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From digital phenotypes to digital fwins

uw
One raised by his father, one by his mother.
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DEFINING SMART HOSPITALS

DIGITAL # SMART

"Smart hospitals are those that optimize, redesign or build new clinical processes,
management systems, and potentially even infrastructure enabled by underlying digitized

networking infrastructure of interconnected assets to provide a valuable service or insight which
was not possible or available earlier to achieve better patient care, experience, and operational efficiency.”

E’J ‘F,m'.;;
Jr El'j ?un%i

Frost & Sullivan Defines Smart Hospitals as:
DIGITIZED, NETWORKING
INFRASTRUCTURE OF
CLINICAL } INTERCONNECTED ASSETS

SMART PROCESSES

ACHIEVE
HOSPITALS... e

For providing a valuable PATIENT CARE,
service or insight, not EXPERIENCE,
‘ possible or available earlier AND
THE ‘SMART COMPONENT’ OPERATIONAL
EFFICIENCY

MANAGEMENT }

SYSTEMS

Optimize /
Redesign /
Build New

INFRASTRUCTURE }
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FROST & SULLIVAN

2019 Key 8 Predictions for Global Healthcare Industry

Value-based Care
Progresses as Outcomes
Focus Globalizes

Vi

0@0

©

Healthcare Data Analytics
shifts from Big Data to
Meaningful Small Data by
Hospital Specialty

2020/9/30

Al explodes across the
Healthcare & Life Sciences
post Flagship Use Cases
yield Positive Results

Healthcare will be a
Dominant Vertical in
Voice Applications

= -~®
Digital Health will come
of Age with an Increased
Focus on Individual Care

Blockchain moves from |

Hype to Reality with
further Commercial
Implementations

Asia become the New
Local Innovation focus
for Global Drug and
Device OEMs

Innovative Private
Insurance Models Shake
up Healthcare Payer
Industry




Top 8 Predictions That Will Disrupt Healthcare in 2020

Social determinants of health
(SDOH) analytics platform gains
traction during 2020

Interoperability by pure-play
solution vendors will gain ground
against standalone systems

2020/9/30

Al develops more use cases and
faces more ethical challenges,
beginning with radiology

Telehealth will gain mainstream
adoption in overall mix of
healthcare services

'__;v"

Annuity-based model to
catapult gene therapy
commercialization

Precision medicine-led
approaches will pave the way
for next-gen health data
analytics solutions

Continued VC funding mega-
rounds make 2020 a banner

year for digital health unicorns’
IPO exits

@(‘liﬂ(;—ud

2020 will be a year of
‘Retailization’ for healthcare
industry, promoting comparison
shopping consumer mindset
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Discover

Define

Develop

Deliver
Declare

Devote




DECLARE DEVOTE

What value? What requires 7

BEX®

DEVELOP

What wows ?

DELIVER
What works ?

DISCOVER DEFINE
What needs ? What if 7
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Predictive medicine

Preventative medicine

Personalized medicine

\

P6
—
\_ Precision medicine
\_ Participatory medicine
\_ Population medicine
V 4
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Volume

Velocity

V6

Veracity

V6

Visualization

é
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Thin Slicing EMR

X7, 857, TR, &
iz, IR¥S, &R

DICOM, FHIR, IHE,
Service, Outcomes

Why Precision Medicine s MBI RETF S 56
D
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Tele-reporting Ko \%.: ll.th $I§ ﬁ||::

Tele-consultation 2%.: EEE

N

Tele-management ;E EE }:E %

Telemedicine
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Robot-assisted tele-health and
tele-medicine
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The Essence of F.H.I.R. and

A little bit of S.M.A.R.T. and more
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SMART Apps
Clinical Genomic
Server/API Server/API
Medical Informatics Bio Informatics
Clinical Cata

[ FHIR+mCODE \
[ EHR Sequencing ]
System | I R ’ Lab




Substitutable Medical
Applications and Reusable
Technologies

i_
M. IR <« 33

Fast Healthcare
Inferoperability Resources
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r SMART on FHIR |
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S.M.A.R.T. on F.H.IR.

* A Standard-based,
Interoperable Apps

Platform to Secure
EHR Records

to be written once and run on a repeatable
basis across different healthcare IT

systems
31
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Data Scientists for
Precision Medicine
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Sight technology REFFHX
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@® Database administrator

® BHERE RENER
RENNAZEER, —REILL

() Data architect

@ Data visualizer

O BERIZEm @ Data engineer ki, BB, B
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@ Data ecologist
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intelligence intelligence




Y 4

”

=l IV
Capacity And Production: (Al)3
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»>Augmented Intelligence(#E A& &E

> Assistive Intelligence

> Ambient Intelligence( IRIZEEEE)

»Autonomous Intelligence
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https://www.deeprgb.com/login
http://192.168.229.120:8888/
http://140.110.24.81/viewer/

{C >IN U.S. FOOD‘ ' A
ADMINISTRATI

Deep01 Limited

% Mr. William Lai

Medical Regulatory Affairs Specialist

Rm. 5, 11F., No.162, Sec. 4, Roosevelt Rd.
Taipei City, Taiwan 10091

TAIWAN

July 10, 2019

Re: K182875
Trade/Device Name: DeepCT

Regulation Number: 21 CFR 892.2080

Regulation Name: Radiological computer aided triage and notification software
Regulatory Class: Class II

Product Code: QAS
Dated: June 7, 2019
Received: June 7, 2019

Device Classification Name Radiological Computer-Assisted Triage And Notification Software
510(K) Number K182875
Device Name DeepCT

Applicant Deep01 Limited
Rm. 5, 11F., No.162, Sec. 4, Roosevelt Rd.
Taipei City, TW 10091

Applicant Contact William Lai

Correspondent Deep01 Limited
Rm. 5, 11F., No.162, Sec. 4, Roosevelt Rd.
Taipei City, TW 10091

Correspondent Contact William Lai
Regulation Number 892.2080
Classification Product Code QAS

Date Received 10/12/2018
Decision Date 07/10/2019
Decision Substantially Equivalent (SESE)
Regulation Medical Specialty Radiology
510k Review Panel Radiology
Summary Summary
Type Traditional
Reviewed By Third Pa No
CombinatichHOAILS0
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510(k) Premarket Notification

© FDA Home © Medical Devices ©® Databases

1 to 6 of 6 Results
ProductCode: QAS Decision Date To:

FHRSFAXAT

£ QAS HIEERR

Results per Page

07/17/2019

New Search e, 0ort to Excel | Download Files | More About 510(k)

Device Name A  Applicant A | 510(K) A | Decision 4
v ¥ | Number Y| Date Y

Deepct Deep01 Limited K182875 07/10/2019

Healthich Zebra Medical Vision Ltd. K190424 06/13/2019

Briefcase Aidoc Medical, Ltd. K1908 05/31/2019

Briefcase Aidoc Medical, Ltd. K1 72 04/15/2019

Accipiolx MaxQ-Al Ltd. K182177 10/26/2018

Briefcase Aidoc Medical, Ltd. K180647 08/01/2018

I
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Annotation Tool - v0.3.1_2019-08-02
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Our vision for healthcare delivery: infusing Al into the physical
\ space to assist every mtended step in execution of care

Yeung,Downing. Fei-Fei, Milstein. New England Journal of Medicine (NEJM), 2018.
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CV Timestamp
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CV Timestamp

Anesthesia begin Time Out Time Out

00:01:02 00:07:41 (Video 00:06:08(Video 2)
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nature
biotechnology

Commentary | Published: 12 May 2015 %Q ? %‘% :I;Fg ZEE o F% % % *S E/\j
The digital phenotype MESRE - Jukka-Pekka
OnnelafE 2015 FHEHTE

Sachin H Jain &, Brian W Powers, Jared B Hawkins & John S Brownstein

< N
== =
Nature Biotechnology 33, 462-463(2015) | Cite this article FX I 1§' - ﬂil A Eﬁz —AX 1%

1532 Accesses | 90 Citations | 148 Altmetric | Metrics ( jt/:\/_\EE%jﬁE E-E 1%% ) H E/\j
R RIUEE A KFRY

In the coming years, patient phenotypes captured to enhance health A iﬁ\ % 9__:@ ;E z/fi' ;Z — % 'f N
and wellness will extend to human interactions with digital

technology.

Moment to moment, in situ, personal digital devices, human ¢

”
, 2020




JAMA Network

/ — JAMA® Search All v  Enter Search Term

@ m Views 20,012 ' Citations 115 = Altmetric 290

@ Viewpoint
>4 October 3, 2017
"= Digital Phenotyping
Technology for a New Science of Behavior

Thomas R. Insel, MD'

> Author Affiliations | Article Information
JAMA. 2017;318(13):1215-1216. doi:10.1001/jama.2017.11295
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Computation
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Phone Keyboard Voice and
Sensors interaction speech analysis

Activity Reaction time Prosody
Location Attention Sentiment
Sociality Memory Coherence

| |
Collecting |

Digital phenotype
DO TO Behavior .
Unconsciously Cognition Actively
Mood

Participation

l

Measurement-based patient care
Diagnosis
Monitoring for remission and relapse
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Actionable digital phenotyping: a framework for the delivery of
just-in-time and longitudinal interventions in clinical healthcare

Aditya Vaidyam', John Halamka’, John Torous' }I'(%E ?EE % % |i:|Z : % E? % % g

'Department of Psychiatry, ‘Department of Emergency Medicine, Beth Israel Deaconess Medical Center, Harvard Medical School, Boston,
MA, USA
Correspondence to: John Torous, MD. 330 Brookline Ave, Boston, MA 02115, USA. Email: jtorous@bidme.harvard.edu.

Abstract: Designed to improve health, today numerous wearables and smartphone apps are used by
millions across the world. Yet the wealth of data generated from the many sensors on these wearables and
smartwatches has not yet transformed routine clinical care. One central reason for this gap between data
and clinical insights is the lack of transparency and standards around data generated from mobile device that
hinders interoperability and reproducibility. The clinical informatics community has offered solutions via

Mﬂ HL7 FHIR the Fast Healthcare Interoperability Resources (FHIR) standard which facilities electronic health record
interoperability but is less developed towards precision temporal contextually-tagged sensor measurements
generated from today’s ubiquitous mobile devices. In this paper we explore the opportunities and challenges
of various theoretical approaches towards FHIR compatible digital phenotyping, and offer a concrete
example implementing one such framework as an Application Programming Interface (API) for the open-
source mindLAMP platform. We aim to build a community with contributions from statisticians, clinicians,
patients, family members, researchers, designers, engineers, and more.

2020/9/30 57
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Figure 2. kHealth System.
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Clinical & Phenotypic Data Capture vision
statement

Read the 5-year vision statement of the Clinical & Phenotypic Data
Capture work stream or read the full GA4GH Connect Strategic Plan.
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