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Global biobanks
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Why Taiwan ?

Holo Taiwanese

Hakka Taiwanese
Mainianders

Taiwanese indigenous proples
Taiwanese new immigrants

Why Taiwan’s Health Care System
is the Best in the World

— <

ﬁ \ 4 7k
] ’ “ [P $ E Office of the President
‘ 0'8» / % 6% ﬁ Republic of China (Taiwan)
IR ¢ t
I @ — ﬂ www.president.gov.tw
Well-trained New equipment Diverse professions
medical personnels https://ogme.edu.tw/Ic/culturalGroups

https://tendashsix.com/taiwan-medical-service-ranked-first/


https://ogme.edu.tw/lc/culturalGroups

TWB

> EBHBM AR

>REE FPRAKKR

> 1K2010.2.3 %R BAH BTZ (ARAMTHEEEZGKE) RE
>BRAGEZEG  HHEHEXEREAHNFREFEERER
> 2012.10.24 BRAFHZ E 3T

> F—BETRMBEEXEZIARENETHE

> 2012.11.8 ¥ EX MK R BR20ERERR



TWB infrastructure
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200,000
(> 20 years old)

General population
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follow-up program
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Male (%) | female (%)

BpMI

1.29 4.42

| 18524 35.83 56.96

2427 35.25 22.58
>27 (Obesity) 27.62 16.05
M=20.92; F20.88 36.05 30.00

Body Fat Rate (male, female)
=S17% , =20% 12.42 2.02
17-23% , 20-27% 39.11 20.02
23-25%, 27-30% 16.02 17.81
>25% , >30% 32.45 60.11



advance follow-up program
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distribution of urinary melamine and phthalate metabolites

Urinary metabolites
TWB (n=1,155) NHANES (n=2,974)2

VEETWILER T 0 I RS CE W 0.46 (0.43-0.49) ---

11.37 (10.69-12.09) N.D.b

8.17 (7.81-8.54) 3.70 (3.49-3.92)
12.68 (12.06-13.33) 5.86 (5.62-6.12)
19.17 (18.36-20.02) 9.14 (8.58-9.74)
3.88 (3.61-4.16) --

1.04 (0.98-1.1) 4.63 (4.06-5.28)
20.51 (19.46-21.61) 10.2 (9.53-10.9)
8.38 (7.92-8.87) 8.71 (8.06-9.42)
12.86 (11.82-13.99) 34.7 (31.0-39.0)
2.22 (2.09-2.36) -

N.D. N.D.b
aData from the urine samples of 2015-2016 for the U.S. population from the National Health and
Nutrition Examination Survey. (NHANES, 2019)

bN.D., the chemical was analyzed but the proportion of results below limit of detection was too high
to provide a valid result.
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certificate

ISO/IEC 27001 for
management system
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ISO/IEC 29100 for personal
information protection

Conformity of Personal Information Protection as Defined per
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link NHIRD - TWB projects
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TWB-NHIRD
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TWB - NHIRD

Hypertension

Hyperlipidemia

Male
Female
Male
Female
Male
Female

10.98
7.25
29.12

16.86
26.69
20.51

12.53
8.84
26.7

17.08

26.09

21.05
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Human cell

Most cells in the human
body have a complete
set of genes

Chromosomes

5]

were analysed
Only the active genes
were looked at

Your genome is one whole set of all your
genes plus all the DNA between your genes.

There are around 20,000 genesin your genome

We know that the non-gene (non-coding) parts of
your genome may have a role to play so we look at
the whole thing, every single letter, and how the
different parts work together.

i

Your genome

with

3 Billion

pairs of letters in the
human genome

AAGTAATATGC
TTCTAGGCGTC
TCAAGATGCAT
CTAGCACAGC
GCCCTTTATTA
BCTCTATACTCA
ACTACTAGGGC
TATTTCATATCT
AAATACHECTCG
AGGCTACTGAC
TTATGCTATCG
ATCTCGAGCGC
TDCCGTAATTT
TCGCGAATCAG
AAGTAATATGC
TTCTAGGCGTC
TCAAGIYTGCAT
CTAGCACAGC

GCCCTTTATTA

959

were unused

All the non-gene
sections that we
didn't understand
were disregarded as
useless

"1 %% BIOBANK « ittt

Sones benes J  RARRE - BRANTNANS
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cystic fibrosis (ZE A 4 {E) > transmembrane conductance regulator (CFTR) gene

on chromosome 7.

Cystic fibrosis

Person ©
one




complex diseases (polygenic disease)

Coronary artery disease

10 1

b
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GENETIC VARIANT “RS11591147” IN PCSK9

PSCK9 NONSYN; b=-0.57, p=1e-14; N=2099 . i
@ C(arriers of T variant have

3 lower levels of LDL
: __ cholesterol than carriers of

- G variant

e [LDL is a strong risk factor

LDL (Qnormalised)
0

. | for heart disease

—8— _
&} o
(o)

0 1 2
(1918) (175) (6)



A HUMAN KNOCK-OUT OF PCSK9 (2006)

Individual IL2 has zero working copies of PCSK9

gene
1 2
| PCSK9-Y142X
O I] O /- L e no circulating PCSK9 and an LDL-C of
LDL-C (mg/dL): 39 49 'l:t PCSK9-AR97
Percentile <1 <1 : only 14 mg/ dL
I H ‘) P ; 3 e apparently healthy, fertile, normotensive,
: . ; college-educated woman with normal liver
I : Z}' : :1: 2 3 and renal function tests who works as an
: 5 5 s : 30 37 104 aerobics instructor
e : oo e 7 F Why is this very interesting observation?
64w | o= |- - - e Inhibiting PCSK9 might be a safe way to
reduce LDL

Zhao et al. AJHG 2006



PCSK9 inhibition with evolocumab (AMG 145) in heterozygous
familial hypercholesterolaemia (RUTHERFORD-2): a

randomised, double-blind, placebo-controlled trial

-@- Placebo every 2 weeks (n=54)
20 & Placebo monthly (n=55)
—4— 140 mg evolocumab every 2 weeks (n=110)

~#- 420 mg evolocumab monthly (n=110)
0 \F """""" -

Change from baseline in LDL cholesterol (%)

-80 T ; . l
Baseline Week 2 Week 8 Week 10 Week 12
Evolocumab every 2 weeks .. ) 1 1 1 1 1

Lancet Oct 2014 Evolocumab monthly .. T . T % 1



N Engl ] Med 2017;376:1713-1722

ORIGINAL ARTICLE

Evolocumab and Clinical Outcomes in Patients with
Cardiovascular Disease

Marc S. Sabatine, M.D., M.P.H., Robert P. Giugliano, M.D., Anthony C. Keech, M.D., Narimon Honarpour, M.D., Ph.D., Stephen D. Wiviott, M.D.,
Sabina A. Murphy, M.P.H., Julia F. Kuder, M.A., Huei Wang, Ph.D., Thomas Liu, Ph.D., Scott M. Wasserman, M.D., Peter S. Sever, Ph.D., F.R.C.P,
and Terje R. Pedersen, M.D. for the FOURIER Steering Committee and Investigators™

FDA Approves Amgen's Repatha (evolocumab) to
Prevent Heart Attack and Stroke

@@@ Dec | 2017

In the Repatha cardiovascular outcomes study (FOURIER), Repatha reduced the risk
of heart attack by 27%, the risk of stroke by 21% and the risk of coronary

revascularization by 22%..




precision medicine in Taiwan

Gout
Use of HLA-B*58:01 genotyping to prevent allopurinol- All op(::rin ol
induced severe cutaneous adverse reactions in Taiwan: HLA-B*58:01

national prospective study
BMJ 2015;351:h4848 Sep 23, 2015

BM]




NHIRD-TWB - reduce health expenditures

2926 enrolled

16 excluded owing to
protocol violations

2910 included in study Adverse event

‘ ‘ Mild cutaneous events

Rash and itching

2339 (80.4%) HLA-B*58:01 571 (19.6%) HLA-B*58:01 Blisters
negative participants positive participants
Oral ulcers
11 lost to follow-up Rash, itching, oral ulcers,
2 lost to follow andfever
155 did not take LR Rash, itching, and other
allopurinol adverse events

2173 took allopurinol 569 did not take allopurinol
(354 were given
alternative medications)

HLA-B*58:01 positive participants
receiving alternative drug treatment
(n=354)

3*
0

HLA-B*58:01 negative
participants receiving
allopurinol (n=2173)

94
0

22

Total
(n=2910)

97

22

Records from the National Health Insurance research database
Incidence of SCARs ~0.3%

BMJ. 2015 Sep 23;351:h4848.



frequency distribution of pharmacogenetic phenotypes predicted by genotypes of TWB cohort

Gene Drug Rx?/year EM M PM ADRP carrier rate
CYP2B6 Efavirenz 1,662,525 66.0% 30.5% 3.6%

CYP2C19 Clopidogrel 63,664,076 39.8% 56.4% 3.8%

CYP2C9 Celecoxib 65,058,810 93.6% 6.3% 0.1%

CYP3A5 Tacrolimus 10,272,406 8.1% 40.6% 51.2%

IL28 Peginterferon 40,941 88.6% 11.1% 0.3%

NAT2 Isoniazid 7,885,251 28.8% 59.2% 12.0%

SLCO1B1 Simvastatin 50,695,934 78.9% 19.9% 1.3%

TPMT Azathioprine 7,435,217 97.0% 2.9% 0.02%

UGT1A1 Atazanavir 719,793 53.2% 39.8% 7.0%

VKORC1 Warfarin 16,121,944 1.1% 19.2% 79.7%

HLA-A*3101 Carbamazepine 17,078,849 2.0%
HLA-B*1502 Carbamazepine 17,078,849 41%
HLA-B*5701 Abacavir 3,049,217 0.2%
HLA-B*5801 Allopurinol 23,888,472 10.5%
MT-RNR1 Amikacin 321,561 4.7%

#Rx = prescriptions.

®4DR = adverse drug reactions.

NPJ Genom Med. 2021 Feb 11;6(1):10.



NOTCH3 cysteine-altering variant is an important risk factor for stroke in the

Taiwanese population

We queried the Taiwan Biobank database for cysteine-altering mutations in exons
2—24 of NOTCH3 within these genomes. The reference coding sequence of NOTCH3,
NM_000435.3, was used for annotating the variants. (p.R544C (c.1630G>A), p.C853Y
(c.2558G>A), and p.C884Y (c.2651G>A))

The cysteine-altering NOTCH3 variants identified from the Taiwan Biobank database

were_genotyped in the control participants and patients with stroke using the
TagMan genotyping assay




Only the NOTCH3 p.R544C variant was found in 4 in

Controls Patients with stroke

Taiwan biobank (n=  TP-VGH (n = Biobank+ TP-VGH(n= TP-VGH (n = TC-VGH (n = TP-VGH + TC-VGH (n

6,488) 550) 7,038) 350) 450) = 800)
Male 2,293 (35.3) 230 (41.8) 2,523 (35.8) 248 (70.9) 327 (72.7) 575 (71.9)
Age,y 48.4 +10.9 56.7 £ 15.0 49.1+11.5 64.4+13.6 67.5+13.2 66.2 + 13.5
Hypertension 682 (10.6) 186 (33.8) 868 (12.4) 248 (70.9) 329 (73.1) 577 (72.1)
Diabetes 300 (4.6) 72(13.1) 372 (5.3) 130 (37.1) 168 (37.3) 298 (37.3)
Hyperlipidemia 388 (6.0) 138 (25.1) 526 (7.5) 129 (36.9) 181 (40.2) 310 (38.8)
Smoking habit 1,228 (18.9) 98 (17.8) 1,326 (18.8) 122 (34.9) 136 (30.4) 258 (32.4)
Alcohol consumption 387 (6.0) 108 (19.6) 495 (7.0) 56 (16.0) 87 (23.2) 143 (19.7)
Family history of 1,146 (17.8) — — 40 (14.1) 14 (4.0) 54 (8.5)
stroke
NOTCH3 p.R544C 56 (0.9) 4(0.7) 60 (0.9) 8(2.3) 9(2.0) 17 (2.1)

mutation (+)




Physical examination revealed that they were free of neurologic deficits. Three of
them received brain MRI scans, and all had a variable degree of leukoencephalopathy

C-l, 59 years male







GWAS study

People without condition People with condition

- (mERTE AP 28R R E 2 2 EERSMBIE K -2 o
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RS RABEIR 58 - P REF T B

* Calculate polygenic risk score (PRS) for individual j using m

SNPs
21";1 ln(OR,) XSNPU
PRS] =
m
Where ﬁ \=\ e\ z \——\ S Genetic aller_atlons
* In(OR,) = effect size for SNP i from discovery sample OO EEY i
* SNP;; = number of risk alleles (0,1,2) for SNP i, individual tZ\ B R B Z ZtZ\
i T OIS
j in target sample ARLZZAZR
* m = number of SNPs considered in test set A
3 g
Purcell / 1SC et al. Common polygenic variation contributes to risk of schizophrenia and bipolar ® _‘:. %

disorder Nature 2009
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the power of sample size - schizophrenia | psychiatric genomics consortium

27
| 9,394 cases, 12,462 controls |
24
21 5 genome wide significant sites
18
S Genome-wide association study identifies five new
; 15 - schizophrenia loci
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polygenic risk score

Discovery GWAS
Weight*

SNP1 0.2

SNP2 -0.3

SNP3 0.1

Individual Alleles SNP1

1 AT

2 AA

3 T

4 T

5 TA

6 AT

7 AA

8 AA

9 TA

10 AT

Risk Allele
A
c
G

Alleles SNP2

AA
CA
AC
AA
CA
CA
AA
cC
LE
AA

Alleles SNP3
CG
GG
CG
GG
GC
CG
GG
CG
GC
CG

PRS.
Individual SNP 1 SNP 2 SNP 3 PRS
1 0.2+0.0 0.0+0.0 0.0+0.1 0.3
2 0.2+0.2 -0.3+0.0 0.1+0.1 0.3
3 0.0+0.0 0.0-0.3 0.0+0.1 -0.2
- 0.0+0.0 0.0+0.0 0.1+0.1 0.2
5 0.0+0.2 -0.3+0.0 0.1+0.0 0.0
6 0.2+0.0 -0.3+0.0 0.0+0.1 0.0
7 0.2+0.2 0.0+0.0 +0.1+0.1 0.6
8 0.2+0.2 -0.3-0.3 0.0+0.1 -0.1
9 0.0+0.2 -0.3-0.3 0.1+0.0 -0.3
10 0.2+0.0 0.0+0.0 0.0+0.1 0.3




disease risk prediction
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“...itis time to contemplate the inclusion of polygenic risk prediction in clinical care,

and discuss relevant issues.”

Khera et al. Nature Genetics 50, 1219-1224 (2018)



Precision medicine 0|

Box 7. The GINA asthma treatment strategy

o
Ci f if ¥ ©
Symptom control & modifiable >
Adults & adolescents 12+ years risk factors (incluing fung fumction) 5
Comorbidities g
Inhaler techmique &adherence ¢_U
P P Patient goals = 't
Assess, Adjust, Review x
[
Symptoms o
Exacerbations = —~
Side-effects w0 .
Lung function (o2}
Patient satisfaction >
N
‘macological strategies O
Aati — -\ Education & skills training o
Adjust treatment up and dorwn for
individual patient needs A L4
..................... STEP 2 >
PREFERRED I STEP1 (o)
CONTROLLER : MMMMMM(ICS),
to prevent exacerbetions : As-needed or dose | i * ! \
and control symptoms  jow dose N
: ICS-formoterol * «Qg. 50 7.5
Oter  Lowdose 105 | Loukotnns recoptoniegonist LTRA)or
controlleroptions * taken whenever fow dose ICS T t'7 .
e e 2018 Oct;73(10):2024-2032
& Al CcL ) )
e \0 S = = e * crgens
PREFERRED : A o *
RELIEVER Qgﬁwdom 3 P 3
o Other QO As-needed short-acting B,-agonist (SABA)
* Off-abel; data only with budesonide-formoterol (bud-form) 3 Low-cose ICS-Torm is the reliever for paients prescribed o
+ Off-label; separate or combination ICS and SABA inhalers bud-form or BDP-form maintenance and reliever therapy

# Consider adding HDM SLIT for sensitized patients with

7@ Thocel
alergic rhindis and FEV1 >70% predicled ~ Beell

o Th2 cell
N 14
1.-23
Dendritic cell -4 ’*“[’

For children 6-11 years, the preferred Step 3 freatment is low dose ICS-LABA or medium dose ICS.

—_
CXCLI ]
CXCL8 ror \{vn U e
Lo » F-p 1L-10
6. ADVAIR DISKUS (fiuticasone propionate) Thi7 cell N- ( \ /"4[ 1'(';';‘::9 ﬁf
Asthma ) L\é # Tho cell
' @@
= / (TS ) §
w * i i * * * * * i Neutrophil - Treg cell Fosinophil \ Q’)
L e O TNF-a Th cell P Y

IEN-y +&', Basic proteins
2 ! *t ¢ Cysteinyl LTs
Cytokines
' MMPs
NE Mucus
ROS "y

Epithelial cclls (.’ OO0

Y — ..
Nature 520, 609-611 QO T

.. ® Histamine
*e Cysteinyl LTs
Prostaglandins
Cytokines




For most health conditions (like diabetes or cancers), each person
has some risk of developing the condition during their life. This
diagram represents this as a bucket — a person experiences the
condition when their bucket gets full up.

Most health conditions arise due to a combination of genetic and
other risk factors.

® Genetic factors B Other factors

Everyone starts life with some genetic risk

factors for the condition. Some people have

very few, some people have a lot. You are

born with this risk and you can’t change it.

Direct-to-consumer genetic tests aim to

4 measure this risk (though thei t

o0 gh their measuremen

is often far from perfect).

p— e — Over the course of life, people

. are exposed to other factors that
eg smoking increase the chance of them
experiencing the condition.

If you had more genetic risk factors in your
bucket to begin with, it takes fewer other
risk factors to fill the bucket and result in
the health condition.

Direct to consumer genetic testing (DTG)

xz3andMe'

x23andMe'

Welcome to you

AN saliva collection kit
' aa
s '
- = -

‘'m

1890-€120-11€1-08
s an

Some of the other factors, you can’t change,
like your age. Some factors, you might be able
to work on, like smoking, or alcohol intake.

Even if you have a ‘high genetic risk’ of a
particular condition, for most health conditions,
having a high genetic risk does not mean you'll
getit.

By working on the factors you can change,
you might be able to reduce the chance of
developing a health condition, even if you
have a high genetic risk.

BMJ 2019;367:15688



Need for a Precision Health Eco-system

=

Economically Treatment Evidence- Chronic and Health
Unsustainable Decisions Based Medicine Aging Spending
Current healthcare Gap in <50% is actually Populations Disconnect
and human services accuracy evidence-based Require more with outcomes
industries care
The problem is one of precision and productivity, not of
. diseases, gadgets or healthcare y
B \'f/
$E () | o _
e S, Now the new vision of healthcare is
E—-"‘ () about Precision-based Predictive,
Access Preventive and Participatory care
@. () | models promoting social and financial
o | inclusion.
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Biobank - provide clinical research support that translates into

bedside diagnostics and treatments, and advances research technologies into clinical applications

Omics Factors
(Rx / Dx Factors)

» Patient History
* Electronic Medical

Records (EHR) MDx and NGS Molecular
* Qualitative Patient Informatics Imaging Dx
Feedback

\ 4
e o e o e e o

Point-of-Care
Testing

CDx Biomarkerand
Targeted Therapeutics

Screening Reports
Vitals Sign Monitoring
Medication Adherence
mHealth Devices and
Apps

Disease Biomarker
Disease Subtypes
Molecular Sub-populations
Omics-based Risk Profiles
Demographics
Socio-economic

Clinical Features

Lifestyle

* Preferences

Health History

Environmental

Molecular /

Health and

Clinical Decision Safety

Support

Medication
anagement
Solutions

Lifestyle ' Digital Health
Tracking =~ Coaching

Patient
Engagement

Clinical and Remote
Care Factors

Remote
Patient
Monitoring

Predictive
Health
Analytics

Personalized
Wellness and
Fitness

Note: The text boxes indicate key data sources generated by each segmentfor patient stratification.

Lifestyle and
Exogenous Factors

Y

* Environmental

» Personal preferences

» Lifestyle—diet, activity,
mental wellbeing

» Socio-economics

B core Precision Medicine



Biobank service

Technology

Development

Biobank Software New Biobank Installation Services

Data as a Service

Pharma Biobank Networking

Text/Data Mining using Al
Real World Data analysis

Patient Recall

ical Dx Proteomics

Digital Pathology
Biospecimen Lipidomics
oficiency Testing

Extraction of Protein,
archDNA/RNA, cfDNA etc.

Biomarker Validation
Flow Cytometry

Prospective Sample Collection
Translational

Research

Tissue Microarray Blocks

Quality Control of
Biospecimens
Sample Collection and
DNA Freeze Drying/Exome Storage

aliquoting/quantification Isolation LIMS

Consultation and Project
Management






