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Healthcare Al & Big Data

: In the perspective of Data
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Data: Origin

QOut-of-Core Visualization.

SUNGKYUN KWAN
UNIVERSITY

The Problem of Big

The term "big data” was used for the first time in an 1 997 ' I
article by NASA researchers Michael Cox and David "
Ellsworth. The pair claimed that the rise of data was

becoming an issue for current computer systems.

I'his was also known as the "problem of big data”.

Source: Application-Controlled Demand Paging for

1 Introduction

Visualization provides an interesting challenge for computer

systems: data sets are generally quite large. taxing the capacities of
main memory, local disk, and even remote disk. We call this the

problem of big data. When data sets do not fit in main memory (in

core), or when they do not fit even on local disk, the most common
solution is to acquire more resources. This write-a-check algorithm

http://www.winshuttle com/big-data-timeline/
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Variety

* Structurod
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Application Delivery Strategies
META Group

Date: 6 February 2001 File: 949

Author: Doug Lancy

3D Data Management: Controlling Data Volume, Velocity, and Variety. Current business conditions and
mediums are pushing traditional dara management principles to their limits, giving nise to novel, more

tormalized appri vaches.

META Trend: During 2001/02, leading enterprises will increasingly use a centralized data warehouse to define
a common business vocabulary that improves internal and external collaboration. Through 2003/04, data
quality and integration woes will be tempered by data profiling technologies (for generating metadata,
consolidated schemas, and integration logic) and information logistics agents. By 2005/06, data, document,
and knowledge management will coalesce, driven by schema-agnostic indexing strategies and portal maturity.
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42 Vs of Big Data
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Definition in ISO

* Extensive datasets — primarily in the data
characteristics of volume, variety, velocity,
and/or variability — that require a scalable
technology for efficient storage, manipulation,
management, and analysis

— Note 1 to entry: Big data is commonly used in many
different ways, for example as the name of the
scalable technology used to handle big data
extensive datasets.

ISO/IEC 20546:2019 Information technology —— Big data —— Overview and vocabulary
https://www.iso.org/standard/68305.html
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View point 1: Extension of existing data
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Extension of existing data

 Multi—center research
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MORE DATAI

BIG

[ Clinical Data
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MORE DATA!

BIG

Clinical Data
from multiple hospitals
or other related data
~ (Nation—-wide claim data)

Causation
Analysis
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‘I' (Nation—-wide claim data
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View point 2: Emerging data
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Digital Biomarker?! (oy Rock Health)

ROCK
HEAL+H

Digital biomarkers are consumer-generated physiological and behavioral measures collected through connected digital tools
that can be used to explain, influence and/or predict health-related outcomes. This excludes patient-reported measures (e.g.,

survey data), genetic information, and data collected through traditional medical devices and equipment.

TYPE OF DATA/MEASUREMENT COLLECTION METHOD BIOMARKER

Imaging Connected digital tools Wellness

Maolecular Medical device & squipment Disease
Obsarvational Drug

Physiological

Behavioral Molecular Assays

http://rockhealth.com/reports/the-emerging-influence-of-digital-biomarkers—on-healthcare/
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npj | Digital Medicine

PERSPECTIVE OFEN

—

Developing and adopting safe and effective digital biomarkers

to improve patient outcomes
Andrea Cormwos (37, Sean Khorin® and Kenneth 0 Mandi™'

Modularity of software and sensor products to detect atrial
fibrillation through connected technologies

. Software built and maintained by listed manufacturer

. Software built and maintained by third party

Operating Systemn
(OS)

Sensor Data
Collection (“Raw"
Data)

Algorithm Signal
Data Processing

Algorithm to Inform,
Diagnose, and/or
Intervene/Treat

User Interface &
User Experience

AllveCor

AliveCor KardiaBand for Apple Walch

—— R e TN
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The Importance of
Social Determinants of Health Data

. LexisMexis:

xll

OH
Conditions in the environments
in which people are born, live,
learn, work, play, worship, and
age that affect a wide range of
health, functioning, and quality-
of-life outcomes and risks

Social and
Community
Context




SDOH to behavior change

( SUNGK
UNIVER

Current Behavior Desired
Behavior Change Behavior
Intervention

Measuring Intervention Effectiveness

Low Interaction & Decreased Intervention - When a user has low interaction
with the digital health solution, they receive decreased exposure to the
intervention, there is reduced likelihood that the outcome will be achieved.

High Interaction & Ineffective Intervention - When a user has a high level of
interaction with the digital solution but the intervention compaonents are
ineffective, there are diminished outcomes.

High Interaction & Effective Intervention - When a user has the right level of
interaction with the digital solution and the intervention components are
effective, there are increased and improved outcomes.

AMSUME MEDICAL CENTER
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SDOH to EHR

|OM Recommendation

Measure

Alcohol Use**

Race & Ethnicity

Residential Address
Tobacco Use & Exposure
Census tract-median income
Depression**

Educational Attainment**
Financial Resource Strain®*
Intimate Partner Violence®*
Physical Activity**

Social Connections & Isolation®*

# of questions

3 questions
2 questions
1 question

2 questions
1 question

2 questions
2 questions
1 question

4 questions
2 questions
4 questions

1 question

. . Stress**
SUNGKYUN KW
UNIVERSITY **ONC Interoperability Standards Advisory identified these SD0H data elements
Lt W .

IOM Recommended Measures for EHRs!®

Frequency

Screening & Follow Up
At Entry

Verify Every Visit
Screening & Follow Up
Update on Address Change |
At Entry

Screening & Follow Up
Screening & Follow Up
Screening & Follow Up
Screening & Follow Up
Screening & Follow Up

Screening & Follow Up

Currently
colfected
in clinfeal
settings

Recommended
Additions

- 338 -
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Healthcare Big Data?
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What is Big Data?

Data Science Home / What is Big Data?

Biomedical Big Data is more than just very large data or a large number of data sources. Big Data refers to the

complexity, challenges, and new opportunities presented by the combined analysis of data. In biomedical
research, these data sources include the diverse, complex, disorganized, massive, and multimodal data being

generated by researchers, hospitals, and mobile devices around the world.

Biomedical Big Data is diverse and complex. It includes imaging, phenotypic, molecular, exposure, health,

behavioral, and many other types of data. These data could be used to discover new drugs or to determine the

genetic and environmental causes of human disease.

Biomedical Big Data faces many challenges. The unwieldy amount of information, lack of organization and
access to data and tools, and insufficient training in data science methods make it difficult for Big Data's full

power to be harnessed.

Biomedical Big Data provides spectacular opportunities. Big Data methods allow researchers to maximize the
potential of existing data and enable new directions for research. Biomedical Big Data can increase accuracy and

supports the development of precision methods for healthcare.
: v/bd? W
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Figure. The Tapestry of Potentially High-Value Information Sources That May be Linked to an Individual for Use in Health Care
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CPT indicates current procedural terminology; ECG, electrocardiography; EPA, Obsarvation Identifiers Names and Codes; NDC, Mational Drug Code; OTC,

L5 Environmental Protection Agency; GIS, geographic information systems; over-the-counter; SNOMED, Systematized Nomenclature of Medicine; SNP, '
GPS, global positioning system; HL7, Health Level 7 coding standard; /CD-9, single-nucleotide polymorphism.
Institutional Classification of Diseases, Ninth Revision; LOINC, Logical A
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* Victor Dzau, M.D., president of
the Institute of Medicine.

— when people discuss the concept of
big data and healthcare “they don’t
know what they're talking about.”

— argues that big data is “really about
everything around the individual’
Including social interactions and
activities, and not just electronic
health records.

— not the collection of this vast
amount of data
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Unified View
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Determinants of Health

FGURE |
What Determines enik
- Consu ; :
Your Health? Behaviors TOBACCO DIETS  ALCOWOL SLEEP  SOCIAL
Combming rln:-rrsumer USE EXERCISE usé HAREES EEMSEE‘ .
hehavioral date with
S0l cata creates 30ﬁ'n
a more holistic vew Genomics
of wha! drives a
population’s health— o
22, @0 00O
e 20 L &
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gelerminants ol Factors STAFLIS SOCIAL
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Health Care

Adopted from: Schvoeoey, Seven “We Con Do Better — imgvowmg Mie Meald of dre dmeoon Peopde " N Engy' J Meg JOO7, 3871008 (228 DOD 10 10560 Mol TS50

https://twitter.com/healthythinker/status/1095319553968623616
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A quick guide to population NHS

health management
How can it help you?

Dur health and care needs are
changing: we are living longer
with more multiple long-

term conditions Ilke asthma,
diabates and heartl diseasa

Mhach af this i down to lifestyle
factors and where we liwe rather
thae the health snd cang servioes
trealing us

Population hoalth manasgement
helps b underitand snd peedict
future heatth and care needs so
that we can better targed support
make hetler use of resources and
reduce hoalth mequalities

Which factors impact your health?

Owur enwircmment

5% hausing

quality and
o Bl
ST ML

O behaviours

40% esiing

diet, alcobal ue,
poot saual health

Healthcare

10% being

abie to acesy
oo quality cars

Genelics

30% your g

Socal and o B 1y Ul OF
BOONOMSL [ i oLl i of
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r i madal

Condit

15%
sduration
e ' ] o BMph T 1
o F - nployment,
o, family !
sexclal suppaort
' \ Oy,
wartaty
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What is population health management?
The NHS and ity public sector partnens use expert
analyss of data on facton like health, housing
emplayment and where people live as well a3
current madicationd

They can find nmw irslghis abodrt spacific groups
of people and whether thery are being seen by
the right profesionals

Expert medicy dinicans and pubile heahth
professhonals acsess the data and can (allor care
belter to those patienis

Pait public health sesearch shows this personal
care improwes physical and mental health and
reduies health megualities

Why does it matter and who is involved?
To solve wider issues impacting people’s health,
expedt insghts take a mone complete snapshot
of & person’s needs and ervircnment

Al our public wervices are invohd = the NHS
= the pubilic * schaools » fire service = counclis
= wpluntary wactor * housing assodiations

= social services « police

SUNG KYUN K\
UNIVERSITY

WAt wwear anglansd. nhe ulk

Populition haalth management R 3 key bulldng block ir 1he devel

Iripaict of soclal e
BFving AT Tl
i Lol The WHA corts & Further

AN £4.8

billion billion

A flavour of what's
been achieved so far

[ Lancashire and South Cumbria
they used data on househalds
with assisted bin collections
v fined Trafl patsentd in need
of more peoactive penonalaed
care to keep them lving well at
s

® | Leeds anadysls pinpointed
BO patients with frality af risk
of further problems - they
now gt better personalised
care to stay well, acties and
Independent

-l od

pemenit of Imlegraled care e

p S Sdatad reirilnees
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Shilo, 5., Ressman, H. & Segal, E. Axes of a revolution: challenges

and pmmmes of big data in healthcare. Nar Med26, 29-38 (2020).
ﬂ@*“ B
.

. Number of participants (N)

s

Linkage (L) Depth of phenotyping (D)

I3k

O
Standardization (S) Longitudinal follow-up (F)

Heterogeneity (H) Interactions (|)
i @@
’k 1 * A

Fig. 1| The different axes of health data. The complexity of large health
datasets can be represented by distinct axes, each encompassing a w
quantifiable property of the data.
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Mega-biobanks
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Mega Projects
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Shilg, 5., Rossman, H. & Segal, E. Axes of a revolution: challenges
and promises of big data in healthcare. Mat Med'26, 29-38 (2020).
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hitps://vwsw. nature.com/adicles/s41591-019-0727-5
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“ 1 The
G Precision
Medicine

THE FUTURE OF HEALTH BEGINS WITH YOU Intthiative

m) National Institutes of Health
All of Us Research Program

https://allofus.nih.gov [seon B

About Get Involved Funding and Program Partners

Pratecting Data and Privacy Mews and Events

The future of
health begins
with you.

The All of Us Research Program is inviting one
million people across the LS. to help build one of
the most diverse health databases in history. We
welcome participants from all backgrounds.
Researchers will use the data to learn how our
biclogy, lifestyle, and environment affect health.
This could help them develop better treatments
and ways to prevent different diseases.

JOIN NOW [
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US PMI Sub Projects

A“ US _ https://allofus.nih.gov

RESEARCH PROGRAM

SYINGFOR
SCIENCE

ncfor.scien

pl’eCiSionFDA;? https://precision.fda.gov/

&
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All of Us

The All of Us Research Program

The cornerstone of PMI - led by the NIH
1,000,000+ volunteers reflecting the broad diversity of the U.S.
Opportunities for volunteers to provide data on an ongoing basis

Data shared freely and rapidly to inform many research studies

All-/Us

RESEARCH PROGRAM

SUNGEYUN KWAN SAI Hs Samsung Advanced Institute for W
T 1% 7E B FIv ' Health Sciences & Technology, SKKU
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SAMSUNG MEDICAL CENTER
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The All of Us Research Program

All of Us will engage a group of 1 million or more U.S. research participants:

A

Lay the scientific
foundation

Identify new Develop the

ways to treat right drug for

and prevent the right person
disease at the right dose

Test whether
mobile devices

can encourdge
healthy behaviors

https://www.nih.gov/allofus-research-program
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All of Us

Communications and
Engagement

Biobank

Health Care Provider
Organizations

Participant Center
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Tke NEW ENGLAND JOURNAL of MEDICINE

i : J6ull/10.1056/NE 30993

SPECIAL REPORT

The “All of Us” Research Program

Data Source

Current sources

Health surveys

Physical measurements

Biospecimenss

Electranic health records

Digital health information

Future sources

Health surveys
Bicassays
Health care claims data

Geospatial and environmental
data

Other sources

Table 1. Data Available to Researchers from the All of Us Cohort.™

Details

Initial surveys include information on scciodemographic characteristics, overall health,
lifestyle, and substance use, with subsequent modules covering persanal and family
medical history and access to hezlth care,

Per-protocol measurements include blood pressure, heart rate, waight, height, body-
mass index, and hip and waist circumferences,

Blood and urine samples are tested for DNA, RNA, cell-free DNA, serum, and plasma.
If bloed specimens cannot be obtained, saliva specimens are obtained

Initial capture of structured data includes billing codes, medication history, laboratory
results, vital signs, and encounter records from health care provider organizations.
Records will be expanded to include narrative documents. Pilat studies are testing
data collection through Sync for Science and other health data aggregators.

[ata can be captured from compatible participant-owned devices such as Fitbit. Pilot
studies of other devices and linkage to health apps are being explored.

Additional medules, including surveys regarding social behavioral determinants of health,
are under development

Pilat studies for genotyping and whole-genome sequencing are expected to begin by early
2020, Additional pilot studies of bicassays are planned.

Systemns for the use of claims data, including billing codes and medication data, are under
development.

These data include geospatial linkage to measures such as weather, air quality, pollutant
levels, and census data. Assays and sensor-based measurements of exposure are under
consideration.

Voluntary contributions of data from social networks {e.g.. Twitter feeds) and additional
biospecimen collections are under consideration

= Additional information is available at https:/ fwww.researchallofus.orgjdata.
T Types of biospecimens are listed in Table 53 in the Supplementary Appendix

SAMSUMG MEDICAL CENTER
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Figure 1. Participant, Data, and Bicspecimen Pathways in the All of Us Program.

Genome centers in the All of Us program generate genomic data from biosamples. The researcher workbench is the platform for data
analysis in the program. EHR denotes electronic health recard, HIPAA Health Insurance Portability and Accountability Act, and HPO

health care provider crganization.

T
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€ HPOs
® QTC Medical Services—Leidos
® Quest Diagnostics

i @ EMSI Health
1 % @ Walgreens clinics
T @ National Blood Collaborative
‘EK/"J g, I ./d“

Figure 2. Planned Recruitment Sites and Network Partners in the All of Us Program.

Although most recruitment in the All of Us program is digital, in-person visits are required for physical measurements
and collection of biospecimens. Currently, more than 340 recruitment sites have begun enrolling participants for these
in-person assessments at HPOs and at the centers shown (QTC Medical Services—Leidos, Quest Diagnostics, EMSI
Health, Walgreens clinics, and the National Blood Collaborative. The gray background of the map indicates popula-
tion density, with one dot per person in the 2010 census."
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August 1, 2016 -
5000 participants in pilot study Core participants count
enrolled for content testing
January 20, 2015
PMI announced in State January 31, 2017
of the Union address Aol Research Program Launch of researcher
engagement partners awarded
March 1, 2016 e portal
PMI IRB formed July 1,2017 May 6, 2018 -
Community Mational launch; 27,829 Genomics pilot
partners awarded core participants study
Initial engagement :
and piloting Beta testing
2015 2016 2017 2018 2019
September 17, 2015 May 31, 2017 50,000 100,000
MNIH ACD report First participant May 6, 2019
enrolled EHR Data browser launch
transmission
December 13, 2016 5000 begins
21st Century Cures Act 10,000
July 6, 2016 £
uly o,
Aoll Research 30,000

Program kickoff initial research partners awarded

Figure 3. Timeline of the All of Us Program.

The Precision Medicine Initiative (PMI) Working Group of the Advisory Committee (ACD) to the National Institutes of Health (NIH)
Director generated the initial blueprint for the structure and goals for the All of Us (AoU) program.” The core participants count includes
persons who have completed health surveys, agreed to share their EHR data, had physical measurements taken, and contributed bio-
specimens. Counts and dates after July 2019 are estimates. IRB denotes institutional review board.
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Table 2. Scientific Goals of the All of Us Program and Expected Timelines.*

Goal Years
End of 2018 End of 2019 2020-2022 2023-2027 After 2027
(N=94,000) (N=>200,000) (N=<650,0000 (N=>1million) (N=>1million)
Return data to participants . + bt bt St
Establish demonstration projectsy + e+ - +
Discover genetic and environmental correlates ++ i+ A+
with disease
Improve predictions of therapeutic safety b +h4 ++
and efficacy
Discover disease biomarkers ++ -+ P
Connect mobile health, digital health, and ++ ot +++
sensor data with clinical outcomes
Develop new disease classifications + o+ -+
Support clinical trials + e bt
Enable machine-learning applications ++ +4++ -+
Improve understanding of health disparities 4 +44 4+
Develop and test new therapeutic agents ++

* The expected number of participants in the cohort is shown for each time period. The number of plus signs in each cell indicates the antici-
pated relative degree to which each goal may be accomplished during the estimated timeline for focused research.

 Demonstration projects are scientific studies implemented by the All of Us program to show the quality, usefulness, validity, and diversity of
the All of Us research data set and platform. In these projects, the population and data are further characterized, and the data are evaluated
with a view to determining whether known associations can be replicated.
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Learn about the program at AbofUls nibugos

Faa Q

ABOUT DATA TOOLS

m Research Hub | ) _ll.'..|-<r..:".-_1.-_.||l.:- :_-, f Healthe

Home » Data » Data Browser

Data Browser

The Data Browser provides interactive views of the publicly available Al of Us Research Program participant data.

Currently. participant provided information, including surveys and physical measurements taken at the time of

participant enrollment, as well as electronic health record data are available. The All of Us Research Program data
will include more data types over time.

In order to protect participant privacy, the data is limited to aggregate counts and summary demographic
Participants at a Glance

information. For more information, please visit our FAQ page,
Enroliment Numbers
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325,000+

' Participants.

https://databrowser.researchallofus.org/
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EU Healthcare Big Data Roadmap

|

Regulatory acceptability

/ In vitro

diagnostics

evices

Data Linkage

Data Standardisation

Data Shari
Access

Big Data

Skills and Knowledge
Communication and Engagement

Data Quality

|

Figure 1: The Road to Regulatory acceptability: an integrated strategy reflecting core recommendations to support the use of Big Data in the assessment
and monitoring of medicinal products in Europe. The individual steps are not necessarily sequential, may not be required across all datasets, many
are interdependent and all will require active and iterative communication between all stakeholders.

6-1 HMA (Heads of Medicines Agencies)-EMA (European Medicines Agency)Joint Big Data Taskforce
summary report, 2019. 02, https://www.hma.eu/506.htm[?&l =0

e
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Genomics =-
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About Us Understanding Genomics Information for Participants Research Industry Partnerships
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FRONTIER 0

one of Finland's 500 000 bic

Read more

Photo credit (2 feremy fanin Visit Einkand

FINNGEN BRINGS TOGETHER THE
NATION-WIDE NETWORK OF FINNISH
BIOBANKS.

Every Finn can be a part of the FinnGen study by giving a bicbank consent,

CURRENT DATA FREEZE SAMPLES AVAILABLE
181 821 344 000
combined genotype and health registry data Samples needed by 2023: 500 Q00
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edicine has been a clinical science
ipported by data.

edicine is about to become a data'
Ipported by clinicians.

3 SLING KYLIN KWAN A s Samsung Advanced Institute for W
8 SUNG KYUNKWAN ,I.H____ Health Sclences & Technalogy, SKKU

UNIVERSITY

- 308 -



When we discuss Al (Artificial
Intelligence) in clinical medicine,
what we are really talking about is
IA, which is intelligence augmenta-

tion — not a complete substitution
of the care provider.

— James Madara, MD,
American Medical Association
(@AmerMedicalAssn)

@HIMSS18

Al should be Augmented Intelligence, not Artificial Intelligence

AMA Passes First PO|IGY Recommendations hnp_s_;,{m.ama_a_smﬂg)ﬁama_naaﬁea_
on Augmented Intelligence

6 SUNG KYUNKWAN SAIHST impvinteligence
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Other Important Points
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Datal, Not Algorithm!

Year | Breakthroughsin Al Datasets (First Available) Algorithms (First Proposed)
Human-level spontaneous speech Spoken Wall Street Journal articles and .
1994 | (1991) Hidden Markov Model (1984)
700,000 Grandmaster chess games, aka Negascout planning algorithm
1997 | IBM Deep Blue defeated Garry Kasparov “The Extended Book” (1991) (1983}
a— Google’s Arabic- and Chinese-to-English 1.8 trillion tokens from Google Web and Statistical machine translation
translation News pages [collected in 2005} algorithm (1988}
8.6 million documents from Wikipedia . .
1 ]
2011 IBhM Watsu-n became the world Jeopardy! Wiktionary, Wikiquote, and Proj Mixture-of-Experts algorithm
champion Gutenberg (updated in 2010) (1992)
2014 Google’s GoogleNet object classification ImageNet corpus of 1.5 million labeled Convolution neural network
at near-human performance images and 1,000 object categories {2010} | algorithm (1989)
Google’s Deepmind achieved human A e Tana t da of
2015 | parity in playing 29 Atari games by T LTS EnV T et Q-learning algorithm (1992)
- i over 50 Atari games (2013)
Average No. of Years to Breakthrough: 3 years 18 years
http://www . kdn m/201 —over—algorithms. html|
O S nan SAIHST imsmmsioesrin, IO
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Isaac Kohane ST
0 @zakkohane follawng v
'‘Our problem is not sample size, it's

distinguishing clinically significant from only
statistically significant results’

Isaac Kohane @zakkohane

. Health care systems that really use their data to help their patients:
Great talk by Dr Noa Dagan-winner of @NEJM data challenge
challenge.nejm.org/pages/home -discusses her work/research
@ClalitResearch today @HarvardDBMI

2:37 AM - 12 Oct 2018
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foundation

Machine learning as data JoIMEEHSH AHS 2] Ol ol (| fist HIS

Machine learning as a medical device
olg71714, S=7|7|0Y 59 & stle|go|7| X|EHE

Machine learning as intellectual property

Machine learning as a source of liability o|ZH ..
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sooyong.shin@gmail.com
http://bmi.skku.edu
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