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Smart Health care with the use of big health data for
Precision health care and personal care
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Major Trends of Medical Informatics
(Everything is based on Data)

 Virtualization (digitization)
— of medical data for
education/service/research

* Aggregation (integration)
— of biomedical information and systems

« Standardization & Exchange (of EMR)

— of medical information and healthcare
management/practice

* Intelligence (smart)
— for knowledge-based healthcare
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Taiwan National Health
lnsurance

e

Single-payer payment
system

NHIRDB NH|A
Claims Data
NHI IC Card
Premium Payments

Researchers

* 496 hospitals
 >20,000 clinics

« 23 million
population
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NHIRDB in Talwan

 NHIRDB (National Health
Insurance Research
Database)

— 12 years of de-identified claim
database for 23 million people

— Cohort DB (Five 1-million
people groups for 13 years)

— Disease-specific DB (16
disease groups)

— Random sample DB
(outpatient 1/500, inpatient
1/20)

— generates >100 research

ZData files

Registry for contracted beds (BED)

Registry for contracted specialty services (DETA)

Regisiry for contracted medical facilities (HOSB)
Supplementary registry for contracted medical facilities (HOSX)
Registry for board-cerified specialists (DOC)

Registry for medical personnel (PER)

Regisry for catastrophic fllness petieats (HV)

Registry for medical services (HOX)wd>

Registry for drug prescriptions (DRUG)

Registry for beneficiaries (ID)

Monthly claim summary for inpegient clzims (DT)

Meoathly claim summary for ambalasory care clzims (CT)

Inpatieat expenditures by admissions (DD)

Details of inpatient orders (DO)

Ambulatory care expendiures by visits (CD)

Details of ambulatory care orders (00)

Expendinares for prescriptions dispensed at contracted pharmacies (GD)
Details of prescriptions dispensed at contracted phammacies (GO)
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Taiwan Biobank

Browse Data Search Download Tutorial Data application ‘,_{,i’
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Electronic Medical Record
(EMR)

* A generic term used to describe computer-
based patient medical records. Also
iIncludes systems which keep track of other
relevant medical information.

* An electronic patient record that resides in a
system specifically designed to support users
through availability of complete and accurate
data, practitioner reminders and alerts,
clinical decision support systems, link to
bodies of medical knowledge, and other aids.

* patient's personal details + other functions




Electronic Health Record (EHR)

* An Electronic Health Record (EHR) Is any
Information relating to the past, present or future
physical and mental health, or condition of an
Individual which resides in electronic system(s)
used to capture, transmit, receive, store,
retrieve, link, and manipulate multimedia data for
the primary purpose of providing health care

and health-related services.
* (Murphy, G. F. etal. (1999), Electronic Health Records: Changing
the Vision, Harcourt Brace & Co., Philadelphia, p.5.)
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Levels of an Electronic
HealthCare Record (EHCR)

Automated Medical Record (AMR): a paper-based
record with some computer-generated documents.

Computerized Medical Record (CMR) : makes the
documents of AMR electronically available.

Electronic Medical Record (EMR) : restructures and
optimizes the documents of AMR and CMR ensuring inter-
operabllity of all documentation systems.

Electronic Patient Record (EPR) is a patient-centered
record with information from multiple institutions.

Electronic Health Record (EHR) adds general health
related information to the EPR.

Medical Records Institute
Center for Biomedical

Informatics
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« i EMRegarding to the regulations and policies
— B E(medical law, medical service act)ii ERFEZEEI 2 /)
R+ (saved for 7 years)
— A\ ERMr:E,~(Personal Data Protection Law )z 6 &
— ARPRRE - B - BN - MAE ~ (@R E FICFERIRZAE AN E
wF o ANERSE -~ BRHERA - (E5 NMIEEZ—& » AMEHR. ..
- BERERSE R R E R EHINE
« WA ZEAREEERH R Importing the exist
records into a new architecture
— BFEFERE ~ Xtk kEAM A EC#E(different kinds records)
- REZREFEERZEE (image)
— BBRGER TR A Fek (image compression)
- REFIZHE A 75K EHim2EE R 2 R (transmission speed)
— HIHIS%E & Fige (integrated with the current HIS)
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— SEUSEEET - B T EPGE R T 1 F (software for
medical imaging)
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Medical Information Standards

Logical Observations, Identifiers, Names and Codes (LOINC)
Diagnosis-Related groups (DRG)z2EN sl BsR

Current Procedural Terminology(CPT) 2 &%

International Classification of Diseases (ICD)

North American Nursing Diagnosis Association

International(NANDA-I)

* Nursing Interventions Classification(NIC)
* Nursing Outcomes Classification(NOC)
 International Classification of Nursing Practice(ICNP)

Systematized Nomenclature of Medicine (SNOMED)JpEE
Medical subject Headings (MeSH)
Unified Medical Language System (UMLS)

* RxNorm



Medical Information Standards

» Digital Imaging and Communications in
Medicine(DICOM)& {4

* Health Level Seven(HL7)
* Clinical Document Architecture(CDA)
« Fast Healthcare Interoperability Resources(FHIR)

* Integrating the Healthcare Enterprise(IHE)
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Enforcing interoperabllity

 |nteroperability

“Ability of two or more systems or
components to exchange information

and
to hat has been

ex@ghanged”

Functional
Interoperability

IEEE Standard Computer Dictionary, IEEE, 1990
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* Medical Information Exchange Center and
Clinical Data Repository

— consistent personal medical record across
hospitals
* Many issues
— Security/Privacy/Confidentiality
— Standardized exchange format

— Architecture that minimize the impact to
current HIS (hospital information system)

Center for Biomedical
Informatics

SRt
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Data Architecture by Subjects with Active Analysis

and Assessment Integrated Data Center for
Bio-medical Informatics
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Scenario A

ealth Insurance
DB

T

Cause of Death
DB

Register
DB

Center of Health Information
Application 2009

Integrated Data Center for Bio-medical
Informatics

1. &H#&8$ Datajoining
2. E4{LEE De-identification

B P E B A Data

processing and statistical
Analysis according to query
of the department of health
B AR T BB R
National health indicator
databank




Taiwan Information Integrated Platform for Cancer Research :
cancer Data Standards Repository and Grid Computing

Developing Intermational Nodes for Cancer

— Original Database — 1 Information Platform
Ciigir Clintaal i Bioinformatics Grid | m | * for Gene analysis of 7
R(;SC&I'CI’I Database l ' [nternational | Cancer Patients |
2 | [Data Dictionaries I I Collaboration | . |
I Analysis and
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Cancer Cancer I ODBC - Management I
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A I : 1 1 |
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Functions of PHR
(EPN e 3=k ST 00T

easy look up of patient data by doctors and
nurses

easy claims processing by insurance
companies, archival and legally acceptable
records

easy transfer and share information when a
person changes medical facilities

easy access to the medical/health history of a
patient

providing material for research and studying

data are secure from loss, alteration or
damaae
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- (BFFEREERE 245 (PharmaCloud) » loud-based
medication record system (PharmaCloud)

— provide to query of patients medication

— to avoid duplication of medication and drug
adverse(interactions) events, overdose

« Launched in 2014 FERy{EEFRE(My Health
bank(Data) book)

— people can query their use of medical services in the
past year, including hospitalization, medical
expenses, outpatient clinic visits and prescription
records, etc., people can learn more about their own
health and develop better health lifestyle.

Ml
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Personally controlled EHR

Value-addeq n}a}alicntian
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Min-Huei (Marc) Hsu, Director of Medical Informatics
Center
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My Health bank book

SR BEARESR{EREA# Dates of visiting of hospitals

contents

Amount of Self-paymentand

Name of hospital health insurance payment

HRIECE

FEEWRAE o\ o i IBER. BT
Diagnosis 6 ~ . T
. 6 Laboratory, inspection
RIEERER Medicines, special materials

BERAE

Doctor orders, ICD codes, treatments
32



Example of My Health Bank(Data) Book

<?xml version="1.0" encoding="utf-8"?> . <rl 1.1>AC27528100</r1_1.1>
<myhealthbank> . <rl_1.2>mrsE 3 0 =Zve (E&(h) </rl_1.2>
<bdata> .

<b1.1>M12010****</b1.1>

<b1.2>20180613</b1.2>

<rl>
<rl.1>1</r1.1>
<rl.2>Z1L2ER4H</r1.2>
<r1.3>5931033489</r1.3>
<rL4>E58m<i4> - Name of hospital
<rl.5></r1.5>
<rl.6>20180527</r1.6>
<rl.7>XXXX</r1.7>
<r1.8>J00</r1.8>
<rLO>TMEER (E ) </Irl.9>

<r1.10></r1.10> ICD-10 Acute

<rl1.11></r1.11> Naso har - itiS
<r1.12>0</r1.12> pharyng

<r1.13>78</r1.13> (cold)
<rl 1>
<rl_1.1>A021841100</r1_1.1>
<rl 1.2>WEESE (UTEHRZS) </rl 1.2>
<rl_1.3>4.50</rl_1.3>
<rl_1.4>3</rl_1.4> ATC code of drug
</rl_1>
<rl 1>

<rl_1.4>3</r1_1.4> d d
</rl 1> an ose

<rl 1>
<rl_1.1>AC37603100</r1_1.1>
<rl_1.2>"%fE " {IKKIGAREAREE 5 0 25 (L&

gl ) </rl_1.2>

<rl_1.3>9.00</rl_1.3> ATC code of drug

<rl_1.4>3</r1_1.4> and dose
</rl 1>

</r1>
<rl>

<rl.1>1</r1.1>
<rl.2>=Z1ER4H</r1.2>
<rl1.3>5931033489</r1.3>
<rl.4>fEEuEfE</rl.4>
<rl.5></r1.5>
<rl.6>20180603</r1.6>
<rlL.7>XXXX</r1.7>
<r1.8>J00</r1.8>
<rl.O>ZMEm R (JE ) </r1.9>

<rl1.10></r1.10>
<r1.11></r1.11> ICD-10 Acute
Nasopharyngitis

Name of hospital

<r1.12>0</r1.12>
<r1.13>91</r1.13> (cold)
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Beers Criteria
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Using My Health Bank Data Book to improve Patient Safety

on checking the Potentially Inappropriate Medication Use
In Older Adults
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= }E H :i Obtain the Pharmaceutical
= / composition

Parsing the Data from My-HB . . ﬂﬁﬁﬁf‘&ﬁﬁﬂaﬂ )
6 B2 BB XML kQ s f RER AR RS
BRAR Y o 38 R U 5 - SREREAG

A1 2.0 Y —

Health Insurance
Drug Database

584 (R
Alert results returned mIB &R E

1% Beers Criteria B uE 26 3 L Beers
BRinEriGREOE Criteria ERERE

Beers Criteria
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FIF 2B BICDZ B B R
AirBox ZR;5REIR
REFEARERLZETER
Use health Bankbook (ICD diagnostic code) and
AirBox Air Pollution Index to

Provide warning of air pollution for respiratory
disease patients



72 R 5 A TRERHE Air Pollution Warning
Depends on different Respiration Diseases

the Color of Air Pollution Map . "
lighter is better :' 4

g v - é&'

Past 7 days had Bronchitis, acute(& oL
M R E % 1CD-9=466.0) ¥ 4}
1 ) -
Acute [5_] 0 (Point
Respiratory “)
Infections 7 14 30 (Days

)
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Based on FHIR and Blockchain Architecture Personal Health Record Exchange Platform

: HealthCoin 1 PHR Upload H E 2 :
e ——— m‘ ) < iy & Diet Record Spormiecord  Vital u‘ns Record
Health Manage Module ok
ool -e-a: :E-o- T-To
. et N o
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+ | PHR Exchange

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

| - —
| E erer

| .
I ‘s
: Every transaction data will record by biock,
| and build the Health Blockchain.
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Personal Health Blockchain
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= Blockchain Security

User =
Cloud Server Avoid Blockchaln security concerns,
Based on FHIR Health ledger will store in more than three place,
PHR Upload * User self

» * Physician
Userself Physiclan  gjockehain only contains transaction data and not
actual medical record(such as diagnosis, etc....)

|
|

|

|

|

n

* Cloud Server :

|

n

!

Based on FHIR PHR Database :



Collaboration of Medical Information Sharing
and Knowledge Exchange

« Taiwan: Standard and Interoperabillity Lab -
Smart Healthcare center of Excellent Taiwan

* Asia eHealth Information Network (AeHIN):

Standards and Interoperability Lab - Asia ¢ .
Community of Interoperable Labs (COIL) <, =

* University of the
Philippines Manila

« Asian Development
Bank

* National Taipei
University of
Nursing and Health
Sciences

« Taiwan Electronic
Health Association -
TEHA 40
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The Value of use of health

related data

 Secondary Use(MNMEFEF = —ZEH)EHAEZ
BEREMAHIES
- X B EA20F IR EB{EREHEN R EFEA,
USA started from 20 years ago

- FTRNBEA . EEMNZET. EMZEIER. K
w2 BABR .. .. 2, for discovery of New treatment,

diagnosis methods, side effects of drugs,
relationship between diseases

° 25/2 7'I.'..T.E Fﬂﬁﬁ&ﬁi :J][MEE 1‘4%{—} By ER Ei ;E\rj(r
A ZBEZE, open data will fit the beneflts of
majority of people

From Prof. Jack Li



Integrated Biomedical Informatics
for Clinical Research

=2MRZE, NEBEMEEH

2003F9A30H, EBIERFEMZEL (NIH) [RRE

%Jt‘é E(/E_Il@SEEZerhoum Bifh - HEBBRFEMNES
REITEE

F

H

nﬂ%‘félj RIETE= NIH Roadmap

National Electronics Clinical Trials and Research

(NECTAR) network
)7L;

VEEMBEREULBMEREHREZESEMMKE., #

ﬁ&,\ﬁﬁ methods for collecting, storage, and sharing

HEEXBERIHIER

Integrating data bases

ﬁ@iﬁﬁ_ 1§ﬁ Mn-l-iﬁlj:]:i’é

R E R —EBE KM ERE

&ﬁﬁaﬁ’fb\

.

R

developing software for helplng experiment design

and common data element

s> #E5R B9 B reducing paper use
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FIRAM#ENEREHZEZIEANERREREE from 1IBM Research

Clinical : B > (EPNAwEyi 5
FHEE kil s FEH B AT A
&g ' - R 5 R AN
15 T . 7R IN| 74 -
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Cohort

"ﬁ% Preprocessing

Decision iﬁﬁiﬁﬁﬁ
M =z

Support

Complex

Genomic
Feature

Sensor Engineering

»

Diet

ASZ
Models
Behavioral
Longitudinal Tr?flllngtgnd “
Modeling ntervention

Interpretable
Models

Patient Centric
Measures

Feature
Selection

Activities

Causal
Inference

Job

Social
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e Databanks related to health



National Health Data Center

Bureau of Health
Promotion

By

Local Health Bureal National Data
Data Center




Health-related Databanks

Process and OQutcome

Mortality Morbidity Disability Others
Death reporting 1.Health 1.Catastrophic 1.Birth reporting
Insurance disease 2.Health care
utilization certificate databank | organization/servic
databank 2.Disability e databank
2.Cancer certificate databank | 3.Special survey for
registration care providers

Health determinant
Health behavior Economic status Family status Ethnicity
Health and | Household income | Household & | Indigenous
nutritional survey | and expenditure | health  insurance | people databank
survey records

47



Collaboration Center for Value-
added Application of Health
Databanks a Pllot (1)

?[baﬁm C@@m&o Yuan, R.O_ -(TAIWAN)
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*Sponsored by Taiwan DOH in collaboration with China Medical
University (Taichung, Taiwan)
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i
=

SILEZSXRSBEBFEIRIFTERIIE SO E
195 Bl Taipei Medical University

'!' 3160

= T = = —
EHER A SRR L IR g o va | B

ERlREEAELMUSE 22 EEASLE (EE
fREETAURAZRHEETA)




LB AR B VEHLEETIH L ERE

Data Architecture by Subjects with Active Analysis

and Assessment Integrated Data Center for
Bio-medical Informatics

Provide

Data l[:
T
u
Cause of Death _

J‘D’/ Redundant /

Feedback
—
u

ealth Insurance
DB

Cancer Register
DB

Regular Data

e f Released::

Public Health
Administration

Epidemiology

Health Care
Management

De-
identification

Data Released af@
IRB approval

Register
DB

SHM |00L

— 19S Ble pallwi]
e ||OJBOSOY AllﬂUIlUO:)




Scenario A
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Precision Medicine Moves Care from Population-
Based Protocols to Truly Individualized Medicine

The Exposome:

President Obama announced the Precision Exposure to Disease
Medicine Initiative in his 2015 State of the Union ”:”"
address. (FFEBR(E) —

« Under the initiative, medical care would transition from a one-size-fits-
all approach to an individualized approach, in which data on each
patient’'s genomic makeup, environment, and lifestyle (F:RE%HLERK @ I8
B4 7E G, the exposome, Exposome and Exposomics) helps
medical professionals tailor treatment and prevention strategies.

« To achieve the Precision Medicine Initiative mission statement, “to
enable a new era of medicine through research, technology, and
policies that empower patients, researchers, and providers to work
together toward development of individualized care,” researchers and
clinicians need vast and varied amounts of data and the technology to
ensure that data is widely accessible and usable. (ERR151fiT > CIHE

BRI AT (5 7) i



https://www.cdc.gov/niosh/topics/exposome/default.html
https://obamawhitehouse.archives.gov/photos-and-video/video/2015/01/20/president-obamas-2015-state-union-address

A.l./Machine Learning Methodology for Biomedical Datasets
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Taiwan Information Integrated Platform for Cancer Research :
cancer Data Standards Repository and Cloud Computing
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Real-World Data Implementation

RWD R BB RS AR L
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5E5 RSB F FLRSE R RWD 7 — - FREISRORHR S E C i bl
BB FE IR TR ~ IR - BN -~ BREEA - REOEFHEEA 2 %
%% (transition probability)Z -

« AN - RWD TEAHSHESOT Y2 A RIAH S D SRR PR TSR e DL 2k

> (RORERHEEN e RS (Y SR - BCERUERT - SEAA R IR E R T T
MR
[EORBE RO B e s - EREHE A AR
RGBT TR RS G R R EE R B > RS MET TRWD S5
REE LR RWD 7R 2R
AR Y RWD WigtArE £y RWE (5B HEE T
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https://www.cde.org.tw/Content/Files/Knowledge/90073b31-4404-44db-80aa-13a68173ffb5.pdf

AfE ek E A Real World Data 245 [ i ZE4(Ibrance)

« How real world evidence was used to support approval of Ibrance for male breast cancer (The
Cancer Letter, 20190419, https://cancerletter.com/articles/20190419 2/)

2015 NDA approval for female breast cancer
2016-2017 US FDA regulatory meeting
2018 submit to US FDA for use indication
20190419 US FDA approval by RWE

» FDA said:

Pfizer provided the results of an analysis of real world data (RWD) from electronic health records
(EHRSs) as additional supportive data to characterize the use of Ibrance in combination with
endocrine therapy (aromatase inhibitor or fulvestrant) in male patients with breast cancer based
on observed tumor responses in this rare subset of patients with breast cancer.

Leveraging RWD to improve regulatory decisions is a key strategic priority for the FDA. This
data may be derived from a variety of sources, such as electronic health records, medical
claims, product and disease registries, laboratory test results and even cutting-edge technology
paired with mobile devices.

These types of data are being used to develop real world evidence (RWE) that can better inform
regulatory decisions(Bs & 5L (E E HHIESIEER).

RWD has been used to determine prognosis or natural history of disease in order to help inform
regulatory decision-making, for example, data on historical response rates drawn from expanded
access(#EfEsH), practice settings, or chart reviews.

Real world tumor response data: electronic health record and information about response event
collected retrospectively. physical exam, symptom improvement, pathology reports, and
durations of prescriptions.

The safety and efficacy of Ibrance had been previously demonstrated in women and therefore
was only supported by RWD in order to extend the indication to men. (primary evidence in th0
case)


https://cancerletter.com/articles/20190419_2/

o P& i 8 FH Real World Data &5,

F‘j 224 (Ibrance)

Male breast cancer
— less than 1% of all cases of breast cancer
— not feasible to conduct prospective clinical studies
Using Real World Data to get RWE
— post-marketing reports
— electronic health records databases
* IQVIA Insurance database ({&F{REERD
- Flatiron Health Breast Cancer database: baseline characteristics, treatment
patterns and clinical outcomes from patient-level, de-identified data for a group of
male patients with metastatic breast cancer. (the data is *fit-for-purpose,” that is,
ensuring that the dataset is fit for the intended use and canfrowde adequate
scientific evidence) (& %/ » BioBanks and otherfGR=tEs data)
« the Pfizer global safety database (%% 4 E& ¥} EH)
— Based on these data, the safety profile for men treated with IBRANCE is consistent
with the safety profile in women treated with IBRANCE.
Real world data are playing an increasingly important role in expanding the use of already-
approved innovative medicines

The 21st Century Cures Act, enacted in 2016, was created to help accelerate medical
product development, allowing new innovations and advances to become available to
patients who need them faster and more efficiently. This law places additional focus on the
use of real world data to support regulatory decision-making.
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Want can Data Governance
Accomplish? EFRIERIE B i e
Enable better decision-making

Reduce operational friction

Protect the needs of data stakeholders

Train management and staff to adopt common
approaches to data issues

Build standard, repeatable processes

Reduce costs and increase effectiveness
through coordination of efforts

Ensure transparency of processes

The most common objective of Data Governance
programs is to standardize data definitions across an
enterprise or initiative. (for example: 815 FEIEAE)




Typical Data Governance Focus Areas

Data Governance
Focus Areas Policy, Standards, Strategy

Data Quality

Privacy / Compliance / Security
Architecture / Integration

Data Warehouses and Bl

Management Alignment

Seven phases of Data Governance Life Cycle Methodology

1 2 3 4 ] 6
Develop Prepare Plan Design Deploy Govern
avalue a and the the the

statement roadmap Fund program program data

The Data Governance Institute
www.DataGovernance.com
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Personal Health Information Application Scenario NHIP
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Q&A

Prof. Chien-Yeh Hsu fR#Z2 3% 24#% 0939193212
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SlLEHERKXE

SLEEXE

aaE2ENSE

SEEREENS
gk i'-é?hs.if-—.—éé

National Taipel University of Nursing and Health
Sciences

Taipel Medical University

Taiwan Nursing Informatics Association, TNIA
Talwan Association for Medical Informatics, TAMI
Taiwan Electronic Health Association - TEHA




