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Precision Health
Start from a healthy state before illness

2

source: Academician Yang PC (2020 BTC )

• Precision Medicine
- Precision Clinical: Elevating Healthcare Quality
- AI Big Data: Driving Medical Innovation

• Precision Health
- Home Care Automation: Reducing Medical 

Dependency
- Personalized Preventive Medicine: Enhancing 

Healthy Lifespan

◼ Predict, prevent, diagnose, and treat diseases accurately based on genetic, 

environmental, lifestyle, and molecular differences.

Patient Population

Sub-Healthy Population

Healthy Population



Big data in biomedical field

3https://www.seekpng.com/ima/u2y3w7q8i1e6a9i1/

1 EB = 106 TB



From big data to decision

4https://www.frontiersin.org/articles/10.3389/fdigh.2018.00013/full



Our role-> Fortune telling
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Our goal
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Medical and Health Big Data
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◼ Complex biomedical data, inspiring innovative medical device and new 

service models

◼ Retrospective biological data (such as specimens, genetic information), 

studying new drug and cell therapy targets

Medical 

Biological 

Imaging

•3D MRI (150MB)

•3D CT(1GB)

•Mammography(120 MB)

•X-ray(30MB)

•Pathological slides(1GB)

Physiological 

signals/

Lab Values

•Electrocardiogram(1MB/month)

•Blood oxygen(9KB/month)

•Blood pressure(9KB/month)

•Body temperature(6KB/month)

•Blood sugar(18KB/month)

•Body weight(6KB/month)

Biobanks

•Biological Database(31)

•NHI Research Database

•EMR Database

•Taiwan Cancer Registry 

Database

•Taiwan Rare Disease Database

Multiomic

s

Big data

•Base calling(5TB)

•Data source disaggregation(300GB)

•Transcriptome assembly of

unknown species(200GB)

•Sequence alignment/merging(40GB)

•Functional annotation(150GB)

•Gene differential expression 

profiling(2GB)

•Gene mutation sites(300GB)

◼ Smart Medical
• Image diagnostics
•Precision health 

management
•Personalized early 

screening
◼ Smart Healthcare
•Home-based chronic 

disease care
• Long-term support

management
◼ Smart Health
•Preventive lifestyle 

management
•Enhancing health

◼ Biobanks
•Precision cancer innovative 

therapies

Medical

Data



Taiwan Cancer Registry
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Taiwan Cancer Registry

• Nationwide population-based cancer registry (population : 23+ 

million)

• since 1979 (the first nationwide PBCR in Asia)

• +100,000 cancer patients per year

• Case reporting : 219 hospitals with beds >50 in Taiwan

• Legally required to report : Cancer Control Act (enacted 2003)
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Cancer Registration Items 
(total 115)
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Item name (example) Item name (example)

CASE IDENTIFICATION STAGE OF DIEASE AT INITIAL DIAGNOSIS

Reporting hospital code Date of surgical diagnostic and staging procedure

Medical record number Surgical diagnosis & staging procedure

Personal identity number TNM – Clin T /N /M

Sex TNM – Clin stage group

Date of birth TNM – Path T  /N /M

Residence code TNM – Path stage group

CANCER IDENTIFICATION Stage (prefix/suffix) descriptor - Clin / Path

Age at diagnosis AJCC staging edition

Sequence number Other staging system

Class of case Other staging – Clin / Path

Date of diagnosis Size of tumour

Primary tumour site (ICD-O) Perineural invasion

Laterality Lymph-vascular invasion

Histology (ICD-O) Number of examined nodes

Grade – Clin / Path Number of positive nodes

Diagnostic confirmation

Date of first microscopic confirmation



Quality Indicators for Taiwan 
Cancer Registration Database
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Note:  DCO %: death certificate only (DCO) percentage
M/I: mortality verse incidence ratio (only included invasive cancer cases) 
MV%: microscopically verified percentage
Timeliness: duration from the date of diagnosis to the date when the database close

Criterion

Year

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 

Completeness,% 97.7 98.4 98.4 98.2 98.2 98.4 98.3 98.2 98.4 98.1 

DCO % 0.8 0.7 0.9 0.9 0.8 0.9 0.8 0.8 0.7 0.7 

M/I % 44.8 44.3 44.0 43.8 43.5 43.9 41.7 40.9 40.7 41.1 

MV % 91.2 91.4 91.8 92.3 92.6 92.8 93.2 93.5 94.1 94.4 

Timeliness, month 17 17 17 16 16 14 14 14 14 14



2021 annual TCR report
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Most common type of cancer 
incidence in 2018 among women
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154 / 185 = 83%



Incidence and mortality rates of breast 
cancer patients in different races
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Ratio of mortality rate to incidence 
rate for breast cancer
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Study aims

• To develop the prognostic models to 

predict the breast caner-specific survival

and overall survival for breast cancer 

patients

• To investigate the racial difference 

between the Asian population and non-

Asian population
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Adjuvant online
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Imagine the case: 
40 years old, chemobenefit : 10% 
Receive treatment or not ?

Imagine the case: 
40 years old, chemobenefit : 3% 
Receive treatment or not ?

Imagine the case: 
90 years old, chemobenefit : 3% 
Receive treatment or not ?



Analysis flow chart
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TCR data
Patients selection

External validation by 

SEER data

1. Cox proportional hazard model

2. Multivariable fractional polynomial (MFP) approach



Calibration of prediction performances
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Calibration of prediction performances in 
different populations
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Breast cancer survival prediction by Taiwan
Cancer Registry data1

21https://preparetaiwan.org/zh_tw/prediction/breast_cancer



Breast cancer survival prediction by Taiwan
Cancer Registry data2

22https://preparetaiwan.org/zh_tw/prediction/breast_cancer



Colon cancer
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Colon cancer survival prediction by Taiwan
Cancer Registry data
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Head and neck cancer
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Ovarian cancer
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Can we do better?

• In addition to clinical variables, what can we have?

– Genetics (DNA)

– Gene expression (RNA)
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Microarray
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http://thunder.biosci.umbc.edu/classes/biol414/spring2007/index.php



Gene expression microarray data
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Samples

Probes

Affymetrix u133plus2.0 : 54675 probes



PAM50
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J Clin Oncol . 2009 Mar 10;27(8):1160-7. doi: 10.1200/JCO.2008.18.1370. 

Whether survival curves are the same 
between Asian and Western in the 
PAM50 subtypes?



GEO datasets in this study
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Sample characteristics
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Overall survival curves between 
Asian and Western populations
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Study aims

• To further divide the breast cancer 

samples based on PAM50 subtypes into 

different subgroups based on the tumor 

infiltration lymphocytes (TILs)

• To elucidate the prognostic impact of TILs

in breast cancer patients between Asian 
and Western populations 

34



Tumor infiltrating lymphocytes (TILs)

35
Immunology, 150, 25–34



Impact of TILs in prognosis in 
cancer patients

36Current Opinion in Immunology 2016, 39:7–13 

CD4+ T cells

CD8+ T cells

M1 macrophage

Type 1 helper T cells

Mature DC

Regulatory T cells

M2 macrophage

Immature DC

Good ones
Bad ones



ESTIMATE algorithm
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Immune cell scores in different PAM50 subtypes
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KM curves further divided by the 
abundances of TILs
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CIBERSORT algorithm

40

Nature methods | VOL.12 NO.5 | MAY 2015 | 453



Impact of prognosis in breast cancer patients 
between Asian and Western populations

41

Asian Western



Ovarian cancer

42Taiwan cancer registry (TCR) and Global Cancer Statistics 2020

New case Death

2020 Global 313,959 207,252

2019 Taiwan 1,559 683

5-year survival for all stages 

• Taiwan: 63.68%

• SEER (USA): 56%

Stage Taiwan USA (SEER)

I 43.60% 22%

II 8.20% 8%

III 25.80% 37%

IV 12.40% 28%

Unknown 10.00% 6%



Chemotherapy NCCN guideline in OV

43

check

chemotherapy

Stage IA or Stage IB

Grade 2

Grade 1

Stage II to Stage IV 

Else Stage I

72.56% 

Taiwan

60.65% 

Receiving chemotherapy 

Stage I 

All Stages
NCCN guideline clinical practice guideline of gynecological oncology



Development of a GE model
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After surgery

Predicted by a model

Follow up

Chemotherapy

Low risk

High risk

Gene expression

C𝟏𝟎
𝟓𝟒𝟔𝟕𝟓 = 𝟔. 𝟔 ∗ 𝟏𝟎𝟒𝟎

54675 probes



Sample Probe 1 Probe 2 Probe 3 Probe 4 Probe 5 Probe 6 Probe 7 Probe 8

8.21 6.74 11.10 3.76 6.34 6.57 7.36 4.59

6.09 6.61 10.37 3.65 6.38 5.47 8.30 4.45

8.95 7.11 10.94 4.54 6.08 5.88 7.60 5.38

9.22 7.05 10.48 3.87 6.09 6.38 5.02 4.90

9.27 6.73 11.28 3.69 6.15 6.32 6.95 5.30

8.21 7.21 11.29 3.94 6.51 5.86 7.10 4.70

Genetic algorithm (GA)-Xgboost modeling
(optimization)

45

Xgboost
Probe 1 Probe 5

Probe 6 Probe 7 Probe 8

• Sensitivity

• Specificity

• Accuracy

Model 1 

Hsiao et al. JARE 2020



GA-xgboost modeling
(optimization)

46Hsiao et al. JARE 2020



Prediction performances in external datasets

47Hsiao et al. JARE 2020



Survival differences between patients with high 
and low risks

48Hsiao et al. JARE 2020

20,000 * 1,500 * 0.05 = 1,500,000
Chemo    Patient  Percentage    Cost per month



Can we do better?
(a little bit earlier)

• In addition to clinical variables, what can we have?

– Genetics (DNA)

– Gene expression (RNA)

49
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Angelina Jolie’s cancer risk
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https://innovatemedtec.com/content/the-angelina-jolie-pitt-cancer-story



Angelina effect -> more people get screening

52

https://edition.cnn.com/2015/03/24/health/angelina-jolie-did-the-right-
thing/index.html



Global Biobanks

53

Nat Med . 2020 Jan;26(1):29-38.



Taiwan Biobank
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Taiwan Biobank 
recruitment stations

Formulated 80 SOPs + 200 documents to 
implement



Taiwan Biobank Data
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General population cohort

Bone mass density (DXA)

Abdominal ultrasound

Carotid ultrasound

ECG

With Medical Images (25,979)

1st Follow-up* (46,561)

Baseline* (189,131)

Whole Genome 

Genotype (146,376)

Whole Genome 

Sequence (2,004)

DNA Methylation (2,469)

Urine Plasticizer (1,799)

HLA type (1,097)

NMR Metabolome (3,196)

Plasma:

2,125,648 tubes (0.4 ml)

Urine:

1,287,328 tubes (1.5 ml)

Extracted DNA:

1,729,556 ug 1.5 
Petabytes

Enrolled: 200,000

600+ incident cancer cases

Thyroid Ultrasound

串聯健保資料庫



Whole Genome Sequencing 
(Taiwan biobank)
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Journal of Advanced Research 30 (2021) 147–158



Variants related to pharmacogenomics 
in different populations 
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DNA imputation

• To get genotypes of loci without being sequenced

58https://zhuanlan.zhihu.com/p/53564008



Multi-ethnic Imputation System
(MISystem)

59

https://misystem.cgm.ntu.edu.tw/



Brugada Syndrome (BrS)

• 4% - 20% sudden cardiac death

• Incidence

– 1 to 5 per 10,000 in white people

– 12 per 10,000 in southeast Asian

– 10 per 10,000 in Taiwanese 

• Normal heart structure, normal heart ECG

• Normal image and biochemical test

60Juang et al. J Arrhythmia. 2016 Oct; 32(5):418-425



Validations of the 3 risk loci in Taiwanese

61Juang et al. Cir Genom Precis Med. 2020 Aug 13(4):e002797

Mayo Clinic Genetic Heart Rhythm 

Clinic, USA



A GWAS in breast cancer
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Data before imputation:
Already filtered by
SNP call rate < 0.95 & 
genotype call rate < 0.95 &
Hardy-Weinberg equilibrium p-
value < 10−6

Imputed data:
Already filtered by posterior 
likelihood of called genotypes 
> 0.9 and info score > 0.7

2,496 breast cancers
9,984 controls

CMUH data before 
imputation

152,534 samples
714,457 SNPs

Remove control SNPs
152,534 samples

714,374 SNPs

Remove non-autosomal SNPs
151,270 samples

674,427 SNPs

Keep breast cancer patients and controls 
(~10 age-matched controls per case)

27,827 samples
674,427 SNPs

Cryptic relatedness check
Remove IBD > 0.1875

25,326 samples
674,427 SNPs

Select 4 controls for every case

CMUH imputed data
152,434 samples
18,609,316 SNPs

Keep cases and selected controls
12,480 samples

18,609,316 SNPs

Principle Component Analysis

Logistic regression
(adjusted age, gender, 10 PCs)

Visualization by Manhattan plot

Annotation of significantly 
associated SNPs

Gender check
151,270 samples

714,374 SNPs

• age at sample collection of the 
controls vs. the age at breast 
cancer diagnosis of the cases

• controls with age no more than 
3 years older or younger than 
the cases were also included to 
ensure sufficient controls of 
matched age



113 Significant SNPs
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Underlined: novel SNPs

• 113 SNPs were identified
• 50 of which were novel SNPs



Racial differences
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Fig. 1 | Ancestry of GWAS participants over time, as compared with the

global population. Cumulative data, as reported by the GWAS catalog76.

Individuals whose ancestry is ‘not reported’ are not shown.



Odds ratios of PRS in different 
PAM50 subtypes

65

OR
95% CI 

lower

95% CI 

upper
P values

Basal-like

20-40% 1.00 0.28 3.57 1.00

40-60% 1.48 0.48 4.94 0.48

60-80% 1.64 0.54 5.40 0.37

80-100% 2.28 0.81 7.21 0.11

Her2-

enriched

20-40% 1.00 0.28 3.61 1.00

40-60% 1.00 0.28 3.61 1.00

60-80% 1.32 0.40 4.53 0.63

80-100% 2.28 0.80 7.28 0.12

OR
95% CI 

lower

95% CI 

upper
P values

All breast 

cancers

20-40% 1.25 0.82 1.91 0.29

40-60% 1.98 1.35 2.94 4.7 × 10−4

60-80% 1.77 1.20 2.65 4 × 10−3

80-100% 5.33 3.79 7.66 1.3 × 10−23

Luminal A

20-40% 1.28 0.70 2.38 0.42

40-60% 1.85 1.05 3.32 0.031

60-80% 3.22 1.92 5.59 7 × 10−6

80-100% 3.55 2.13 6.14 7.7 × 10−7

Luminal B

20-40% 3.91 1.12 19.10 0.046

40-60% 2.31 0.58 12.00 0.32

60-80% 4.55 1.34 21.93 0.016

80-100% 4.23 1.23 20.51 0.027



Take home message

66Prosperi et al. BMC Medical Informatics and Decision Making (2018) 18:139



Thank you for your attentions!
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Tzu-Pin Lu

Institute of Health Data Analytics and Statistics, 

National Taiwan University
tplu@ntu.edu.tw


