicine department within the
Ministry of Health and Welfare, etc.

* Establishment of government-supported research
institute on Korean Medicine

* Establishment of National college of Korean Medicine

* Appointing Korean Medicine doctor as Military doctor and
public health doctor

11

-

Y
KiomMm

®

Start of government funding for
Korean Medicine R&D

1994. Korea Institute of Oriental Medicine opened

m—ﬁz\,—' * The first government-funded

108 108 research organization for

i traditional medicine under
Ministry of Health & Welfare

* |t became possible to conduct

large-scale, long-term research
projects under systematic

> — ' o —— planning.
» L5 "ﬁr v .

1984w

HETEE

12
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The Past, Present, and Future of Traditional Korean Medicine Research
- Byungmook LIM | Pusan National University

®
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KIOM

* In accordance with the government's plan to foster
Korean Medicine announced in 1996, Ministry of Health &
Welfare launched the ‘Korean Medicine development
research project’ with a budget of 2.2 million USD.

* This project was converted to long-term program
(1998-2010) with a total budget of 153million USD.

* It was a project that encompassed from basic research to
clinical research and practical application research, but
only one-fifth of the planned budget was invested.

13

Fre Y |
E Kiom

Changes in the external environment

* In 1992, Korea established diplomatic relations with China.

* China’s drive to develop traditional Chinese medicine
recognized.

¢ |Interest in alternative medicine has increased in the US
and Europe in the 1990s

* NCCIH (NCCAM) was established in 1998.

14
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The Past, Present, and Future of Traditional Korean Medicine Research
- Byungmook LIM | Pusan National University
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P ALY |
E Kiom

Growth of Korean Medicine R&D
funding

* From 2004, the Korea Institute of Oriental Medicine began
to receive large-scale research budgets from the Ministry
of Science and ICT, and the investments from the Ministry
of Health and Welfare also increased.

* The Act on the Promotion of Korean Medicine was

implemented in 2004, which stipulated government’s
obligation to support Korean Medicine R&D.

15
Annual growth of government funding
60.0
50.0
40.0
30.0
20.0
10.0
R e - R
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
(Million USD) —Ministry of health and welfare
— Ministry of Science Technology
* KIOM & Pusan Natl Univ, et al. Yearbook of Korean Medicine. 2018.
16
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The Past, Present, and Future of Traditional Korean Medicine Research
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Adjustment of inter-ministerial roles

S
=

* As each ministry’s investment in R&D has increased, there
has been a recognition that investment efficiency should
be increased.

* In 2008, Through pan-government discussions, the
division of roles for research and development among
ministries was established.

17
frasy OO
E kiom
Ministry Field of research
Basic and original technology
Q - Ingredient exploration
Ministry of Science - Identification of Effectiveness Mechanisms
and|ct Multidisciplinary large-scale study
Q Clinical research to find treatment technology
Ministry of Health Rese.ar.ch on cooperative treja'tment of Korean
and Welfare Medicine and western medicine
O Development of medical devices
Ministry of Trade, Commeruallzatlo‘n resea.rch N
Industry and Energy Enhancement of industrial competitiveness
O Evaluation and management of Quality and safety of
Ministry of Food herbal medicines and medical devices
and Drug Safety
* Yu SJ. Recommendations for advancement of Korean medicine R&D and activation of the Korean
medicine industry. KISTEP R&D focus. Vol 4. 2008.
18
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No. of SCI(E) publication of KIOM

300
250
200
150
100
50 |‘
o_l___--III
O N 00 OO0 ©O o &N MO & 1 O N 0 O O « N M < 1 O N 0 O O < N ™M
D OO OO O O O O O 0 0 0 0 0 O @ ™ @ @ @ o A «+H «+d «+d &N &N o
2223 RRRARRRARRKRRALIRRALIRRIALIRRKRLIRRKRLERR
* KIOM. Internal document. 2024.
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e A Y
E Kiom
- No. of patents of KIOM
== 45
40
35
30
25
20
15
10
. ||| | |||||||
o1 =sms Ll LIk
8 P O PO O D DO O DD DO 0N DO DN D
LTS PRI PP 0D DD D
AT AT AR AR AT AT AT AR AR ART AR AR AT AR AR AR AR AR AT AR AR AR AD

m PCT application m Registration

* KIOM. Internal document. 2024.
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Ay
L Kiom

Technology transfer of KIOM

1800
1600
1400

1200

1000

800

600

400 |

kil

o n b _ T T II 1 I I 1
S

m Contract amount M Income (Thousand USD)

* KIOM. Internal document. 2024.

21
& Yom
No. of paper publication (2003-2022)
Australia UK Japan
India 3% 3% 3%
4%\\ L/
Germany
4%
S. Korea
9%
China
58%
USA
16%
* KIOM. Research on analysis of research results of Korean Medicine R&D. 2023.
22
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* KIOM. Research on analysis of research results of Korean Medicine R&D. 2023.
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= PUSAN NATIONAL UNIVERSITY  KIOM

Present

- A Y
E Kiom
Government funding for Korean
Medicine R&D
740 140.0
720 114.9 120.0
700 100.0
680
80.0
660
60.0
640 640
620 40.0
600 20.0
580 0.0
2018 2019 2020 2021 2022
. illi D
(No. Funding =-e=No. of projects (Million USD)
* KIOM. Analysis report on the National R&D Project for Korean Medicine. 2023.
26
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Ministry of Science and ICT
Ministry of Health and Welfare
Ministry of Education

Ministry of Food and Drug safety

Ministry of SMEs and Startups

Ministry of Agriculture, Food and Rural
Affairs

Government funding for Korean
Medicine R&D (2022)

I, 521
B 169

Bss

| X

l2o

|o.9
(million USD)

* KIOM. Analysis report on the National R&D Project for Korean Medicine. 2023.

Who spent the

Enterprises
6%

27

P A |
E kiom

money? (2022)

~__Others

4%

Research

institutes
51%

* KIOM. Analysis report on the National R&D Project for Korean Medicine. 2023.
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P Y
' Tom

Categories of research field (2022)

Diagnostic Medical Others

device W
/ 1% 2%

Therapeutic
device
3%

Herbal/

medicine
12%

Basic research

Clinical 50%

research

31%

* KIOM. Analysis report on the National R&D Project for Korean Medicine. 2023.
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foacy
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= Kiom

Research fields by supporting
Ministries (2022)

100
90
80
70
60
50
40
30
20
10

49

Science & ICT Health & Welfare  Education Food & Drug  SMEs & Startups

(%)
’ W Basic m Applied lComme%c%V

* KIOM. Analysis report on the National R&D Project for Korean Medicine. 2023.
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What has been achieved so far

Diagnosis

* Pulse detection device
* Tongue diagnostic device
* identification system of Sasang constitution

¢

* KIOM. Korean Medicine project 50 Making future. 2016.

31

E kiom

Acupuncture and moxibustion

* Scientific investigation into the analgesic effect of
acupuncture

* Effect of electric acupuncture to reduce side effects of
anti-cancer therapies

* Verification of acupuncture effect for Osteoarthritis, Hot
flush, Xerophthalmia, etc.

Mot flash frequency
®
1
/

T T T T T T
Baseine 0 1 2 3 4 Bv)

32
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4%
KIOM

Herbal medicine

* Evidence building of herbal therapies
¢ Discrimination of herbal medicines

* Investigation of herbal medicine for anti-virus, atopy,
thrombosis, etc.

33

faasy, OV
E Kiom

Information research E@

* Korean translation of classic medical literature
* Multi-lingual translation of Korean Medicine literature
* Semantic searching system of Korean Medicine

34
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Py

P ALY |
E Kiom

EBM & Standardization

* Development of Clinical practice guidelines (CPG) of
Korean Medicine therapies

* contributed to expand health insurance coverage @ o

* International and domestic standardization of m V|
acupuncture needle and moxibustion u 2 }

35
Problems are...
* Despite continuous investment, core performance and
industrialization are insufficient.
* Lack of linkage between basic and clinical studies due to
inter-ministerial barriers
* The gap between on-site demand and R&D investment
36
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e ALY |
E Kiom

Demand vs Investment

General public Korean Medicine doctor

1 Cooperation of KM & WM Standardization of diagnosis New drug development
Mixed use of western and . Standard identification of
2 Clinical convergence research I
herbal drugs constitution
3 Herbal formula information Effectiveness anq s‘afety of herbal Evaluation of com‘p(-.ments of herbal
medicine medicine
4 Non-drug effectiveness and Guideline for prescribing herbal Applied development of herbal
safety medicine medicine
5 e anc! s;afety f Guideline for non-drug therapies Herbal medicine standard
herbal medicine
6 Standardization of diagnosis [echaniy 'dentmca,tlon Rilicncie Medical device development
therapies
7 - Standar.dlzatlon ,Of Pl Effectiveness of herbal formulae
information
8 - - Standard acupuncture skill

37

A

Frev A |
E Kiom

Mismatch between demand and
investment

¢ Lack of research investment in East-West medicine
cooperation and parallel use

* Also a lack of research support to provide evidence on the
effectiveness and safety of Korean Medicine treatment

* Less research support for acupuncture and moxibustion
compared to herbal medicine

* Very little research with policy demand

38

028 KIOM - 30TH ANNIVERSARY INTERNATIONAL SYMPOSIUM



PRESENTATION

The Past, Present, and Future of Traditional Korean Medicine Research
- Byungmook LIM | Pusan National University

) )
p

iy OV
== KIOM

@ &

Ministry of Science Ministry of Health
and ICT and Welfare

* Clinical research to develop

* Basic and original technology treatment technology

* Multidisciplinary large-scale study » Research on cooperative treatment
of Korean Medicine and western
medicine

s

Government funded research Colleges
institutes (Korean Medicine, Medicine,
(KIOM, KRIBB, etc.) Pharmacy, etc.)
Colleges

39
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T

fasy OV
E Kiom

A

4th Korean Medicine development plan
(2021-2025)

RRRR R
Y

* Support for full-cycle R&D from clinical research to
industrialization

* Expansion of clinical research support
* Building digital healthcare platform for Korean Medicine

* Research support to diversify the application areas of
Korean Medicine

¢ Herbal medicine research for treatment of chronic and
geriatric diseases

* Developing Korean Medicine treatments against new
infectious diseases

* Ministry of Health & Welfare. 4th National plan for developing Korean Medicine. 2021.

41

Fre Y |
E Kiom

Ao

A

* Establishment of infrastructure to utilize big data and Al in
Korean Medicine

* Building big data hub center
* Establishment of Big data-based Al development system
* Expansion of public research infrastructure

 Establishment of clinical research centers for Korean
Medicine

* Expansion of herbal medicine material bank

42
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Py

P ALY |
E Kiom

KIOM's future research strategy

* Convergence-type basic and original research

* Brain neuroscience-based acupuncture meridian study
» Making an acupuncture point-nerve maps

* Developing advanced acupuncture point stimulation technology
* Developing biosignal sensing technology

A MODULATE
Nerve :wnng

ORGANS J \ REGULATE
7 = Prascribe
@ // = i3 \\ ‘ .maupwﬂc
48N /‘ stimulus .
ECORD 7 N
i/i hHllIh ~

tomm”vs (=
8T =

* KIOM. Korean Medicine 2050 Future Vision and Future Image. 2023.
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Digital transformation in Korean
Medicine

* Digital convergence device

* Digital therapeutics using Korean Medicine
* Korean Medicine-based telemedicine

* Digital twin simulation for health prediction and
management

[ 5 ki
[ o4 m e

By /t/'
‘QL
@
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Creating future value of herbal medicine

* Herbal medicine-based next generation therapeutics

* Treating cancer, Alzheimer disease, mental disease, etc.

* Development of treatment technology for solving social
problems

* new infectious diseases, infertility, geriatric disease, etc.

* Research on herbal medicine resources based on synthetic

biology
dene o duaax Activation Repression
RNy SRTLP VA
i ol | ISy ...
e %”% N ) 7

1on 8 row Constitutive N
ol i promotef'-.@

anssom ag it RERG A R N -
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=) PUSAN NATIONAL UNIVERSITY ~ KIOM

Summary

* Over the past 30 years, research in oriental medicine has made
remarkable quantitative and qualitative growth centered around
KIOM.

It has accumulated achievements such as creating evidence for
the effectiveness and safety of oriental medicine, clarifying the
mechanism of acupuncture treatment, and standardizing
diagnosis and treatment techniques.

The lack of industrialization of research results and the
mismatch between government support and on-site research
demand are issues that need to be resolved.

In order to cope with changes in the future health care
environment, it is expected that convergence research utilizing
cutting-edge science and digital health care research will be
conducted.

46
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Thank you !
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Past, Present and Future of the
BraveNet Practice Based
Research Network

Jeffery Dusek, PhD
. Director of Outcomes Research, Susan Samueli Integrative Health Institute,
University of California, Irvine
*  Professor, Dept of Internal Medicine, School of Medicine, University of

California, Irvine Uc Susan Samueli @

Integrative Health Institute

What is the BraveNet PBRN?

Mission BraveNet Focus
To conduct and disseminate high * 32 site Practice Based Research
quality practice-based research Network
that evaluates the effectiveness, * Focus on patient reported
safety, and impact on patient outcomes in real world integrative
experience of integrative medicine medicine (IM) settings
approaches. * Multi-site collaboration for

® * Observational ambulatory IM care
&Bra\’ﬁ NC t * Randomized controlled trials
[ ]
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BraveNet Members

L‘n

=
VEnl»
"Qws» _

Current BraveNet Members

1. Irvine, CA — Susan Samueli Integrative Health Institute, University of California, Irvine

2. Albuquerque, NM — Center for Life and Integrative Medicine, University of New
Mexico***

. Bloomington, IN — University of Indiana***
. Boston, MA — Boston Medical Center

. Calgary, Alberta — ACTION Centre, University of Calgary***

o o A W

. Chicago, IL — Osher Center for Integrative Medicine, Northwestern University Medical
Center

7. Cincinnati, OH — Alliance Integrative Medicine

8. Cleveland, OH — Connor Whole Health

9. Columbus, OH — Center for Integrative Health and Wellness, Ohio State University
10. Denver, CO — University of Colorado

1

=y

. Chapel Hill, NC — University of North Carolina Medical Center***

12. Durham, NC — Duke Integrative Medicine, Duke University

13. Los Angeles, CA — East West Clinic, University of California, Los Angeles***
14. Milwaukee, WI/Chicago, IL — Aurora Advocate Research Institute***

15. Minneapolis, Minnesota — Penny George Institute for Health and Healing, Allina
Health.

New Sites™*

uc

036

Susan Samueli
Integrative Health Institute

16. Nashville, TN — Osher Center for Integrative Medicine, Vanderbilt University Medical Center
17. New York, NY — Department of Family Medicine, Mount Sinai***

18. New York, NY — Columbia University***

19. Philadelphia, PA — Jefferson Myrna Brind Center of Integrative Medicine

20. Philadelphia, PA — Integrative Health Program, Children’s Hospital of Philadelphia***
21. Pittsburgh, PA — Center for Integrative Medicine, University of Pittsburgh Medical Center
22. Salt Lake City, Utah — Osher Center for Integrative Health, University of Utah***

23. San Diego, CA — Scripps Center for Integrative Medicine

24. San Diego, CA — Centers for Integrative Medicine, University of California, San Diego

25. San Francisco, CA — Osher Center for Integrative Medicine, University of California, San
Francisco

26. Sao Paulo, Brazil — Brazilian Academic Consortium for Integrative Health***

27. Seattle, WA — Osher Center for Integrative Medicine, University of Washington***
28. Sydney, Australia — NICM Health Research Institute, West Sydney University***
29. Tucson, Arizona — Andrew Weil Center for Integrative Medicine***

30. Washington, DC — Integrative M

George Washi University***

31. Worcester MA — University of Massachusetts Chan Medical School

32. Daejeon, Korea- Korea Institute of Oriental Medicine,

Daejeon Korea***
‘.S-‘Bra\'chl
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BraveNet’s Past

BraveNet Timeline: Multi-site Observational

2007 2008-2011

ﬁ

BraveNet Registry

Starts Single survey

8 sites I sites
N=4182

DCRI is

Coordinating

Center
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Registry Aims and Summary

Objective: To describe characteristics/motivation of patients seeking care at an IM
clinic.

Design, Setting, and Participants: Patients from nine practice-based research
network sites participated in this cross-sectional survey.

Main Outcome Measures: Demographics, lifestyle factors, and reasons for seeking
IM care.

Results: 4,182 patients (84.5% white; 72.7% college- educated; and 73.4% female)
Top reasons for seeking IM:

1. “toimprove health and wellness now to prevent future problems” (83.9%);
2. “totry new options for health care” (76.7%); and

3. “to maximize my health regardless of whether or not my illness is curable”
(74.6%).

BraveNet Timeline: Multi-site Observational

2007 2008-2011  2009-2010

BraveNet Registry SIMTAP

Starts Single survey  Longitudinal

8 sites 9 sites 9 sites
N=4182 N=409

DCRI is

Coordinating
Center
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Study on Integrative Medicine Treatment Approaches
for Pain (SIMTAP) Overview

Design: Prospective, longitudinal observational study conducted at 9 BraveNet clinical sites
(2013)

Data Collection: Patient Reported data and Demographics:
Primary Outcome: Pain severity and interference

Patient-reported outcome measures collected at 4 time points: baseline, 6, 12, 24 weeks.
» Brief Pain Inventory —Pain Severity and Interference
»Short Form 12 (SF12v)
» Center for Epidemiologic Studies- depression (CES-D)
> Perceived stress scale- (PSS-4)

Secondary Outcome: Vitamin D, CRP (baseline and 12 weeks)

Inclusion/Exclusion criteria: 18* years, seen by a provider in IM clinics, chronic pain, > 4/10 on NRS

SIMTAP SUMMARY

* 409 enrolled and 252 (62%) participants completed all follow-up
visits.

* White (81%) and female (73%), age 49.1 years (15.44) and
8.0 (9.26) years of chronic pain.

* Decreased pain severity (-23%) and interference (-28%) at 24
weeks.

* Improved mood, stress, quality of life, fatigue, sleep and well-
being at 24 weeks. Depression (52%) at baseline to 35% at wk 24.

* Vitamin D increased from 33.4 (17.05) ng/mL at baseline to 39.6
(16.68) ng/mL at week 12.
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BraveNet Timeline: Multi-site Observational

2007 2008-2011 2009-2010 2013- 2018

#

BraveNet Registry SIMTAP  PRIMIER

Starts Single survey  Longitudinal Longitudinal
8 sites 9 sites 9 sites 17 sites
N=4182 N=409 N=2374
DCRI is ) o
Coordinating Elnste!n is,
Center Coordinating

Center in 2015

Patients Receiving Integrative Medicine

Effectiveness Registry (PRIMIER) Overview

Design: Prospective, longitudinal, observational study conducted at 17 BraveNet clinical sites (2013)

Data Collection: Patient Reported data and Demographics: Primarily REDCap, paper forms, electronic
assessment center; Health Service Utilization: Electronic Health Records *

Primary Outcome: Health related quality of life

Patient-reported outcome measures collected at 5 time points: index, 2, 4, 6, 12 months.

» PROMIS-29 (physical function, anxiety, depression, sleep disturbance, fatigue, pain interference,
social roles)

» Perceived Stress Scale-4 (PSS4) m- C:’ Cerner ‘,o:-,' Allscripts.

> Patient Activation Measure (PAM)

Secondary Outcome: Integrative Health service utilization (from electronic health records): ICD diagnostic
codes, CPT codes, Clinician type, Visit date

Inclusion/Exclusion criteria: 18* years, seen by a provider in IM clinics, consented to study

Recruitment: Flyers, QR Code in clinic, email blast to clinic patients, Integration into clinical care 12
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Final PRIMIER Participants Recruited by
Site

—Alliance

Highest patient recruitment: Site — Vandy —Allina
Integrated PROMs into Clinical Practice Y, e —Hasion

——Colorado

——Contimuum

600 / Northwestern ——Duke
——ltvine

—Jaffarson

——Maryland

Participants Recruited
@
8

w=—=Northwestern

~—Osher UCSF
—Q5U

~——Pittshurgh

——Scripps
“—UCSD

~——Vanderbilt

—Vanice

;%’Br;l\'tf Net

luly-Sep Oct-Dec Jan-Mar Apriune July-Sep Oct-Dec Jan-Mar ApeJune July-Sep Oct-Doc Jan-Mar ApeJune July-Sep Oct-Dec Jan-Mar Aprlune July-Sep Ot
2013 2014 2015 2006 2017

PRIMIER Summary

* 2,374 (65%) completed at least 1 follow-up assessment, had evaluable EHR data
and >1 IM visit through 12 months

White (88.4%), female (79.7%), age=51.4 yrs and college-educated (78.5%).

* At index visit, most common conditions were chronic pain, acute pain, and
wellness

* Significant improvements observed at 12-months on all PROMIS-29 measures,
PSS and PAM

* At 12 months, clinically meaningful improvements found on PROMIS-29 Mental
Health (38%) and Physical Health (28%) Summary scores

* IM service utilization was possible (albeit painful) with EHR extracts
14 &?Bra\‘chl
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BraveNet’s Present

BraveNet Timeline

2007 2008-2011 2009-2010 2013- 2018

BraveNet Registry SIMTAP  PRIMIER 20

Starts Single survey  Longitudinal Longitudinal
3 sites 9 sites 9 sites 17 sites HEAL
N=4182 N=409 N=2374 .
3 sites
DCRIis —_ N=209 LARKSPUR
Coordinating Einstein PCORI ACUITY
Center 1S R34 -
DCC 2015 -2017 3 sites Feasibility RCT
N=80 3 sites
NCCIH N=165
NCCIH
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ACUITY: Aims

1. Develop a responsive acupuncture intervention

2. Implement a feasibility RCT in 3 emergency departments

affiliated with BraveNet research sites

3. Assess implementation using qualitative interviews and

structured observation

A Icahn School of Medicine
at Mount Sinai

v > -
Maticna Centr for g . rﬂ ~
Complementary and 2 . Ay BraveNet UMass Chan EINSTEIN
Integrative Health University ; VANDERBILT 5 MEDIGAL sCHOOL At
17 Hospitals mgg reaLTH c;':::‘;u:im

ACUITY: Study Summary

1.Recruitment:

* Despite challenges of launching/conducting study during COVID-19
pandemic, recruitment achieved (26.1%)

* 42% overall - 80% of subjects were African American/Black (UH)

* 13% overall - 45% of subjects were Hispanic (UCSD)

* A high % of low income & public insurance individuals were enrolled
2. Retention:

e Post-treatment rate: 91.5%  1-week follow-up: 77.6%
3. Adverse Events:

* Serious Adverse Event (n=2: not linked to acupuncture or usual care)

* AEs (n=61) were mostly mild and expected, unlinked to acupuncture
4. Overall:

* Strong framework for a future definitive study (UG3/UH3)

Comianatirynd S BraveNet V g %

. Universi UM EINSTEIN
Mefgﬂt've Health \'A::)::tynJLT mg@ Hospitatlsy MEDlgASE s(gboagll. JT—

Albart Enstein
College of Medine
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Leveraging the BraveNet Practice Based Research Network for Understanding
The Impact of Integrative Medicine: The Past, Present and Future

- Jeffery Dusek | University of California-Irvine

BraveNet Timeline

2007 2008-2011 2009-2010 2013- 2018

UCl is the DCCin

BraveNet Registry SIMTAP  PRIMIER 2 2022
Starts Single survey  Longitudinal Longitudinal 20‘2024
8 sites 9sites 9 sites 17 sites HEAL 2023 5,
N=4182 N=409 N=2374 ) 26
3 sites
DCRI is o N=209 LARKSPUR
Coordinating Einstein is
Center bcc PCORI RSZ} ACUITY Multi-
2015 -2017 3 sites Feasibility RCT Musiqols
N=80 3 sites -
NCCIH N=165 Le_ags(l)blllty RCT
NCCIH N(_ICIH

Multi Musiqols: Protocol

Aim 1) examine the feasibility of recruitment, retention, data collection, hybrid
intervention implementation, and treatment outcomes overall and across sites

Aim 2) evaluate implementation outcomes (i.e., feasibility, adoption,
appropriateness, acceptability, and treatment fidelity) and processes (i.e.,
strategies and barriers/facilitators) related to the MT intervention.

Multi Musiqgols will provide the necessary framework for conducting a future,
multi-site, pragmatic, RCT of MT compared with HealthEd.

National Center for g
Complementary and ‘)z I SWAHEALTH s Susan Samueli
Integrative Health : l:;:::nmatg UCI Integrative Health Institute @
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Leveraging the BraveNet Practice Based Research Network for Understanding
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- Jeffery Dusek | University of California-Irvine

BraveNet Timeline &
é" &
éﬁ/@z\.{p@b

2007 2008-2011 2009-2010 2013-2018

BraveNet Registry SIMTAP  PRIMIER

Starts Single survey  Longitudinal Longitudinal
3 sites 9 sites 9 sites 17 sites HEAL 2023_20
N=4182 N=409 N=2374 . 26
) 3 sites
DCRI is Einstei N=209 LARKSPUR
Coordinating ‘|ns €in PCORI R34 ACUITY
Center s . Multi-
DCC 3 sites Feasibility RCT Musiaols
N=80 3 sites ; q
NCCIH N=165 Feasibility RCT
NCCIH N=30
NCCIH UCI

Effective Network to advance Scientific Evidence
related to Mechanisms of music-Based interventions
for pain and support coLlaborative Efforts (ENSEMBLE)

Aim 1: Promote meaningful, inclusive, and interdisciplinary collaboration
between music therapists, mechanistic scientists, and pain + IHM researchers

Aim 2: Develop a comprehensive framework for conducting mechanistic
studies in MT for pain management

Aim 3: Advance multiple pilot projects investigating novel biological
mechanisms of action underlying the effects of MT interventions for various
pain phenotypes

National Center for . m EMORY

Susan Samueli 2 “ UNIVERSITY

Comglementary and - i @ :S’BraveNet SeHo0L OF
NIH ot Hoath Uc Integrative Health Institute @ ) 2’%(')‘2?[ poioas oF
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The Impact of Integrative Medicine: The Past, Present and Future

- Jeffery Dusek | University of California-Irvine

BraveNet Timeline

Co)
:‘9’\/
&
Q
S
& s
O
S

2007 2008-2011 2009-2010 2013- 2018

BraveNet Registry SIMTAP  PRIMIER

Starts Single survey  Longitudinal Longitudinal
8 sites 9 sites 9 sites 17 sites HEAL 2023, 20
N=4182 N=409 N=2374 . 26
3 sites
N=209 LARKSPUR
PCORI R34 ACUITY  Multi-
3 sites Feasibility RCT .
N=80 3 sites Mu.SI.C.|0|S
NCCIH N=165 Feasibility RCT
NCCIH N=30
NCCIH

BraveNet’s Future

046 KIOM - 30TH ANNIVERSARY INTERNATIONAL SYMPOSIUM



PRESENTATION

Leveraging the BraveNet Practice Based Research Network for Understanding
The Impact of Integrative Medicine: The Past, Present and Future

- Jeffery Dusek | University of California-Irvine

Future Directions for BraveNet: Future RCTs

* Maximize the opportunity for RCTs by using the BraveNet
framework with diversity of practices

v'Some practices are consultative whereas others are primary care

v/Clinics vs whole hospitals of IM or CIH

* No BraveNet study has included global partners- this needs to
change

* By working together, we will be able to explore and disseminate
the impact of IM to the world! G BraveNet

BraveNet Timeline

V7
Q
TP o  PRIMIER 2.0
& Longitudinal
& & Global
‘o&@‘&\ Sites ?
2007 2008-2011 2009-2010 2013- 2018 é(, N=?

BraveNet Registry SIMTAP  PRIMIER

Starts Single survey  Longitudinal Longitudinal >
. 9 sites 9 sites 17 sites HEAL 023.
8sites N=4182 N=409 N=2374 . 2026
3 sites
N=209 LARKSPUR
PCORI R34 ACUITY Multi-
3 sites Feasibility RCT Musigol
N=80 3 sites usiqols
NCCIH N=90

NCCIH
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048

Future Directions for BraveNet: PRIMIER 2.0

* Standardize IM documentation and data collection practices
across sites using EHR with global partners

v'"PROMs: Use of Common Data Elements with customization for each clinical
site’s needs to incorporate recruitment and data collection into routine
clinical care

v'IM Utilization: Use of common visit types to be able to identify when IM has
occurred

* Use of Propensity Score Matching to create comparison groups

* GOAL: deliver IM to the right patient, at the right time, at the
right dose, for the most effective duration & BraveNet

Total Outpatient visits in 2023 (19 sites 10 awaiting data)

Total: ~349,000

v'Acupuncture 78,633
v'Chiropractic 109,786

v'IM Consult 47,402
v'NP Consult 7,875
v'Massage Therapy 36,912
v'"Mind/Body 4,810
v'Osteopathy 7,654
v'Physical Therapy 6,193
v'Biofield 10,029
v Other 39,170

KIOM - 30TH ANNIVERSARY INTERNATIONAL SYMPOSIUM
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Thank you
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Convergence of Traditional Korean
Medicine and Synthetic Biology

October 29, 2024

Daehee Lee

KRIRK Synthetic Biology Research Center
LY B Korea Research Institute of Bioscience and Biotechnology
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History of Korean Medicine in the Public Sector
1894~2008

<Gov. bureau for medicine> <Hospital by Gov.> «<Educational Instiute>
e &
é A Rules for six bureaus. Bu«u of Royal Medicine Bureau for royal mediine
& (-1894) {~1894)
£~
£2 medical school
& i ophiissaia inteonsl ool "Grand Koraan Medical School]
cl (1899-)
&
k Rutes for medical doctor
13 () ) Hospital for generals Medical school for saving people
& (1900-1807 (1904-1907)
-

Hague secrat Emissary Affair (1907) Bureau of Medical rﬁmm Hospital
190
frch- (9079
e Liberation of Korea (1945)
................................................................................ 1
Medicine for Citizens Act
asansy, (1951-)

Japanese
Colonial Period
(1910—‘ 945)

:l'%namud as ‘Doctor of Korean Medicine”
g i lnduded in National Health Insurance
T‘-‘g (1887-) Ful_Medlml Officer (1989-)
o
g: s 3 | DepI nr Korean Medicine, National Medical Center
@ a § - o
= e Diseuieon Nedicai herbs (1993) Tiiorea Instite of Oriental Mediona |
3 1994}
§ § Bureau of Tradtional Publc Healthcare dnclol

Clinical Specialist of Korean Medicine m?,"y’:fgﬁ;m wod 11‘997—1
P Wellara (1997-)
= hoot of Korean Medicine,
Pusm Nahmal University g

Traditional Oriental Medicine (TOM)

One of the problems preventing TOM from more widespread adoption by modern healthcare is our
poor understanding of the mechanisms of action of many of these natural products.
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Nat Biotechnol 33, 264-268 (2015)
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proof-of-concept test of their activity against a single biological targ

of their mechanisms of action and potentially reduce toxicities.

 Further integration of TOM into modern drug discovery and develop

MAIN THERAPIE
KOREAN MEDICIN

« The majority of modern drugs contain a single active ingredient or component developed around a

et.

« Structural similarities of TOM-derived compounds to human metabolites can facilitate the identification
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Synthetic Biology

Make Biology Easier to Engineer

Synthetic Biology

From Ginko BIoworks, Ritps/wvsyoutLbe Comywatchy=BICISF b

Make Biology Easier to Engineer

New solutions enabled by
the convergences of approaches
and of technologies

Convergences of approaches and
of technologies frame and solve
problems for which solutions
have not been available

Advanced science
Convergence
of approaches
(

Engineering

Today's solutions leave some
problems unsolved or o Vector
only partially solved
Problem orientation
identifies opportunities
and navigates and
masters complexity

Breakthrough solution

e Engine

The design-build-test-learn
cycle de-risks and accelerates
product development and time
to commercialization

—
D

Nature co-design engineers
and manufactures at the atomic
level with precision design
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Terpenoids

Secondary metabolism

Taxus brevifolta

7 :/ 2
Digoxin K
(congestive heart failure) %’%ﬂm (malaria)
[ i
Zea mays Medicine Arternisinin (malari)
P-carotene {provitamin A) 2
Nutrition o,
s aaaaaaaseet Fiber _{E
I l" E e
,;; ﬁﬂlﬂf o m o) r. # (motion sickness)
&5 o
calltsv(coﬂnndoth) Atropa betladonna
Wmh‘t acki
) N (liquorice)
: e rrhiza
Gossypium davidsonii Stysyrhiea glabes
Science 2016, 353 (6305): 1232-1236 A
Plants ! Microorganisms
V) i
Tobacco | Camelina ! Yeast (j)
Nicotiana . Camelina sativa {
benthamiana ] )
¥
Dihydrosanguinarine
(antibiotic)
Etoposide v - .
(chemotherapeutic) A Sanguinaria canadensis
Podophyium peltatum (spccmlty chemical)
i L oo Veratrum californicurn . .
i iy
1 i Artemisinic acid [] o
Hybrid poplar i | (antimalarial precursor) Vanilla (flavor & fragrance)
+)-4-Cadenine H s
puls remuls x P.alba gu):ueu | Ariepaaaen Vanils pranifolia
Gossypium spp.
"
H5C0 - of
4 Iy
2-Phenylethanol Eugenol i (4S)Limonene Thebaine. "<°
(specialty chemical) (specialty chemical) | (solvent) (oplate precursor)
Raosa hybrida Larrea tridentata Mentha spp Papaver somniferum

Sotanum lycopersicum
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Terpenoid Production Pathways

Mevalonate pathway MEP pathway

I-’yruvatg + {(ﬁygaaldehyde FPI?)

* DOXP synthase

@)

(Acetyl-CoA ) + (Acetoacetyl-CoA )
. T ) - About 60% of known natural products are terpenoids that derived from

HMG-C - i i
i oA synthase 5-C isoprene units

- Long history of being used as drugs, pharmaceuticals, flavors,

(HMG-CoA) ‘ DOXP reductase

i HMG-CoA reductase
(M)

MVA kinase

MVAP |

MVAP kinnse

MVAPP )

® MVAPP decarboxylase

Cved

* CDP ME synthase

(€orve)

* COP ME kinase

t MECPP synthase

(ere)

t HMBPP synthase

(HmBPP )

fragrances, insecticides, & biofuels

) HMBPP reductase

- (e <

$ IPP Isomerase
OV

Nature Reviews Microbiology 2013, 11: 823-835

Trends in Biotechnology 2012, 30(3): 127-131 A

Unmet Needs 0

,‘?’, 20
- Low titer of terpenoids in engineered microbes 2
- Over-expression of pathway genes inhibits cell growth g 10
+ Anincrease in enzyme activity does not necessarily result in more product 5 ’
- Library screening for increased production is time-consuming T L 130 780
+ Production was limited by control mechanisms in the host Nature 2013, 496: 528-532
S y of selected ter ids and heterologous host
Compound Activity Native host Heterologous host Titer (mg/L) Ref
Artemisinic acid Antimalarial A. annua 8. cerevisiae 25000 [22)
Taxadiene ; S E. col 925 [12]
Anticancer T. chinensis S. cerevisiae 129 137
Astaxanthin o ) E. coli 1180 [38]
Antioxidant H.pluvialis Y. lipolytica 55 28]
Betulin Anticancer and anti-HIV activities B.platyphyll P. tri im - [34]
(E)-a-bisabolene Biodiesel precursor A. grandis C. reinhardtii 1 32]
Ent-kaurene - F. fujikuroi A. nidulans - [29]
Erinacine Stimulating activity for nerve-growth-factor H. erinaceus A. oryzae - 31].
synthesis
Geraniol Antimicrobial and antitumor C. roseus S. cerevisiae 1680 23]
Ginsenoside K Y. h i¢ 162 24]
= ® Antitumor and anti-inflammatory Ginseng s, cipolybca! ravisiae ~1000 {491-]
Limonene Antibacterial Citrus 8. cerevisiae 918 257
Lycopene E. coli 925 [12]
Antitumor and anticancer Tomato S. cerevisiae 129 126]

Current Opinion in Biotechnology 2021, 69:281- A
220

066 KIOM - 30TH ANNIVERSARY INTERNATIONAL SYMPOSIUM



PRESENTATION

Convergence of Traditional Korean Medicine and Synthetic Biology:
Innovative Research and Future Perspectives

ehee LEE | KRIBB

« Synonyms: Levomenol
« Chemical name: 1-Methyl-4(1,5-dimethyl-1-hydroxyhex-4(5)-enyl)cyclohexene
+ Molecular formula: C1sH260
+ Molar mass: 222.4 g/mol
+ CAS-No: 515-69-5
« Description: Clear, colorless to slightly yellowish liquid with a faint, floral, sweetish odor
« Solubility: Soluble in ethanol, 2-propanol and in natural, mineral and synthetic facts and oils
It is insoluble in water and glycerol. Clear agueous solutions can be prepared with the aid of solubilizes.

« Product: Chemically synthetic vs. naturally occurred

« Application:
- Bisabolol is the main active ingredient of the medical plant chamomile (Matricaria chamomilla) which is used in traditional medicine for hundreds of years.

- Bisabolol protects and heals the skin from the effects of daily stress. It is a naturally occurring active ingredient that accelerates the healing process of skin.
- Bisabolol can be used with confidence in personal care formulations, especially in products for sensitive skin, baby care, after-shave, and after-sun application.

- Its added anti-inflammatory properties make it a truly versatile active ingredient for skin care products.

.

" Global Market Share, by Region, 2018
siobal Alpha Bisabolol warket

Global Alpha Bisabolol Market was valued at
USD 19,880.0 Thousand in 2018 and is projected 10 registes &
CAGR of 4.60% 10 reach USD 27,048.4 Thousand by the
end of 2025

EoHEN 2l s 88
- HiAHZ B (bisabolol)

/, = BAs CLARlANT‘l
v © DAEBONG B COmpa'n:, KOBO
—

Life Science

— W~ i & s HallStar
7\ \ BIOSPECTRUM symrlsez Bompsmetrics 21
\_ A

http://kfluous.com/?p=2919

=
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(-)-a-Bisabolol Synthase

« The most common a-bisabolol in nature(Brazilian candeia tree, German

chamomile)
« The main active ingredient of the medical plant chamomile (Matricaria
chamomilla) which is used in traditional medicine for hundreds of years

« Protects and heals the skin from the effects of daily stress

- Personal care formulations, especially in products for sensitive skin, baby care,
after-shave, and after-sun application

- Anti-inflammatory properties make it a truly versatile active ingredient for skin
care products

(+)-a-Bisabolol (+)-epi-o-Bisabolol

4 stereoisomers of a-bisabolol

(-)-a-Bisabolol Synthase

Bozsem J (2014) 483, 239-24 (Prited in Grer Britain)  doi: 20 14220140006 239

“0ttne o>

Enantioselective microbial synthesis of the indigenous natural product
( — )-«-bisabolol by a sesquiterpene synthase from chamomile (Matricaria

recutita)
Chamonmile (Matricaria chamonills) g | 2014.MrBOS 810
g J
3 6
-l
=
24
2 4

Patent 10-2014-0129750, Seoul National University |

KIOM - 30TH ANNIVERSARY INTERNATIONAL SYMPOSIUM

068



PRESENTATION

Convergence of Traditional Korean Medicine and Synthetic Biology:
Innovative Research and Future Perspectives

- Daehee LEE | KRIBB

Escherichia coli

(-)-a-Bisabolol: 9.1 g/L
60 15

-@- Cell Growth (OD,,)

v

Glycerol, Acetate, Mevalonate [g/L]
—m— (-)-a-Bisabolol [g/L]

T ' T
0 24 48 72 96 120 144 168

Time (h)

Microbial Cell Factories 2017, 15: 185 A

0

- Four stereoisomers of a-bisabolol are produced in plants.
- The type of sterecisomer is determined by the catalytic reaction of a-bisabolol synthase.

+ Only MrBOS and EeBOS have been shown to produce (-)-a-bisabolol enantioselectively.

Chamonmile (Matricaria chamomilla)

2014, MrBOS
O pe— FE]
i ive microbial sy is of the indi natural product
( = )-ec-bisabolol by a il synthase from il icari
recutita)
2018, EeBOS
?'W ) TR
Identification of the Bisabolol

Synthase in the Endangered Candeia
Tree (Eremanthus erythropappus
(DC) McLeisch)

(+)-a-Bisabolol (+)-epi-o-Bisabolol - Soluble expression in bacteria?
« Low activity = low production

- New enzyme is needed for the efficient production of (-)-a-bisabolol enantioselectively.

p.
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......................................................... * (-)-a-bisabolol synthase

Terpene synthase 3 (TPS3) from cDNA libraries of a rubber-producing plant (KRIBB)

GC-MS analysis F - H\/,[/ \|1
e L
™~ N

us o
| ) B -
oI | 7|_|| al | | | ,
%R WD O%  uw mm wm W wWa  wa  wWe o Wa wWE ws wa W e e a3
ne o Cowe )
Unpublished, Patent (10-2017-0135146) A

......................................................... * ()-a-bisabolol synthase

(-)-a-Bisabolol

OH

GOR

L
Y = a
Nature Communications 2015, 6:6143 TPS3 mutant (N402L, T429G)
y-Curcumene (-)-a-Bisabolol
‘ “ ’ | OH
X - 1» AN
h P ( L
d \ ’ |
ol J

s 9 i - 3 > 7
Unpublished, Patent (10-2017-0135146) A
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Metabolic pathway genes (-)-a-bisabolol synthase
o WCSAGATBARI -8 Shacil syt
" + MaBOSIWAEDNED.Y
{ ~» CeNOG (IP_0NNG40 = (-)-0-Beusbolol syathase % 5 20
= « ERROSAYITIOLY )< ol syritase. —
T To— = 3 M) 2
T < 2 g
B ot RBCSBINIGI5) (s-a Snsbeet pethare g0 5 000 8
J - ..uﬂ:m»ntoun;:\::.-fq:A.-rvAh.n ‘g’ _g § 10 .
v P 2 4
xe n 1 -« WTPBAUTITBAR 1) Bicyedcom macrens sy shase 20 2 500 g
‘ PR TR — & ¢ 3 5
=8 X T o 8
BISLCABIENN) o)-o-Bisabeltd syrease & <
. 9 -pio-Bisbciymitene o o 0
‘ PEROSAFRIIITLY Il epi o-Glkabela mnibane Mt Ee  Cc  Aa M Ee Cc Aa M Ee Cc Aa
e BOS enzyme BOS enzyme BOS enzyme
™
+ CcBOS showed the highest specific activity which was ~1.8-fold greater than that of MrBOS.
MrBOS £eBOS cesos | $a808 - E. coli-CcBOS produced the most (-)-a-bisabolol (1.3 g/L), followed by E. coli- MiBOS (12 g/L).
oa) - S ! s roM MoLS P ] MoLS " + The growth rates of E. coli-AaBOS and E. coli-EeBOS were inhibited by ~50% compared to that of E. coli-CcBOS
250 £ B
150 - 3 =
100/ B B = - .
5| - = — - - e/ Kyt
- -l = BOS  Ku(M)  ka(ST)  (aSY)
3| —— -4 [CcBOS 256+ 019 095+ 0021 0369 + 0.0292 |
= -
o - B AaBOS 635+ 095 0193+ 0011  0.030 £ 0.0048
25— - - EcBOS 576 £ 056 0415 £ 0014 0.072 £ 0.0074
5[ - MrBOS 338+ 023 0697 +£ 0016  0.234 + 0.0164

« Among the four BOS enzymes, CcBOS showed greater soluble expression than the other BOS enzymes

J. Agric. Food Chem. 2021, 70(4): 1203-1211, Patent (Reg. No.: KR 10-2343992) A

........................................................ . X
(-)-a-bisabolol synthase
GC GC-Ms
A x10*
| 108.1 Authentic (-)-a-bssbolol
| L4 s41 1191
[ RN Authentic [-}-a-bisabolol .
RPN VISP, () (O S . ..L. £i @ &
\ 8
\ g a} a
< Biosyrihetic (-)-a-bissboo 8
— == § s | 031
24 248 243 25 252 254 256 258 25 262 264 266 2068 e
3
Ti ki & 85 -
ime [min] S 2 701 2042
1811
NMR ' |
o A, L. B 1O S,
1H and 13C-NMR chamical shift [HZ]chioroform) values o 1 40 60 160 180 200 220
Ty i
0 = P N o
an . " ne
s T: . o ] b Biosynhatic |-|-a-bissbalal
e et
‘ 1z 09
s i - i 1 na 3 08 ax1
. s - m m g o7
b B 064
o 3 o5l "
0 15 - " " ® had
¢ sm e G w a 50 -
! s |
%5 am - - | Jl ILJL[ JJ kb b
" - ‘ e " E 0 @ 50 JU ".'U WO w0 200 iiu
" 1. " "
» w ; " o2
Microbial Cell Factories 2017, 15: 185; J. Agric. Food Chem. 2021, 70(4): 1203-1211; Patent (Reg. No.: KR 10-2343992) A
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+ Fermentation optimization Fed-batch fermentation, Strain preparation

MrBOS CcBOS CcBOS
(12.3g/L, 72h) (23.4 g/L, 72h) (49 g/L, 360h)

[alL] [a/Ll 3
60 20 5 60 30916 60 3

2 2 3
— g - e S » .255 ;% 40§ @ Cell growth
g 3 g «f "" e Lo 2 8 z A Acetate (g/L)
53 e = 2xed o
£ g £30] | * s § § § ¥ MVA (/L)
5 < g [ £ 5 L@ ¢ (-)-a-Bisabolol (g/L)
g g = 20 | Ho & = H
[ 2 o II = 8 S

o | " g

® 104 | s &

3 | 3 2

3 ? *0: @

-0 0 100 200 300 400
0 20 40 60 80 100 :
Time [h] Time (h)
. = SR
L‘.’ [inee o= ot St e s @
Nt AT ) a0 ) k2 i et (e e TSN Cillmabin

Fed-batch fermentation: TB medium, 20% (v/v) n-dodecane, 0.025 mM IPTG, 30 °C, pH 7.0, 1000 rpm

J. Agric. Food Chem. 2021, 70(4): 1203-1211 A

<X o~ 3
B L W A——

owe? MVA gatiraey

Two-phase fermentation and distillation

Recovery yield of (-)-a-bisabolol w/ common il

Extracting solution Extraction yield (%)

Soybean ol a85
Canola oil
Corn oil
Sunflower oil

Spinning band
n-Dodecane

distillation system

Vacuum pump
(5 mbar + 2 mbar)

Heating mantle
With stirrer

(-)-a-Bisabolol in n-dodecane (-)-a-Bisabolol (Purity > 98%)

Unpublished, Microbial Cell Factories 2017, 15: 185 A
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Compound Structure Mw Trig o
High-Fat Diet + (-)-a-bisabolol derivatives Fed (4 weeks) 200
H* OH
(-)-a-bisabolol (BisaB) g P 222.37 150
2
? g 100
E
w* OH s =
(-)-a-bisadiol (BisaD) OH 198.31 o
High-Fat Diet-Fed mouse (4 weeks) Cowd
. . Leptin
H OH OH Adiponectin e FAS
(-)-a-bisatriol (BisaT) | ~ 256.39
OH H 5
L |
OH é &
Hoy ‘ i
(-)-a-bisaacid (BisaA) R ,’ o 234.27
ONa - T R R T i =

v 0 R - i
(a-bisalactone (BisaL) /©<<j 10027 A (-)-a-bisabolol derivative reduced the amount of liver fat.
H
Patent (Reg. No. KR 10-2010520) A

«CRISPRi-based inverter cascades can mimic the relationship between antibiotics and antibiotic-resistance genes.

CRISPR interference (CRISPRI)

. CRISPRI:
—* Trnsarigtion » Roadblock control to turn off genes
~ s >
T — o B F dCas9/RNA complex

Bacteria Plate w/ antibiotics

Genome DNA

Single inverter| Growth inhibition by antibiotics Single inverter| Growth inhibition by CRISPRI

Antibiotics —’0—- Growth inhibition dCas9/sgRNA »—»0—- Growth inhibition

Nucleic Acids Research, 2022, 50(22): 13155-13171Patent (Reg. No.: KR 10-2166288 ) A
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*CRISPRi-based inverter cascades can mimic the relationship between antibiotics and antibiotic-resistance genes.

CRISPRi cascade
o

Bacteria w/ plasmid
(Antibiotic resistance gene)

Plate w/ antibiotics

Double inverter | Growth recovery by CRISPRi cascade

. Repression Growth
dCas9fanti-sgRNA of SgRNA recovery

Double inverter | Growth recovery by antibiotic resistance gene
Antibiotic Degradation Growth
resistance gene of antibiotics recovery

Nucleic Acids Research, 2022, 50(22): 13155-13171Patent (Reg. No.: KR 10-2166288 )

4

« Cell growth and (-)-alpha-bisabolol production were monitored for 15-day transfers.

074

Serial passage

Nucleic Acids Research, 2022, 50(22): 13155-13171Patent (Reg. No.: KR 10-2166288 )
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Reinforcement of acetyl-CoA pool

e Traditional Korean Medicine, with roots tracing back over a thousand years, is more than just a collection of herbal remedies.

It embodies a holistic approach to health and well-being, emphasizing balance and harmony within the body.

e Despite its ancient origins, Traditional Korean Medicine has continued to thrive, adapting over centuries and offering
valuable insights into healing and prevention. But like any tradition, it faces challenges: how do we preserve and expand this
knowledge in a way that meets the needs of modern healthcare?

e This is where synthetic biology comes into play. Synthetic biology offers powerful tools to reimagine and re-engineer
biological systems, allowing us to precisely replicate and enhance what nature has perfected over millennia.
f-ov/ |
e By integrating the two, we not only preserve traditional wisdom but also open new avenues for developing innovative {f"'\a
NN
therapeutics and sustainable bio-manufacturing. '

(-)-a-Bisabolol

/ nginesr u: 3
* AN
Artichoke Y Fermentation A

Acknowledgment NRF) 2aezae (@ mavssanie
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he Role of Neuroimaging in Understanding Brain Mechanisms of Acupuncture
ow | Harvard University

4 KIOM 30th Anniversary Symposium N
The KIOM / Mass General Brigham Collaboration:

12 years of success
Vitaly Napadow, PhD LAc

, o N CiIPNI
Schoen and Adams Discovery Center for Chronic Pain Recovery svter b ey P e ragrg
Spaulding Rehabilitation Hospital, Harvard Medical School 3
Martinos Center for Biomedical Imaging, Mass General Hospital, HMS Martinos

Center

\,/ Martinos Center for Biomedical Imaging
73 Martinos Timeline of Innovation — Many Firsts!

* Center First Diffusion First Human

First MRA Tractography Connectome
1984 2008

- Science

‘Lj.i

g

USA First IMRI ey

1980 1991 Clinical Scanner PET/MRI

First MRI
First Human

2000 2009
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Highlighting KIOM / MGB Collaboration

* 2012: MOU signed by Seung-hoon Choi, President of KIOM, and Bruce Rosen,
Director of Martinos Center for Biomedical Imaging, MGH

* Subsequent KIOM administrations support the KIOM/MGB collaboration to apply
neuroimaging to explore brain mechanisms of acupuncture and chronic pain

» Supporting KIOM’s new MRI scanner — coming in 20257

KIOM Trainees in the Napadow Lab

* Hyungjun Kim (Returned as researcher with KIOM neuroimaging team)
« Changjin Jung (Returned as researcher with KIOM)
* Kyungsun Han (Returned as researcher with KIOM neuroimaging team)

* Junhwan Lee (Will return as researcher with KIOM neuroimaging team)
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High Profile Publications from KIOM / MGB Collaboration

19 publications co-authored by KIOM and Napadow Lab researchers

Many publications in high impact factor journals such as Brain, Science
Advances, Pain, PNAS, eftc.

sRaN 2017 Pge ol 14 |1

A

Rewiring the primary somatosensory cortex in
carpal tunnel syndrome with acupuncture

Yumi Maeda,"*" Hyungjun Kim,'™" Norman Kettner,? Jieun Kim,'? Stephen Cina,'
Cristina Malatesta,‘ Jessica Gerber,' Claire Mcl‘lanus,‘ Rebecca Ong-Sutherland.‘

Pia Mezzacappa,' Alexandra Libby,' Ishtiaq Mawla,' Leslie R. Morse,’ Ted J. Kaptchuk,®
Joseph Audette’ and Vitaly Napadow'?

Acupuncture Research in US at NIH

100

National Center for Complementary and Integrative Health (NCCIH)
funds most acupuncture research in the US

Active Projects by Institute/Center

Seloct a bas to view projocts for an Institute/Center

However, NCCIH is a
small fraction of
overall NIH funding

$3,752,243
£691.750
§31,650,390

NIMHD
NIDCR
Total

NCCIH currently P
funds a total of 24 = : e
research and training . : e
grants related to =3 : St
acupuncture e T Lk

8
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The Role of Neuroimaging in Understanding Brain Mechanisms of Acupuncture
- Vlitaly Napadow | Harvard University

Overview

* Researching the Components of Acupuncture

» Somatosensation and brain plasticity with needle stimulation

» Patient / acupuncturist therapeutic alliance and brain-to-brain
concordance

» Topological Atlas and Repository for Acupoint research (TARA)

* NCCIH-funded “Research Resource Center to Build an Open-Access
Repository and Database for Anatomical and Physiological Correlates
of Acupoints” - largest acupuncture-dedicated grant at NIH

I =
< SARA,
Conter> ..

Components of acupuncture

TCM ritual relaxation
history, response

palpation, needles left in

diagnosis, place, patient

therapeutic g rests
alliance

U
somatosensory stimulation
mechanical, thermal, and/or electrical
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- Vitaly Napadow | Harvard University

Randomized single-blind trial with MRI outcomes

IE 8 weeks P
. acupuncture
baseline _ . post-acup follow-up
fMRI, DTI, BCTQ, fMRI, DTI, BCTQ, BCTQ
Nerve Conduction Study Nerve Conduction Study
Local Acupuncture Distal Acupuncture Sham Acupuncture

Lw\?«m // .\“ ‘7 [ \J

I B » | ) sks
uto e PCI v S
N | | 1 ¥/ T s

Y /
\4 ¥/
\ \|L y

[ 4
™S % Y
e N/
u’\:n \% "
gy

/e
| # ' -
Martinos
c.n(_g:

Results: symptom severity & nerve conduction latency

» Symptom severity: No verum vs. sham difference following therapy... however,
symptom reduction retained for verum at 3-months followup

» Median nerve conduction latency: reduced (improved) for verum vs. sham, significant
improvement for both local & distal

BCTQ 558

35
§ 30
E 25 {
g e .
E ,
m 20 LT
g ke

15 =TS verum

= ®= CTS sham

1.0
Baselne Post-acup 3M-folow

' —*4‘ Maeda, Kim et al., Brain 2017
Martinos
t:omg
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Structural contralesional hand ipsilesional hand Ipsilesional leg
Plasticity: ' C v
Diffusion Tensor
Imaging (DTI)
FA:
CTS -39 CTS >HC
vs. HC Peue 0.05 0.01
at baseline

Verum Acup Local Acup Distal Acup
Asor espondsr_:gg)7 B -deactivated by € actlvat(re_glssby
. =037, . & . o BE o 40008,
Cﬁf& esion at'®wHst 5 bcal acUpuncture s distal acufstificture
ced| aicuptincture is ' Blos) ' N5 |
g 003 0 003 g2 Sz b )
FA change in s FA change in
Contralesional hand Ipsilesional hand Ipsilesion%ggda’ Kim et al., 2013
Summary

« Take Home Message: Both verum and sham acupuncture improve
subjective/psychological outcomes, while only verum acupuncture
improves objective/physiological outcomes (nerve conduction latency,
D2/D3 cortical separation).

\ [ \
Medion Nerve Gonduction Lotency D203 cortical separatan distaces
o3

: - v

*rm
Bham

H

8

RRVER

L1 —8=CTSveram
® CTSsram

l # i bt Bassing Poatacug IM-iolow o3
Martinos
Ccnlg

Conduction ehangs (Festécup-Bass, ms)
s o

&
!
Dialance chengs [im, Pastheuy Base)

o
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- Vitaly Napadow | Harvard University

Components of acupuncture

(" TCMritual ) relaxation
history, q response
palpation, needles left in
diagnosis, place, patient
therapeutic rests
alliance

G J

somatosensory stimulation
mechanical, thermal, and/or electrical

Hyperscan fMRI Set-up
* Video / Audio link: -
- MRI-compatible video cameras U-

- MRI-compatible audio microphones

+ 2 MRI scanners synchronized via external trigger

clinician MRI

q

patient MR/
=N
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The Role of Neuroimaging in Understanding Brain Mechanisms of Acupuncture
- \fitaly Napadow | Harvard University

Hyperscan fMRI Set-up

patient MRI

—N

acupuncturist MRI

button box Operating room button box
1
Electroacupuncture v
(EA) applied to reduce Pain ratings
cuff pain (ecologically - :I:'
valid context for MRI) . )
— No Extreme
. pain pain

Hyperscan fMRI Set-up

patient MRI

—N

acupuncturist MRI

fMRI collected synchronously from both MRI scanners

Clinicians Patients
treating Being treated

& &
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The Role of Neuroimaging in Understanding Brain Mechanisms of Acupuncture
- Vitaly Napadow | Harvard University

Treatment reduces cuff pain ratings

. . analgesia vs
> "
Patients Acupuncturists erceived efficac
100 B 100 = 304
analgesia g
= 20
= z 2
75 *k @ 15 £ 104
c © ° °
O ok ok [ o ©® e
2 £ =0 . 0% 888
2 e g e 822 °
E 50 'g 50 E -10 4 o o.
£ 2 & 201 r=0.37
© o [7]
LY S 25 5 30 ° e
L ©
> § 404 ®
X Y e
A P 50 -40 -30 -20 -10 0 10 20 30
Qé\ < @6‘ A Perceived efficacy
(Vicarious pain, Treat-NoTreat)
how might acupuncturists accurately perceive efficacy?
... maybe through video transfer of facial expression?
%
ﬁ;ﬁinns . . . .
Center Ellingsen et al. Science Adv 2020; Ellingsen et al. Trans Psych 2022; Ellingsen et al. PNAS 2023
. . . ; . .
Acupuncturists mirror patients’ facial expression
Change in facial expression (Treat-NoTreat) Overall facial mirroring (4dexpression) vs.
during anticipation of pain/treatment therapeutic alliance and analgesia
Joy = .
Engagemant ? Fear Patients % ”
® Clinicians g:f
== g
Valence / P Disgust %
' £ 201 °
A g r=0.51
Contempt TN, Sadness g 10 . . . .
[ -1 -0.5 0 0.5 1
Overall mirroring across expressions (z’)
Surprise Anger
- . AFacial expressions, %‘
g4 Patients vs clinicians o
g 23 =
7 3 ® o
) ° [ =z
i ? =
| ] R @ -
R 0 AR =
Een i g ;‘-'1 % ’
= 5?2 1 o 30
RE® S T r=-0.52
b g, r=0.80 S 40 ‘ o o
<
5 -1 -0.5 0 0.5 1
5432101234 Overall mirroring across expressions (z’)

AFacial expression (Clinician)
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Brain response overlaps between patients and clinicians

Anticipation of paln

Patients -

Clinicians

0‘

. Conjunction (Patients n Clinicians)
D Conjunction intersected with a priori

Z score anatomical ROIs of social mirroring circuitry
How to assess brain concordance?

Right 5

Trial-by-trial dynamic concordance: social mirror circuitry

Group Analysis:

Dyad-wise analysis pipeline for dynamic Clinicians’ dynamic ?oncordance
brain concordance: Patient’s right TPJ with patients’ rTPJ

(Social interaction — No interaction)

Anticipation of pain
Patient P Clinician
nd lev: ;
(Zstat, rTPJ) regressor (Whole-brain GLM)

Dyad 1 2
1

0
1 Trial

Dyad 2 2
: "— IpFC T TPJ
ool Y

, H H
Dyad 37,

[ J

-1 Trial .

|

No Interaction > Social Interaction >
Social Interaction No Interaction

| »
'& 3{ Marllnos ) R . .
Center Ellingsen et al. Science Adv 2020; Ellingsen et al. Trans Psych 2022; Ellingsen et al. PNAS 2023
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Trial-by-trial dynamic concordance: social mirror circuitry

Groujatiknialysiéan
Clinician$*°a§H4iré EsieEotthnce

ith, patients’ rTPJ
.Patient .
\e’gel%v’hh'eimm-on)

[ ]

No Interaction > Social Interaction >

Social Interaction No Interaction
VX
Martinos X X .
Center Ellingsen et al. Science Adv 2020; Ellingsen et al. Trans Psych 2022; Ellingsen et al. PNAS 2023

» Therapeutic alliance and TPJ concordance is enhanced by
patient-clinician interaction, 1 alliance linked with facial mirroring

 Greater TPJ-to-TPJ concordance and facial expression
mirroring associated with greater analgesia - Is there a link
with Theory of Mind processing?

Martinos
c.m::
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A

" Topological Atlas and Repository for Acupoint research (TARA)

(currently largest acupuncture research grant at NIH)

Topological Atlas &
epasitory for Acupoint
Research

esearc

Vitaly Napadow, PhD LAc
SRH, Harvard Medical School

TARA.Admin-Core

Richard Harris, PhD LAc

UC Irvine

Karl Helmer, PhD

MGH, Harvard Medical School
Project Manager: Laura Triplett, Society for Acupuncture Research

TARA.TEAM-Core

Lead: Richard Harris, PhD LAc
U Michigan, SAR President

5%

TARA.DAT-Core

Lead: Karl Helmer, PhD
MGH, Harvard Med School

- .
N
L
7\

TARA.K-Core

Lead: Maryann Martone, PhD
ucsD

TARA.MAP-Core

Lead: Peter Hunter, PhD
U Auckland

TARA Acupoint Atlas — Whole Body MRI

* Hope to add ultrasound datasets to the Atlas = collaboration with Sanghun Lee at KIOM
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Martinos Center for Biomedical Imaging / Spaulding Rehabilitation Hospital, HMS

Dan-Mikael Ellingsen, PhD Alessandra Anzolin, PhD

Arvina Grahl, PhD Jeungchan Lee, PhD . .

Kylie Isenburg Bruce R Rosen, MD PhD g:vrgzgfn?;_gﬁjlthl\%“ance’ MA

Maya Barton-Zuckerman Jessica Gerber, MS LAc ’

Seneca Ellis Roberta Sclocco, PhD Logan University, Chesterfield, MO
Program in Placebo Studies and Therapeutic Encounter Norman Kettner, DC

Ted Kaptchuk John Kelley, PhD Karolinska Institute, Sweden

Irving Kirsch, PhD

Korean Institute for Oriental Medicine (KIOM), Korea .
Changjin Jung, PhD Jieun Ki(m‘ PhD) Pain Management Center, BWH

Hyungjun Kim, PhD Junhwan Lee, MD/PhD Robert Edwards, PhD
Sanghun Lee, MD

National Center for  NIH, NCCIH (R61/R33-AT009306,
(W15 D) complementary and  P01-AT002048, RO1-AT004714);
Integrative Health KIOM (K15050); COFUND/FRIPRO
(240553/F 20)
Q)
W', The Research Council
- (A) of Norway KIOM

.

Karin Jensen, PhD

l ﬁTapadmw

Lab

Bright Future for KIOM / MGB Collaboration

)

Mass General Brigham

Spaulding Rehabilitation

“au;'tmos
Center

o Bonedical g

Il
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Digital Transformation of Traditional Acupuncture Treatment

- A Project for acupoint-brain-organ connectome & Acupoint-Electroceuticals

2024.10.29.
Jaeuk Kim
Korea Institute of Oriental Medicine

Contents

& 1. Background for digital transformation of acupuncture treatment
& 2. Strategy for digital transformation of acupuncture treatment

& 3. Digital transformation of acupuncture treatment
— Research objectives & contents
4. Digital transformation of acupuncture treatment

— Research outcomes & readiness
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Chapter 1

Background for digital transformation of

-// Background

acupuncture treatment

Increase in chronic and multi—factorial diseases & adverse effects with drug overdoses

D2QISE5M| 01 HIE

E017 @65M 0T OHIE (B9 8 3. %)

439

51822 51927 50855
47,745
42,838

\Toos (19007 (18815

12,980
a ' . 1

2021 2030 2060
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20,000

25,000

20,000

15000 - =E

10,000 o

- II II

(%) 294 0|3t 30C§ s0C§ 60CH 7or.llolé,
CEiE 98 eI e

In Korea, 68.7% of people in their 50s, 83.7% of people in their
60s, and 91.3% of people in their 70s or older have a chronic
disease. www.eptimes.co.kr
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-// Background

280,000

oA
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S 2ES olMARI 20 By

(231: 3D

§

CHIE 27
OlARlE 22

@a“@” 3

3ist

Increase in chronic and multi—factorial diseases & adverse effects with drug overdoses

=]

210000 =
P [ - ws -
140,000 - 1 | B0t 2w e e
3 auw Ll MR LAN BYrRUBe
70,066 ‘ Lot il aposign XeTPR AR LTH
. g Rl Lo ) fussEn
3 . ‘ ByPe RENEY “n L LoCER L L Lt
1 LLELES LU el ) 'lnlibﬂ‘ T lllmlt'l‘lw-‘.‘
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Adverse effect reported due to drug overdose in Korea
. . EnswsRLmn mas WU NEeD L
(KFDA, https://doi.org/10.23000/TRKO201700017744) '
a ELEL ) el o] B bl A5 $HARY

-// Background

Increase in chronic and multi—factorial diseases & adverse effects with drug overdoses

Due to the population increase with chronic complex diseases, the number of

medications prescribed per patient is gradually increasing, and taking polypharmacy

HR (85% CI)
for pohypharmecy

1.29(1.29-1 30)
118 (1.18:119) .

114 (1.94.114) -

129 (1.29-129)
1.18(1.168-1.19) -

114 (1141 14) -

1,39 [1.38-1 40}
1.25(1.24-1 25)
120(1.18-121) -

carries a high risk of drug-drug interactions or various side effects.
If a person aged 65 or older takes 5 or more drugs, the risk of hospitalization c”m:':;""m
increased by 18% and the risk of death increased by 25%, compared to the cases with x:z:
) Hosgpilalization

1~4 drug intake. Model (1)
odel (2]

According to the 2017 Survey on the Elderly, Korean seniors are taking an average of Wadel (3)

Daath

4.1 medications, and about 40% of senior citizens are taking more than 5 medications. Wadel (1)
odel (2)

In several foreign observational studies, in the case of polypharmacy with more than Vo )

five drugs prescribed for one individual, inappropriate prescriptions become more

14

frequent and the risk of drug side effects, hospitalization, and death increases.

os w1 2

Hazard rie

X
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-// Background

Acupuncture : Clinical efficacy & Market size

Atnens.

Acupuncture Treatment Market
Jon vValve § i and 2032

Nmmn@ Creustory Y
‘ ’ Probims o
3H50%
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Acupuncture R o
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Gack. Mach aed
it Pan

What can acupunceure be used to
treat?

AZUREOCHNG CA% DAUSED far SN0 & with (4008 ol illnisces
Dath morta 3G physical.

50%
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oo OAGE 10 POV SRS BLBCB Whis the wirkd of ok A Wil
wegiern nodcine. Howeeer, despin 3 sumber of diffening opevcas an Schross 5.0%
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Oceania
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g

e @ ewn Bloca
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8Sang Over
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hitps//Ammw/ifepointacupuncturecom (Avwwipersistencemarketresearch.com)

n// Background

Worldwide revenue from the acupuncture treatment market reached
US$ 2.7.1Bn in 2021, with CAGR of 16.3% to reach US$143.6 Bn by 2032

6

Acupuncture : Neurobiological Mechanism Reveals

Zhang, F.L., etal, (2017). Neurobiological Mechanism of Acupuncture for
Gastrointestinal Origin. Gastroenterology research and practice.
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-// Background

i = Electroceuticals, which were selected as one of the World Economic Forum's (WEF) Top 10 Promising
Electroceuticals Technologies' in 2018, are increasing market demand as a medical alternative to existing chemical and
biopharmaceuticals thanks to their safety.

Electroceuticals are broadly defined
as medical devices that EleCt &

Precise ond intelligent modulation of nerve-crgan circuita to s
provide new treatments for restocing physical and mental hoalth s

CONCEPT

provide neurostimulation for therapy,
but it is often used as a term to
reference ultra-miniature and/or
injectable implants.

Electrical stimulation therapy has
been gaining momentum in the
recent past since researchers believe
that it could prove to be more
efficient compared to drugs [38].
With the rise of electroceuticals,
there are a number of research
groups working on ‘ .
implantable neurostimulators for ' ‘ ANES ARTIST'S CONCEPT|
pain relief and hearing loss, among

NERVOUSSYSTEM

DIAGNOSE

Prescrite thecspoutic
shenalt

. Develop new high-pracision, minimally e technologies for menitaring
other ailments. and ragulating peripheral nerve signals t contrel organ functions

EY. Chow, ... V. Ramesh, in Wireless MEMS Networks and Applications, 2017 Image courtesy OfDARPA 8

-// Background

Electroceuticals : technological categories and market size

H MIA|
HXISF AR 72 (2} 535R)

2330(2]
(2 30% %)

202214

*At=: 0|HF 2 Mx|(Emergenresearch)
T4 OfXI&] CIXIZ|Rt

20324

Image courtesy Of[NRF R&D Brief.2024-17§] Efxf Qf https://news.mt.co.kr/mtview.php?no=2024022518061364367%
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-// Background

Electroceuticals : R&D trends
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Neuromuseular
electrical stimulation (NMES) S. Bao et al., J. Stroke 22(1), 47-63 (2020)
T.O. Bergmann et al., Neurolmage 140, 4-19 (2016)
10
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-// Background

Electroceuticals : Pain control mechanism

( [Stimulation condition] \ (

- frequency:2-100 Hz

[Stimulation condition] \
- Frequency: 0.5-5 Hz

- duration: 1-60 min - duration: 30-60 min

- type: patch, microneedle ) i 4 - wavelength: visible, infrared
Electric stimulation - Current: 0.2-17 mA Optic stimulation . Power: 10-500 mW

Neuropathic pain [ Pain relief
aawton l_._umfv\ e

PHOTOTHERAPY
Optic stimulation Visitte light | l H \ﬂ! 7] wear-m ugne
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-// Background

Acupoints for neuromodulation (&)

Electroceuticals with acupoint stimulation

of perrutamecus iteal neren
the srestrment o over e tive

Relief band: PC6(LH2H) SP6(&-21) stimulation Ex
stimulation Acu-Ex “Urgent PC PTNS (Percutaneous
Tibial Nerve Stimulation)” OAB
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Chapter 2

Strategy for digital transformation of
acupuncture treatment

“// Strategy

SPARC program & TATA project

25, Big investment fund=SPARG program %, 48 718 AxXS K| =27]= =M
P e
g NIH@2=242) investment : (17~) $ 240M for 7 yrs (approx. ¥ 320B) = 2, Acupoint database collection which can be linked
to SPARC program
NIH e
SPARC(Stmuiating Periheral Activiy to Reliove Concitior) Program = Digital acupoint research on body surface acupuncture
points — securing national strategic technology through

() National Goal S Pﬂl RC B oo ive .
Investigation on association/interaction between PNS ‘ e o TARA_SPARC llnkage
and organs | &
SLeading and ing the tect i by ‘ P
developing next ion medical methods o e {Z& NIH TARA (Topological Atlas and Repository for Acupoint research))

Initiated in 2023 with the goal of integrating acupoint locations standardization
Gold to develop nerve connectome map, electroceuticals, implantable devices effective for and previously published acupoint research data into SPARC's neural connectome project

hypertension, heart failure, gastrointestinal disorders, inflammatory disorders etc.
A -
8
A %|27]7] l \
s &

(17~) SPARC ?
— Peripheral — Brain —
Organ

(~01)Human Genome
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“// Strategy

Our approach: Acu-Electroceuticals (Z& HXI2F, Acu-Ex)
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“// Strategy
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FIRHEL (Glob Adv Health Med. 2021)

Clinical Devices to Treat Pain(85 X2 247|7|) 70'e, 52| YL4HF
—PRISM(Pragmatic and Implementation Studies for the Management of Pain to
Reduce Opioidf’refcribing C QO M7 AF 132, s, A3, EMR W
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Target conditions

Fibromyalgia

Acu Ex that can provide
continuous treatment to
multiple acupoints with a
mind-body therapy approach
that treats anxiety, depression,
sleep disorders, and
gastrointestinal disorders that
accompany pain.

Electric acupuncture treatment result for

Mild cognitive impairment
The effect of acupuncture on MCI
may play a role in regulating the
default mode network, central
executive network, and salience
network.

Acupuncture on mild cognitive impairment: A
systematic review of neuroimaging studies (Yin,

DyY-20
Ear 4 ) Sham * Diabetic Neurophatic Pain
Shen-men-; ;.\l ES- = Noninvasive Acu-Ex that can
/) i g —~ treat circulatory disorder and
LI-1 1|b/1';, l\l\\l £, inflammatory pain
/ / lI \ \ \-
21 VW . PN
L | | | gl Pre Postix
4 \ .l ! AT
|f | {ces LA ’. = P 1
sTaf) (w6 | | | |
I\ IR
}.l *5P6 ) {
s '-'

Electric acupuncture treatment result for diabetic neurophatic pain

fibromyalgia (Malwa, AnR 2021) (Shin, Diabetes Care, 2018)

Major Depressive Disorder and PSD
Acupuncture therapy is safe and effective
in treating MDD and PSD, and could be
considered an alternative option for the
two disorders.

Cognitive

impairment

The effectiveness and safety of acupuncture therapy in depressive

disorders: Systematic review and meta-analysis (Zhang, 2010) 17

2002
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Chapter 3

Digital transformation of acupuncture treatment

— Research objectives & contents

m/ Research objectives

Research Theme: Neuroscience—-based Acupuncture—Meridian—-ICT Convergence Research
Goal: Digital transformation of traditional acupuncture treatment to develop a world—class
nonpharmacological treatment technology

1) Identification of neuroscience—based treatment mechanism and establishing
“acupuncture point (acupoint) — nerve — brain — organ” functional connectome

2) Development of acupoint stimulation technology (acupoint electroceutical; Acu—Ex) and
biosignal-based monitoring and smart control technology

3) Verification of clinical effectiveness and evidence of Acu—Ex, and KFDA medical device
approval

+ Target conditions: (intractable) pain, cognitive impairment, mood disorder

* Acu—Ex source: electric, optic, photo—thermal, electo—thermal, HIFU etc
* Device type: wearable, pad type
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m/ Research objectives

1) Identification of neuroscience—based treatment mechanism and establishing “ acupoint — nerve — brain

—organ” functional connectome
2) Development of Acu—Ex and biosignal-based monitoring and smart control technology
3) Verification of clinical effectiveness and evidence of Acu—Ex, and KFDA medical device approval

Clinical evidence and
KFDA medical device approval

Identification of acupoint based on
neuroscientific treatment mechanisms and
constructing acupoint-nerve—organ connectome

Developing Acu—Ex and biosignal—
based active control technology

Acupoint stimulation device Smart control technology

[o] twork . . e
4Lhlid . ‘ o (Optical/Electric/Photother based on biosignal @
A ‘ mal/Ultrasonic etc) monitoring = £
s [
> 5% £ :
A Albumin self- i 2 S
o
fluorescence map 1 1 - !Q
== =TT o e \"l’ : @
- = st | famncm s e : ® v
LS . > 0 e n
A ~
_ . \’-,Response -
Spinal cord network hoint KOREA FOOD & DRUG
k 2\ ADVINISTRATION IDE (IND)
\—=»
B Symptom spot Reclinlopl  Phasel  Phasell  Phaselll  Phase iy L = l
Peripheral nerve network 'nr-rl'” %"!’ > UF?;I > =2 A
EERIT, IERL, €
U

m/ Research Contents

Neuroscience and neurotransmission pathway—based acupoint connectome research

Neuro-physiological mechanism study of symptom relief by acupoint/surface response point stimulation based on animal model

and human MRI study

Establishing “acupoint - peripheral nerve — brain - spinal cord - organ” functional connectome

Acupoint visualization/activation substance exploration

cogLr;;\Lj;a?rl1epZﬁ':2€nt ‘ Neuro-physiological mechanism and functional connectome study Exploring novel acupoint visualization/activation substance
moodﬂsorder Human MRI P -
Selecting acupoints =) A
T ¢
A 1 8o T v Surface Graphene
\A || 2% B l],' ‘ ?t ” ’ treatment Mix 3
7\ . = oy -
- b
rJ Si based Charged surface SNP + Graphene
= Nanoparticle (SNP)
s (SNP) ‘
Modification
€=t
\ )
;7?(?"""’ Spinal cord - organ Graphene coated SNP Graphene-SNP
eripher Animal stud N
\ pnery & )\ /.
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m// Research Contents

Development of minimally irritative acupoint stimulation technology with equivalent acupuncture effects

= Study of response characteristics according to optical/electrical stimulation at acupoints whose efficacy and mechanism for the

target symptoms is verified

= Derivation of stimulation optimization methods for representative acupoints such as pulse type, stimulation frequency/intensity,

filter, and stimulation duration

= Sensor module fabrication accounting for skin and acupoint geometries, ensuring signal sensing and appropriate sensor housing
Acupoint stimulation response ’

Optimal stimulation condition ‘ Medical compatible materials and device

characteristics with biosignals fabrication
o RSP
] | e
-

{i

» KC approved parts
+ Sample fabrication
22 Usebility test

Acu-Ex technology

22

m// Research Contents
ICT converge technology for smart control of Acu—Ex

= Symptom monitoring technology based on Patient Reported Outcome (PRO)

= Patient monitoring technology based on multi-modal biosignals (HR/V, EEG, Peripheral Blood flow, Body temp, Respiration etc)
= Smart control technology of Acu-Electroceutical linked to patient monitoring information

= Remote prescription and patient management station technology

Biosignal real-time monitoring Pain scale, SNR/PNR, EEG/alpha

PRO symptom markers technology BodyTiiPeripheral Blood flow, RSP,

HR/HRV
(PPG/Smart watch)

|} .’*\. Body Temp
1] (DITI)

Respiration‘ Peripher
S Y (Rsp sensor al Blood
- - /smart watch) flow

- &AMl Acupoints, Pulse type; Frequency
HaA) Power, Duration, ...

23
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m/ Research Contents

Institute

Electro Core (2018)
electric Ybrain (2021)

Nerivio (2019)

Ex

Color seven (2019)

Aalok (2019)

Characteristics
Product . . Medical
Stimulus condition
symptom
-
e 60 mA -
igrane
K { 25 Hz g
»
& L 232 mA Migrane/
———
-2 5-10Hz Stress
1.76 mA
Migrane
{ 0.1-0.5 Hz
Red, continuous Menstrual
(610-630nm) eremps
Red/Infrared dual wave,
continuous Myalgia

[Electric Acu-Ex]

(625, 830nm)

Low current sti

KIOM General Pain
. compared to patch Chronic pain:
(electric) Type Fibromyalgia
Acu Electri
E C&O p [Optic Acu-Ex]
-EX i General Pain
tic KIOM White light, pulse type  Chronic pain:
i 400-7501 Diabetic
(optic) " - 6 L) neuropathic pain

m/ Research Contents

Stimulus
location

electrode

Peripheral nerve |,

Pad type

Trigeminal nerve *

Band type

Nerve

Pad type

Acupoint

(smooth muscl) .

Pad type
Muscle

Microneedle
Acupoint
subcutaneous

layer

Pad type
Acupoint

Pro/Cons
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- 2Y Y HY iR 85 =
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SI2/BA AL . CIEZAEX2 b5

- B EO0|M M2E OMZEFE . ujeals 223 MUY HEA
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Sthet
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Identification of the efficacy and mechanism of Acu—Ex in animal models of medical symptoms

= Establishment of animal model and selection of complex phenotypic evaluation index through behavioral test

= Comparative studies on the effects of acupuncture stimulation and Acu-Ex stimulation for representative acupuncture points

and stimulation conditions

« |dentification of the efficacy of Acu-Ex at multiple levels of biological systems (neurological/gut-brain axis regulation mechanism,

pain-cognition-emotion regulation mechanism)

Multiple biological systems
and complex phenotypes

Establishment of animal model and behavioral test

Molecular biology & neuroscience mechanism

identification

+ Diabetic neuropathy « Pain-like behavior

« Fibromyalgia : A ElDD
Lp. m::y « Emotion(depression/anxiety)
s

7 © 2 1

1 hemical-in in
A ) chemicalinduced PaiN g o test s ez test - Ron-ros st

* Cognition
Fear conditioning

learning test
‘Associate learming

Y Maze test

‘ ‘Short-term memory

&

factors

* Non-neuronal cells
(Immune and glial cells)

+ Pro-inflammatory immune

* Neuronal cells

(Neuroactive signal factors)

- Structural & Functional
synaptic plasticity

- Neurotrophic factors

- Neurotransmitters

* Neural circuit
- BLA-dHPC-mPFC
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m/ Research Contents

Identification of clinical treatment mechanism based on brain imaging of Acu—-Ex
compared to acupuncture treatment

« Establishment of a brain-based “pain-cognition-emotion” complex phenotypic pain control evaluation method
= Establishment of analysis method based on brain functional processing, cerebral network, and gut-brain axis

= Evaluation of the brain scientific mechanism of symptom control of Acu-Ex

Complex phenotype in cerebral cortical Establishment of analysis method for Evaluation of the brain scientific
mechanisms complex phenotypic neuronal control mechanism of symptom control of Acu-Ex
. o
pain matrix Ll S 4
5 EITETTITE S BTN shCUP
1 Sansory discriminntive aspact of pain -
Asective component of pain = - Nwmlmmnl ] A pascoACE
7 = Affoztnd by emal oot - -
@ Cognitiva aspect of pam ; H ﬂ B -|nm|u|;od by pevshaegical talons Fl_"fbi}
omatoses 3 - E +Mamary tormatan oFe @
o
1 £ \ o
. . . i . . parcaptiva-attentional
“pain-emotion” simultaneous stimulation paradigm .§ . modulation = b
Brsn i | - Atlaricnal modulaion [y
i) = === -
T l 4 wacur i
OMNSNSMY Sy ~ Bunsory ansding —= 5508 rai)
@ PR Pain lncalzation 5
‘ 0] Pl chamctsristcs -
@ﬁ—' r"
affacent-sflarant fers
N Pain-cognition-emotion cortical network/brain-gut axis
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m/ Research Contents

Clinical study for Acu—Ex based on randomized comparative clinical trials

= Development of Acu-Ex clinical trial protocol and conduct of IDE medical device clinical trials (exploratory/confirmatory)
= Conduct clinical trials including safety/efficacy evaluation, optimized for pain, cognitive impairment, and mood disorder

= Conduct profitability evaluation of Acu-Ex compared to acupuncture treatment

linical test for medical devic Comparative clinical study of Acu-Ex with . ]
¢ ;evelopmenteal sctaagee ) i acupuncture treitment Satetyfefficacyfeconoricliest
- QtEd Wit x| B
“ I/ olyES T4 U XK, WH Y2 BAY LS
Acupuncture f s
. QBN I XE
Acu-Ex VAS, NRS, McGill 5 dEX|, TSH| Atg fle

22 FAAZESl Zol, gatol Cfeh ZaH Bt
=

Electric - FHY "I K| E

Microneedle p EQ-5D-5L, EQ-VAS, SF-12 9| |8 &1t X|&
Optic stimulus
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Final Outcomes

\ Expected Outcomes

Acupoint stimulation integrated system based on biosignal

Acupoint-nerve-brain—organ functional network

monitoring FDA approval

Neuro/brain science Acupoint-brain-organ . £ Bl ical medical
R S R S,
" Control Biosensor
- sonal o .
. 377 Multimodd
ICT converged ? l bi‘:fi?"a'
int stimulator . e
eI RN updint simaton Q) sseermen
w Biosignal changes \cupoint-=nerve
data
\ H|EEE H=7P)
Expected effect o VLS, EH
M
> Dominate the digital healthcare market through the development of next—generation
treatment technology that converges TKM technology and ICT ‘-’—’r’liu’;'%i
> Create super—gap technology for measurement, stimulation, and monitoring devices by
utilizing unique acupoint-nerve-brain—visceral networks
. 5 . . TAl AI_lA( WA
> Provide non—-pharmaceutical treatment methods to treat/care for various diseases at home FI‘?.%?&Q ’é;‘gﬁiﬂj :.j,ﬂ
22 o opt HANR g e 132

Executive Plan

Based on “KIOM Global ICT Acupuncture Meridian Convergence Center”,
establishing a collaborating network with top domestic and foreign research institutes

| ——
Acupoint—
“E D SPARE
. ”
L l_.]bf qain e e N HARVARD
lization V.. e UNIVERSITY =
mechanism FJ‘ ?.;ul-:'l}l::l []|\EJ
KB g
— et ah g
KOPT: z=w7iam Sensing/ il '1‘]!‘1 i
KAIST toohadony o g azaaznyes
m/'-yru?an-.'ﬂm @ Ry

KIOM S2¢ 732 ICT 83 1E

- (O1Y) 329 57T BST o250 23 aT
- 57 1A 7Y X ICT SR , human B
- 324 HUST 15 UY BUAT 2T ﬁ wr U

- ICT-5[T3t S ST 913t O A7ZH| 75
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Chapter 4

Digital transformation of acupuncture treatment

— Research outcomes & readiness

Research readiness

Ol gt gt

A FM ST, connectivity: PAIN v. REST
3M - Baseline

| K= @ de BT il

é{“ @ A - Sibal
S el B 9 @

Symptom Severity Scale

e

» Neurological treatment mechanism for pain relief with % Neurological treatment mechanism for fibromyalgia |
acupuncture stimulation

Clinical effectiveness

TN e
2 .
i TN )
H
2 \\-'
i . 2056%e2
» 1
nauw n - oy es =
» The clinical effectiveness of electroacupuncture > Blood pressure lowering effect with PC6 (Neiguan) |

treatment on diabetic neuropathy acupoint stimulation
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Research readiness

> M )
202°C (@ min) 31.5°C {30 min) 34.7°C {80 min)

> Improvement of peripheral blood circulation w
through optic acupoint stimulation

> Developed electrothermal acupuncture
stimulation technology

W > Stress control mechanism by HT7 (Shen Men)
acupoint stimulation and biosignal monitoring

Neurological mechanism

oha ke ol il

“Cattora- <HT? swmulation
MBONF & mEDNF &
ER-stress ¢ ER-struis 3
REM Sieep 3 REM Seep

Immetslity tme o Immeslity time &

<Sleep

> Biological control mechanism verification for PTSD w > Brain functional network with acupuncture

stimulation

W > Mechanism verification with body surface W
response point

Research readiness

Biosignal-based patient monitoring research

s SE W A X 2o g2l = N
o4 EuuE =3 GWu -
WSO qmaa

Acupoint visualization / Nanoparticle—based visualization

: 3 il

Prediction model for cognitive impairment ‘}
with only prefrontal EEG

> Smart band pulse measuring/monitoring ‘]
device

) Association between acupoint and surface response point ofw
albumin eminence

> Development of biosignal sensors and W
analysis algorithms

> Smart cupping with real-time blood flow ‘]
monitoring

) Silicon/graphene nano-particle as candidate contrast medium}
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Al-ready High-quality Clinical Bigdata Platform for the Digital
Transformation of
Traditional Korean Medicine

Principle Researcher of KM data division
Sanghun Lee

Q)

or0to[lRy

oA ERUTL G

Stroke Diagnosis, Artificial Intelligence vs. Scholars::- Al Wins

Reporter Isulbl  Fost=c

From left) Professor David Schellingerhout of MD Andesson Cancer Certter, Professor Kim Dong-eok of |
pital, and Professor John Wen-Yue Then of Hanvard Madical School are competing against artficial inte
LK

A stroke expert and an Al competed to determine the prognosis of extremely difficult pat

ient video cases. The Al won with an average score of 72 to 50.
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Al improves lung cancer detection on chest radiographs
By Wil Morton, AuntMinnie.com staff writer

— Al can accurately diagnose mpox =
June 28, 2023 — Assistance from an Al model with high diagnostic accuracy cd using photos Of rash. researchers

impreve lung cancer detection and increase human acceptance of Al suggestiq
regardless of reader characteristics, according 1o new research published in sa;
Radiology. y

inareacer stdy, | Machine Learning Algorithm D

University College
improved reader pq Accuracy

G
1o more fraquent cl FORTUNE S sonn

susceptibility, By HospiMedica Internatid
“We think this ssud Fosted on 11 Apr 2023

this study: humans|
performance Al * P

News brief | une

ko, MS

TECH - ALZHEIMER'S

swke s one of the| Researchers used artificial intelligence to detect

Despite substantial misdiagnosed medical con

can only be assesd gaecion s cucal o 4 AlZheimer’s risk with over 90% accuracy and could

authors explained

and attitudes towar| Patients treated within an Ty 3 .

noted onset have  nigner char| tr@NSform how medicine is practiced
To help address th| @volding long-term  brair| 1. smismaw pore ny o

patients with 63 ma reveals that Blacks, Hispa
?f;:,g:‘it;saﬁ: ?g adults on Medicare, and
less likely to be diagnosed
The study consiste) ymoframe Existing pre-hog
second session in
a high- or low-acey| ©veriook about 30% of ca
and reader suscep| has shown that a mach
wate fhen compard algorithm, utiizing hospital
determinants of heaith dat{
1 stroke quickly—before laby
or diagnostic images beco
B83% accuracy. This find|
possibility of reducing strok
enhancing patient monitorir|

patient outcomes

")

Most Popular

FINANCE
Lucid CEOs $370 milion
annual pay draws -

eriticium from Billicnaire
Elon Mesk: Beware any
company where

feadership.

Momeal pon

T WRLDAMEL

) Gartner: Ways to ensure your data
Deloitte. is AI-ready

o o 000

WIRE19

at nisk
ly mest the damands for Al-ready data

traditional data management put ther Al init in datn and analytics must be able to

A data stratagy has ahways been crucal. Howsves with the emargence of AT and Genal, the comersaton
sumounding data has reachad a new level. According to Gartner research, only 49 of organizstions have
reportad that their data is prepared for AL In other words, 6% of crganizaticas are not prepared.
S V! rgangations that do not recognize the significant distincbions between data requrements for Al and
S your o ognize the signifi b & for Al znd

demonstrate the readiness of ther data to effects
Al-ready dats means that your data must be rapresentative of the use case, induding all pattarns, errors,
As a CDO preparing for the latest with Al, what's next for outiers, and unexpacted emergence that & nesded to train of run the AL
your leadership and organization? Begin with assessing readness for Al is not a one-time task, nor can it be prepare
where your data Is and where it needs to go for Al - 3 precess

el for the specific use, Data

in advance

or all data. It is an ongong

d peactice that relies on the availabilty of metadata to align, quaify and govem the data.

Adita Karkera, Mike Greene,
Landon Henderson, Jonathan Newman

To prove data is Al-ready, data and anal (D&A) and Al teams wil need to be capable of quickly teratng

and conwergng to identify data that = fit for use along the full development and cperstionaiizaticn of the Al

use case. DBA keaders must address the following recommendations to ensure their data is Al-ready.
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. Q
What is Al-ready Data? éﬂﬂ%ig

NSTITUTE OF CRDTAL

Al-ready data is
structured,

high-quality information that can be easily used to train
machine learning models,

and run Al applications with minimal engineering effort.

What is Al-ready Data? ez

0F CRIDMTAL WETKCNE

Big Data Saves Small Babies by
Detecting Nosocomial Infections
Earlier Than Clinicians

Published 19/11/2014 By * Shiva Gopal Reddy, MSc  « D comments

Project Artemis, a Big Data analytics platform developed jointly by
IBM and the University of Ontario’s Institute of Technology, can
detect nosocomial infections in premature babies 24 hours before
the symptoms appear.

Shiva Gopal Reddy, Big data is getting bigger in healthcare. It promises to herald a new age of data-driven
MSc care wherein healthcare professionals will be able to improve the effectiveness of care
View prome by analyzing huge amounts of data derived from millions of cases and use it to define the
needs of subpopulations. This will enable more personalized decisions tailored to
individual needs, and help to identify and intervene for population groups at risk.
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Y,
arRoroor e

Source: L =

1. ECG(electrocardiogram) ‘

2. pulse rate

3. respiration rate

4. blood oxygen level g/

5. Medical chart(includes Prognostic information)

Big Data Saves Small Babies by
Detecting Nosocomial Infections
Earlier Than Clinicians

A

What is Al-ready Data?

£

Source:
Device Data type
time series raw  doctor’s daily reading doctor's daily reading
ECG data file results in EMR results in EMR
(P-R: 1000ms, QRS:80ms, Q-T:500ms) (Long QT Syndrome)
time series raw doctor’s daily exam doctor’s daily exam
Pulse rate data file results in EMR results in EMR
(60bpm) (bradycardia)
Respiration  time series raw doctor’s daily exam doctor’s daily exam
rate data file results in EMR results in EMR
(30bpm) (tachypnea)
Blood time series raw doctor’s daily exam doctor’s daily exam
oxygen level data file results in EMR results in EMR
(96%) (insufficient)
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What is Al-ready Data?

Source: T
Device Data type
4 "\ doctor’s daily reading doctor's daily reading
ECG results in EMR results in EMR
(P-R: 1000ms, QRS:80ms, Q-T:500ms) (Long QT Syndrome)
doctor’s daily exam doctor’s daily exam
Pulse rate If measurement results in EMR results in EMR
methOd or flle (60bpm) (bradycardia)
Respiration format differs for | doctor’s daily exam doctor’s daily exam
rate each device results in EMR results in EMR
(30bpm) (tachypnea)
Blood doctor’s daily exam doctor’s daily exam
results in EMR results in EMR
oxygen level \ (96%) (insufficient)
Al ready Almost Impossible Bad Almost Impossible
P

What is Al-ready Data?

Source:

Device Data type

4 "\ doctor’s daily reading  doctor's daily reading
ECG results in EMR results in EMR
(P-R: 1000ms, QRS:80ms, Q-T:500ms) (Long QT Syndrome)
If SOP doctor’s daily exam doctor’s daily exam
Pulse rate (Standard results in EMR results in EMR
Operation (60bpm) (bradycardia)
Respiration | T rotocol) differs | doctor’s daily exam doctor’s daily exam
rate for each device, results in EMR results in EMR
or each doctor (30bpm) (tachypnea)
Blood doctor’s daily exam doctor’s daily exam
results in EMR results in EMR
oxygen level \_ (96%) (insufficient)
Al ready Almost Impossible Bad Almost Impossible
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Y/

ool

WSTITUT OF CRITNTAL WECICNE

ProtocolName 0018,1030  Coronarias
Contrast_BolusVolume 0018,1041 0
N\ ContrastFlowRate 0018,1046 O
DICOM File ContrastFlowDuration 0018,1047 ©
Contrast_BolusingredientConcentration 0018,1049 0
ReconstructionDiameter 0018,1100 200
DistanceSourcetoDetector 0018,1110 1040
DistanceSourcetoPatient 0018,1111 570
Gantry_DetectorTilt 0018,1120 0
TableHeight 0018,1130 183
RotationDirection 0018,1140 CW

0018,1150 238
0018,1151

FilterType 0018,1160 0O
GeneratorPower 0018,1170 58
FocalSpots 0018,1190 1.2
DateofLastCalibration 0018,1200 20060727
TimeofLastCalibration 0018,1201  085454.000000
ConvolutionKernel 0018,1210  B25¢
PatientPosition 0018,5100 FFS
Unknown 0019,0010
Unknown 0019,1000
StudylnstanceUID 0020,000d  1.2.276.0.200607270934002006276091
SeriesinstanceUID 0020,000e  1.3.12.2.1107.5.1.4.54...707295196800006906
StudylD 0020,0010 2006276091
SeriesNumber 0020,0011 5
AcquisitionNumber 0020,0012 11

‘ InstanceNumber 0020,0013 553

5\ / » ImagePositionPatient 0020,0032  -76.8046875\-282.8046875\-331.3
¥ ImageOrientationPatient 0020,0037  1\O\O\O\1\0

FrameofReferenceUID 0020,0052  1.3.12.2.1107.5.1.4.54...706504381200000934

1

Y

IR0l

OF CRDATAL METICNE

Medical Devices - Al > Diagnostics

Rapidly advancing radiology...Stagnant
pathology...digital sharpens the contrast

‘ Inbok Lee | Publication date’ 2021-02-15 0545555 @) @

Digital transformation in radiology and pathology...Gap widens
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: Q)
What |S Al'ready Data? opgo._lg,q;ﬂ

WSTITUTE OF CRIDITAL WETICNE

Al-ready data is structured, high-quality information that can be
easily used to train machine learning models and run Al
applications with minimal engineering effort.

/ N
1.Clear lineage and validation

2.Clean and well-structured

3.Comprehensive metadata and documentation

14
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What is Al-ready Data? Q)

NOREANSTITUTE OF CRIDMTAL

Clear lineage and validation

To ensure data accuracy. The sources of the data must be traceable and the
measurements must be consistent with relevant standards and be capable of
validation.

Clean and well-structured

To increase data utilization and interoperability, data
components should be clearly and specifically defined and
well-structured.

Comprehensive metadata and documentation

To ensure both human and Al understanding of the data, the
data should be well described and documented.

L . Y,
Characteristics of TM’s Clinical Data pravrorean

OF CRDATAL METICNE

P92 (Four examinations)
Observation(£2), Listening(fz2), Palpation(t12)

* Recording the doctor's subjective judgments using the five

senses
* Measured by the sensory organs like eyes, nose, ears

» Classified, defined and recorded by subjective judgment

«  Ex. B @il Be5% KXH

Inaccuracy of Human Sensory Organs, Judgmental Subjectivity
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0"
Characteristics of TM’s Clinical Data 'w)i*.’_'eaem?ﬂ

NREANSTITUTE OF CRIDATAL METICNE

952 (Four examinations)
Asking(f2)
* Recording the content of questions and answers using everyday
terms for diagnosis
* Inconsistency between word meaning of doctor and word
meaning of patient
Ex. B# vs £/, RIHEW vs HHE

* Unit mismatch ‘\!/ \f!/ pr_’
| o/ e B

Ex. Soju, baijiu Beer S
~/ J

Intra-Rater Reliability of Tongue Color Classification

Subject
- 10 doctors selected by 10 major academy of TKM

Tongue image preparation

- 2000 tongue images captured by KIOM Tongue
diagnosis device that complies with ISO
international standards was used.

Acquisition of labeling data

- The data was acquired 5 times randomly by the
SW developed for this study on a Samsung Galaxy
Tab S7, which was color calibrated in advance.

18
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Intra-Rater Reliability of Tongue Color Classification

The average value of intra-rater agreement for all 10 doctors is 0.47
which is a moderate agreement.
Only 1 TKM doctor shows good, while 2 doctor shows Fair.

Distribution of Kappa scores among TKM doctors

g 0.6~
2
5 04-
Value of & | Strength of Agreement
02! <0.20 Poor
0.21-040 Fair
0.41-0.60 Moderate
0.0- c\\‘ 0&. OOV » c«‘" o\“’. co‘ 0&' 09' o 0.61-0.80 Good
F F F FF S FFF > 080 Very Good

Doctors

Y

oo

oF cRpaTAL

Problems on facial color labeling

Flushed skin
color

RGB(174, 148, 138)

. Normal skin color A
CIE Lab(634, 81,89

Flushed skin color E

RGB(199, 147, 166)
CIE Lab(65.9, 22.1, -2.4)

o Difference
Rin RGB: 25
ainlab:25

Normal skin color A
Case 2

Flushed skin color €

- Flushed skin color F
A . RGB(205,139,159)
> . CIE Lab(64.7, 28.5, -0.6)

Difference
Rin RGB: 0
ainlab:9

Normal skin color D
D RGB(205, 174, 174)
CIE Lab(73.7. 112, 42)

| {
Normal skin color D

140

Flushed skin color F
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Variablization of TM clinical data arzoto)or19)

NREANSTITUTE OF CRIDATAL METICNE

If we don’t express what we know
in the form of numbers,
we really don’t know much about it.

If we don’t know much about it,
we can’t control it.

If we can’t control it,
we are at the mercy of chance. Lord William Thomson Kelvin

(1824-1907)

Where we Mmake wha News & Programimes  Who we
& difference Denefis resolrces &initiatives are Q

Home / Waio we are / About us / History

<al and electr

Enabling a new technology The bicentenary of Lord
Kelvin’s birth

Electricity was the driving force for the 2nd industrial revolution and remains equaily essential today, for
the 4th industrial revolution

As early as the 1880s, scientists started to realize that a lack of common terminclogy, measurements and
ratings slowed the advancement of electrical science and hindered the development of markets

When the Internationa! Electrical Congress convened at the Worid's Fair in St. Louis in 1904, the exhibits
that occupled the Palace of Electricity used electricity of numerous different voltages, direct current or 1

2-, or 3-phase afternating current, with many different frequencies as well as a vanety of connectors and
plugs.

As a result, the Congress made a proposal for setting up a permanent international commission charged
with establishing the terms and measurements for ratings of electrical apparatus and machines.
Subsequently, the IEC (International Electrotechnical Commission) was founded in London and held its first
meeting at Hotel Cecil on 26 and 27 June 1906 with Alexander Siemens as Chair.

Representatives of Austria, Belgium, Canada, France, Germany, Great Britain, Holland, Hungary, Switzeriand
Spain, Japan and the United Statee participated. Norway, Sweden and Denmark, although not represented
were also members of the proposed organization AL WA T, A i 81

At this meeting, Lord Kelvin, was elected the first President of the Commission and Charles Le Maistre
became acting Secratary, a position Le Malstre retained until his death in 1953 Find out more -
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Y,
oraotojoe

A

o120t0j0to1a8

oF cRpaTAL
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AV

papojoreiay

s
BB Microsoft ' SAMSUNG

Google -
amazonalexa B0 8 O Cortana - U Bixby

AV

or0tojtt e

0% cRDaTAL

Information Technology Laboratory

Information Access Division (IAD)

Voice Standard Development Plans

Defining a Voice Record to the ANSI/NIST-ITL Standard
Type 11 Record

Mark Przybocki
Multimodal Information Group

http://www.nist.gov/itl/iad/mig
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Y/

ool

WSTITUT OF CRITNTAL WECICNE

Type-11 Voice Record

Working Definition
* Used to exchange voice biometric data
— Along with textual information fields relevant to the sample
* Targets automated voice identification and verification systems
— Not, evidentiary storage
— Not, transmission of statements
— Not, for use in speech recognition systems alone
* Arecord is to be about a single person

— Asample (defined by a Type 20 record) containing Voice of multiple
individuals may be used by multiple Type 11 records, each
corresponding to a separate ANSI/NIST-ITL transaction

* To define a Transmission Standard

Q)

R PO AUH P
nature medicine 8
Analysis https://doi.org/10.1038/s41591-023-02608-w

The value of standards for health datasetsin
artificialintelligence-based applications
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Variablization of TM clinical data

Y/

oraoo/or1e

0F CRIMTAL MEDKNE

Vocabulary Unit

Uncertainty

Le Systeme
international d'unités
The International
System
of Units

JCGM 200:2008

International vocabulary of
metrology — Basic and general
concepts and associated terms
(VIM)

Vocabulaire international de
étrologie — Concepts
fondamentaux et générauix et
termes associés (VIM)

o

= JcaM 2008

i

GUIDE 98-3

Uncertainty of measurement —

Part 3:
Guide to the expression of
uncertainty in measurement
(GUM:1995)

VIM
2007, 2nd ed.

sl
2006 (8 Ed.)

GUM
2008

. . Q)
Standardization status of TM clinical data zzzeaeve

Terminology

Taking part

ISO/TC 249

Traditional Chinese medicine

i 0 @ Pucjocts duletod

STANDARD AND/OR PROJECT UNDER THE DIRECT RESPONSIBILITY OF ISO/TC 249 SECRETARIAT o0 & STAGE

OVER THE HORIZONS : TRADITIONAL MEDICINE AS FUTURE MEDICINE

\VHO INTERNATIONAL
STANDARD TERMINOLOGIES

ON TRADITIONAL MEDICINE
INTHE WESTERN PACIFIC REGION
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- . . Q
Standardization status of TM clinical data zzeeuzze

Coding rule

tional Chinese medicine

Filter: ¥ @ Published standards ¥ @ Standards under development @ Withdrawn standards @ Projects deleted

STANDARD AND/OR PROJECT UNDER THE DIRECT RESPONSIBILITY OF 1SO/TC 249 SECRETARIAT () 4 STAGE |
@150 18668-1:2016 60.60
Traditional Chinese medicine — Coding system for Chinese medicines — Pait 1: Coding rules for Chinese medicines

@ IS0 18668-2:2017 60.60

Traditional Chinese medicine — Coding system for Chinese medicines — Part 2: Codes for decoction pieces

@ IS0 18668-3:2017 60.60

Traditional Chinese medicine — Coding system for Chinese medicines — Part 3: Codes for Chinese Materia Medica

@ 1S0 18668-4:2017 60.60

Traditional Chinese medicine — Coding system for Chinese medicines — Part 4: Codes for granule forms of individual medicinals for prescriptions

@150 20333:2017 60.60

Traditional Chinese medicine — Coding rules for Chinese medicines in supply chain management

@ 1S0 20334:2018 60.60

Traditional Chinese medicine — Coding system of formulae

. .. Q
Standardization status of TM clinical data émﬂgig

Measurement device

A
........ CAL COMMITTEES

ISO/TC 249

Traditional Chinese medicine

Alter: ¥ @ Published standands  # © Standars under development  © @ Withduwn standards @ Projects deleled
STANDARD AND/OR PROJECT UNDER THE DIRECT RESPONSIBILITY OF ISO/TC 249 SECRETARIAT = & STAGE
@ 1S0/TS 20758:2019 60.60

Tiaditional Chinese medicine — Abdosmbial phvsiological parameter delectoss

@ ISO/FDIS 18615 50,00

Traditional Chinese medicine — General requirements of electic radial pulse tonometiic devices

@150 20498-1:2019 60.64

Tiaditionat Chinese medicine — Computerized tangue image analysis sysiem — Part 1: General requliements
-
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oY

r 1. Development of oriental clinical data quantification and = N

com standardization collection technology gp-,?.;a?'

1. Developing standard protocol based on ready-to-use technology
1.1 Development and optimization of protocols for key indicators of Korean medicine

- Composition of expert advisory committee of the Korean Medical Association and 15 sub-society

- Defining 12 items (middle class) of universal key indicators in Korean medicine

- Development of standard measurement protocol for selected key indicators (30 quantitative indicators, 23 qualitative
indicators, 4 Korean medical diagnoses) and optimization

e LT

1.2 Development and Optimization of Clinical Key Indicator Measurement Protocols for Disease 2™ "Al B1elAY e Misich

fyme 12 &

BUYY WYNE SFU HO(% SU 2E ol
DU LA § 1671 BT 60M B8 W
T AU DY 202 190 MEM S oY

- Selection of target diseases and clinical diagnosis key indicators through consultation with
related societies Neuropsychiatric disease (2019), Lung system disease (2020)

- Optimization through development of standard measurement protocol for disease-specific
clinical indicators of neuropsychiatric diseases (sequelae of cerebrovascular disease, facial
nerve palsy) and pulmonary diseases (atopic dermatitis, allergic rhinitis) and application of
actual clinical environment

Y
— Development of oriental clinical data collection system Ql .
TKM Clinic and utilization service Personel

1. Development of clinical data collection platform and service development
for sustainable collection

Health check-up data collection system Clinical data collection system

i

* g

HUHTA2H 28 9 D83} 20213 HPHT EEH) >
S UELELEE . U EOJE T 2 B2 AAH AY
z CHUNEI B (BE DRNZON) TS UER 22

« @7l 571 eHa oM H - HF IEEA, L3P0|A, 2D HER F2H 017

34
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AV

- -
Remaining tasks ki
NOREANSTITUT: O CRUDMTAL WECKNE
Concept Variableization Measuring method
PR L LR L I .‘Vesh Crezm Transluscent Cream Saguaro Blossom Scotchbutter
NORMAL
:.Sl..l .l:?v:‘“ e "-’-‘oached Paar Pale Daffodil Neapolitan Yellow Ivory Castle
Straw Yellow Candle Glow Pollen Clear Amber Eqg Custard
Naples Yellow Cautious Yellow Sunbeam Glow Gold Finch Wasberry
Sunflower Lemon Zest . Elecmic veallow __Sev;ung Vellow Harvest Moon
. B - i
: R D—
Golden Glow Goldenrod + Bumblebee svellow Ochre Filigrez Gold

DESIGNED BY JENNIFER CHALET DEHYD:RATED

Y,

Personel

Development of oriental clinical data collection system
and utilization service

TKM Clinic

2. Development of Lifelog data collection platform and service development
for sustainable collection

Clinical data based Life
coaching service

Lifelog data collection Literature based Life

App coaching service

1APAE (20194) 2XHAE (20204) 3XPAE (20214)

MY 44 G0E 3 BHY I Y3 B2 FH 2HYY YHOE 20|E20 8 HETE BE YHoE

CHEO| § Ti0| Wagleic),
R FMAEULE

- Jlﬁéq'u’ s A PErT

E‘ Luean & n
i 2

i e 1,520.

/ weswene
o
H 1% .
iy

+ PHIYEUD TSXIH ALY 8 AE

- EO|UZ 2| RHIYY (i0S, Android) - Bol 29 ol s 9 X ol 2% -TRE §I# 7|2l alo|=2 0 HE

- Y F2 U REY U 2UY - 2 7P oE AP =M (X2 S0l - TE A0 chE YA Y2| Teaching HE

Rl Adn . RESEI AR S el - Uy WE AUTRIE I8 o] 2E% 35
« ADEE 708 359 AT =2 84 MH|A 288 ool Sax

« HIE T MH|A BHIR BHE P8 HAY E, QI S BUX I&

UY HEIIE HA 75
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QY

Development of oriental clinical data collection system é% .
TKM and utilization service Personel

1. Establishment of reference dataset of clinical key indicators in Korean medicine

based on health examination
- For the first time in the Traditional medicine field, to establish normal reference data for clinical indicators in Korean medicine,
through medical examinations at 5 oriental hospitals, it is aimed to establish approximately 10.8 million data for 43
questionnaires and 785 types of instrumental measurement variables for 13,000 people over 5 years.

- — -_— -
-~ 4

SS0MEa B2V 4 3

Tt <

3530 goy BN
gy

. o
¥ sepoy iy
' o4 ME 8
"

LI

o2 E&(SoP) >

| ] |
— Institutions 2020 (Completed) | 2021 (Implemented/target)
v (KM hospitals)

"o - s “ Dong-Shin Univ. 600 persons 450/600 persons
= X Gachon Univ. 400 persons 391/600 person
e - y Pusan Nat'l Univ. 400 persons 423/600 persons
e ’v' ;” Dongguk Univ. - 357/700 persons
Daejeon Univ. - 241/500 persons
3 1,400 persons 1,862/3,000 persons
< ?i 7°} 7=4 E oCRF> Status of clinical research implementation by institution (as of Oct.14) L

Q)

orotojol e
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Usability and ripple effect of research results

Establishment of infrastructure for data-based clinical treatment in TKM

Based on standardized, high-quality oriental clinical big data, we aim to
build an infrastructure that can support treatment based on objective data
rather than subjective memory by comparing 'patient data' and 'standard
reference data'

I think your pulse is
weak.

Individual
Doctor
e;‘;:,i Your pulse power is in

S 3 the bottom 10% of the
Korean reference data

distribution

R i
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?‘E Universitit

S Ziirich™ W
Digital Society Initiative

Integrative Health & Al
Strategic Approaches for the Future of Medicine

Claudia M. Witt, MD, MBA

Professor of Medicine

Co-Director Digital Society Initiative

University of Zurich

Director Institute for Complementary and Integrative Medicine
University Hospital Zurich

“I care deeply about life - that’s why I’'m passionate about Health & Al”

fh@: 3 Universitit

> Ziirich™ W
Digital Society Initiative

Al IS DIFFERENT

Al can handle every task that involves human thinking,
no limits, it is impossible to fully oversee.

developing faster than anything we’ve
ever seen in medicine

vast scope: there will be no singular Al
experts,
only collective
community knowledge
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A Universitat :
Ziirich m l'
Digital Society Initiative

N

(
H Supervised Learning:
Artificial Neural Network
AI BaSICS Labelled data
» Direct Feedback
Output prediction

Hidden

L

Unsupervised Learning:
*  No label

* No Feedback

© Clustering

4" .
Reinforcement Learning

« Decision process

« Reward system

@ Interaction with environment )

Statistische Kl

ML Machine Learning
NN Meuronale Netze (Meural Metworks)
DNN Tiefe Meurcnale Netze [Deep Neural Networks)

mpul e hiccbern lyer 1 Firiden fayer 2 oulpn e

Universitat
Ziirich™ lﬂ
Digital Society Initiative 1l

Research Examples & frontiers | fronvers in Prammscology . ’*_".‘_“:*"C.E!E"‘T_-_

32 studies mainly: The Use of Artificial Intelligence in

1) acupuncture treatment, Complementary and Alternative

2) tongue and lip diagnoses Medicine: A Systematic Scoping

3) herbal medicine. Review

other included: music therapy, meditation, pulse ool o o el slad Handiile
diagnosis, and TCM syndromes. I G S o o B St o e e b
Maijority Al models to predicted certain patterns e e
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Digital Transformation of Health Care Integrative Health'
* (Almost) everything could one day be mapped in an + ..a state of well-being in body, mind and spirit that reflects
information system: aspects of the individual, community, and population;
. i affected by: (1) individual biological factors and behaviors,
*  All medical data collected about patients. social values, and public policy, (2) the physical, social, and
«  Also other data that only becomes »health economic environments, and 3) an integrative healthcare
i . system that involves the active participation of the
data» by being related to health issues. individual and the healthcare team in applying a broad
+ The way you analyze this data to arrive at spectrum of preventive and therapeutic approaches.
diagnoses and therapies. + ..encourages individuals, social groups, and communities to
+ »Digital twins" of people for purposes of develop ways of living that promote meaning, resilience and

. . . i wellbeing across the life course.
prevention, diagnosis/early detection, therapy

testing.

"Witt et al Am J of Preventive Medicine 2017

' i [
Digital Society Initiative

Future Scenario (fictive)

Mary Miller's Case: Managing Chronic Low Back Pain
» Persistent low back pain for over 3 months

» Uses health insurance app with chatbot: personalized suggestions

(physiotherapy, psychotherapy, medication)
» Previous relief from acupuncture; asks app's chatbot about incorporating it
into her treatment
» Chatbot response:
Recommends the other treatments based on data e
Can't recommend acupuncture due to insufficient data

=> Acupuncture not covered by insurance

Witt CM, Graca S, Lee YJ, JOURNAL OF INTEGRATIVE AND COMPLEMENTARY MEDICINE 2024
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A % Universitat
i Ziirich™ *"
Digital Society Initiative !

Biases in Al Algorithms

Lack of fair data o Cha_llenges in data
integration

Absence of guidelines —n :“."{11. Inherent biases in
or recommendations .@ . ﬁ research data (e.g.

selection bias)

Limited awareness in the Healthcare Disparities
existence of biases in Al

4 Universitat
> Zirich™ m
Digital Society Initiative :

Al from an Integrative Health Perspective

— Al should augment human well-being rather than diminish it
— Roles of health professionals and patients will change
—  Need for user-centric design (UX Designs) of Al contributions
—  Trustis a core aspect for integration’

— Algorithms can only recommend (predict) what they have learned
— Availability of data (bias)?
— Standards for data (meta-data & interoperability)?
— More data sources increase precision?

1Gille. What Is Public Trust in the Health System? Insights into Health Data Use, Policy Press 2023
2Witt et al. Al and Acupuncture Journal of Integrative and Complementary Medicine 2024
3Muse &Topol Cell Metab 2024
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8% Universitit
= Ziirich™
Digital Society Initiative

"

|
®

ETY run

AECPIIETRE Artificial Intelligence (AI) and Digital Health SIG

ARTIFICIAL INTELLIGENCE |Al)
& DIGITAL HEALTH

Current tasks:
1) Recommendations for the field

2) Core data standards for routine care

If you are a SAR member and you are interested in joining this SIG, contact the SIG Leaders:

Claudia M. Witt; Sandro Graca; Ye-Seul Jennifer Lee.

Witt CM, Graca S, Lee YJ, JOURNAL OF INTEGRATIVE AND COMPLEMENTARY MEDICINE 2024

B Universitat
ey Z0rich™
Digital Society Initiative

Digital Society Initiative (DSI)

University of Zurich's competence center for digital transformation.

Shapes the digital transformation of society and science.

000+
Researchers

f i k&
1 rformatics iz
Communities
L] 350 |
s Evénts
Educational
Offarings
L]

www.dsi.uzh.ch
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Responsible Integration
of Al in Medicine
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% Universitit

# Ziirich™ Al in Medicine — Participatory Process i
Digital Society Initiative i
Citizens \
Health Professionals Swiss Population
Experts Media Experts

Focus
groups &
Talks

Szenario based Optimized Recommendations 2/3 want a |
case studies case studies for Digital Twins Digital Twin ¢
- Prevention (Cancer) ‘ from different ¥
Diagnosis Digital Twin perspectives

Treatment (Cancer) as far future

-~ Resource Allocation scenario

Al in hospitals

4%, Universitat
 Ziirich™ m
Digital Society Initiative I

«Digital Twin»
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¢ Ziirich™

Universitat

Digital Society Initiative

"

Scoping Reviews on Digital Twins Applications

Table 1| Various types of DTs in healthcare

Physical Entity Entity M Endpoint

Lung Lexma™ Runs simulations of blood and exygen flow Predict ventilation requirements

Heart Dassault™, Medtranic, Simulates the structurs and physialogic function  Customization and optimization of cardiac devices

Baoston Scientific, FDA; aof the heart

Heart Siemens Healthineers™ Simulates the structura end physiclegic function  Cardiac resynchronization
of the heart

Heart Heart Mavigator™ simulated TAVR implantations with different aor-  Surgical planning
tic prosthesis

Spine Anmadian et al, Pradict Vertebral Fracture after Sterectactic Body  Optimal radiation plan to minimize treatment side
Radiotherapy effects

Alzheimer's disease Unlearnai' Pradicting the individual outcoma in neurclogical DT of controls of clinical frial and ultimately clinical
diseases interventions

Breast lesions VICTRE trial*! Image based virtual patients comparing digital Datermine which imaging tool i better at detecting
mammography to tomesynthesis breast lesions

Oropharyngeal cancer  Tardini et al.”' Optimal treatment selection Datermine optimal treatmaent plan for cropharyngeal

cancer

Type 2 Diabetes

Cleveland Clinic Twin Haalth
NCTOS181449%

Dizsease reversal in type 2 disbetes

Randomized control trial examining twin precision
freatment vs. standard of care

Mental health

MindBank AI®, IBM™, Babylon®,

DigiTwin™*

Wellness

Katsoulakis et al npj digital medicine 2024

University of
Zurich™

Digital Society Initiative

"

Position paper

Artificial Intelligence in Medicine -

12 Recommendations from 4 perspectives

for a more meaningful digital transformation

Objectives and Recommendations for
the Responsible Use of Digital Twins

Editorial team:

Nikola Billar-Andorno, Markus Christen, Michael Krauthammer, Claudia Witt

Introduction

In the mext few years, the use of artificial intelligence
{AT} in medicine will influence the passibilities in pre-
vention, diagnosis and thetapy as well as the associated
processes and responsibilities in healthcare to a large

U S RS ST, T T TN MR Ut S

This pasifian paper was produced in a systematic and par-
ticipatory process as part of the Digital Society initiative's
“Strategy Lab Artificial Intefligence in Medicine”, The pro-
cess extended from early 2022 to mid-2023 and Induded,
among other things, a survey of medical subject matter ex-

OVER THE HORIZONS : TRADITIONAL MEDICINE AS FUTURE MEDICINE

People/ patients
Health professionals
Manufacturers/ providers

Regulators/ payors
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5 Universitit
s Ziirich™
Digital Society Initiative

Choice of and Access to Health Care

» People decide on the generation, data sources, design, type
of use, and lifetime of their personal digital twin services.

» People are empowered through measures in education to
understand personal digital twins in the best possible way
and to be able to use them in accordance with their values

and interests.

» Healthcare continues to enable care for individuals
who do not want to use digital twin services.

ZEES Universitat
-rw T 2 Zl'.iI"TCh"" *"a'
Digital Society Initiative
. . . :iﬁ::g,‘,’,g:ﬂ"“
Collaboration & Communication ot oy
Integrative Health Human-Al-Teams s _
Artificial Intelligence in Medicine -

Objectives and Recommendations for
the Responsible Use of Digital Twins

Digital Twin?

< \R
&:« A "l'l
E E - 1 :

» Digital twins are integrated into interprofessional treatment
teams, where the necessary competencies are available, and
responsibilities are clarified.
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What do we know about Human — Al Teams from Economics Research
Replacement (Al only) vs. Augmentation (Al Assistance)

COMBINING HUMAN EXPERTISE WITH ARTIFICIAL INTELLIGENCE:

EXPERIMENTAL EVIDENCE FROV RADIOLOGY Demir et al.
e *  Worse coordination in Human-Al teams compared to
et Human-only teams
i s 31122 » Less proactive communication (anticipation)
ATIONAL BUREAL OF ECONOMIC RESEARCH » Generally less communication in teams with Al

1050 Massachusetts Avenue

e, M.
July 2023, Revised March 2024

Dell’Acqua et al.
Abstract Working with Al...

Full automation using Artifical Intelligence (AI) prodictions may not be optimal i *  More coordination errors
humans can access contextual information, We study human-Al collaboration using an o \\Orse performance
information experiment with professional radiologists, Results show that providing (i) Less effort
Al predictions does not always improve performance, whereas (i) contextual informa-
tion does. Radiologists do not reslize the gains from Al assistance because of errors in
belief npdating — they underweight AT predictions and treat their own information and
Al predictions as statistically independ Unless these kes can be corrected, the
optimal human-Al collak ion design del cases either to humans or to Al but
rarely to Al assisted humans.

Dell’Acqua et al. (2023). Super Mario Meets Al: Experir | Effects of A ion and Skills on Team Performance and Coordination. Review of Economics and Statistics.
Demir et al. (2017). Team coordination dynamics in human-autonomy teaming. Proceedings of the Human Factors and Ergonomics Society Annual Meeting

Suppose there were already digital twins: Would you yourself welcome the existence of a digital twin so that your
health could be maintained and any ililnesses could be better treated?

All [ Female Male
8% i

Almost two-thirds of a
Swiss people would 68%
welcome a digital
twin:
Older people more
often than younger 3 ChatGPT user yes ChatGPT user no
people 4% 6
Men more often 61
than women *
ChatGPT users bhe

more often than
non-chatGPT users

T

UZH DSI — Representative Population Survey in Switzerland 2023
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5 Universitit

<2 Ziirich™ m‘g
Digital Society Initiative ;

Digital Health Affinity

High or low preference for healthcare provided by integrative health (IH) professionals

% or High IH preference Low IH preference
(mean * SD) (n=154) (n= 461)

Female 62 42

Digital literacy 18.67 + 5.35 20.85 + 5.46

Digital twin (DT) yes* 54 60

DT healthy lifestyle* 2.55 = 1.01 2.59 = 1.00

DT replacement doctor* 2.04 = 0.92 1.87 + 0.92 AT

4-point Likert scale from 1: unimportant” to “4: very important

UZH DSI - Representative Population Survey in Switzerland 2023

4 Universitat
5 Zirich™ m
Digital Society Initiative I

«Role of Digital Twins»

They could support: + integrative health perspective:

* Medical diagnosis « Traditional medicine diagnoses

* Prognosis of a disease » Life-style aspects (e.g. meditation, yoga)
» Therapy of a disease » Traditional therapies

* Prevention of diseases » Strong field for integrative health

Need for additional concepts and frameworks
how to add this to “conventional digital twins”
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Important Next Steps

Increasing the availability of integrative health routine care data
» from different sources that can be integrated (core standards)

Everyone needs more digital skills: to improve quality and
efficiency in healthcare

» Learning from other disciplines/ fields of research

Concepts that support a future medicine that includes
Traditional Medicine

AP Universitat
e Z0rich™ ma'

Digital Society Initiative

We need a future where healthcare is not only
centered around human needs and values but also
fosters a meaningful, symbiotic relationship
between humans and Al. Therefore, we must
contribute to a healthcare ecosystem that leverages
technology to enhance well-being, without losing

the essence of what makes us human.

71
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