fiads.., MHRRA,
| M — -
-
I Tzu Pin Lu

tplu@ntu.edu.tw
Institute of Health Data Analytics
and Statistics,
National Taiwan University

Sep 2018 Quest: Science for South Africa 05/15/2025
https://www.shutterstock.com/zh/imagevector/big-data-medicinedigitizationall-sorts1363311101



mailto:tplu@ntu.edu.tw

PrecisiorHealth
Startfrom a healthy state befordlness

A Predict, prevent, diagnose, and treat diseases accurately basedametic
environmental lifestyle, and molecular differences.

/ } 8

Patient Population
L o

SubHealthyPopulation

A Precision Medicine
- Precision ClinicaElevating Healthcare Quality ™
- Al Big DataDriving Medical Innovation

A Precision Health
- Home Care AutomationReducing Medical ~ MEDCACRGBO!
Dependency
- Personalized Preventive Medicin&nhancing
Healthy Lifespan

Healthy Population




Exabytes (EB)

Big data in biomedical field

2.500

2.000

1.500

HEALTHCARE DATA

1.000 -

500 -

2013 2014 2015 2016

2017 2018 2019 2020
1 EB = 10TB

https://lwww.seekpng.com/ima/u2y3w7q8ile6a9il/




From big data to decision

A

hi-definition
medicine data
\ augmented
C transcriptomics ERga
; ‘ > capacity by
g other omics. new actionable
) _ extended knowledge
g genqmlcs decisions by
= 1 N integrated data
8_ _________ e y
© ) limit of human cognitive capacity 1
© guessing
- - human
data-driven - cogniive
decisions capacity
>

earlier 1950 2000 2005 2015
time (progress & tech advances)

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



Our role> Fortune telling
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Medical and Health Big Data

~

edical
Data

A3D MRI (150MB)

A3D CT(1GB)
AMlammography(120 MB)
AX-ray(30MB)
ApPathological slides(1GB)

AElectrocardiogram(1MB/month)

ABlood oxygen(9KB/month)
ABlood pressure(9KB/month)

ABody temperature(6KB/month)

ABlood sugar(18KB/month)
ABody weight(6KB/month)

Physiological

S
ab Values

A Smart Medical
Aimage diagnostics
ApPrecision health

management
APersonalized early
screening

A Smart Healthcare
AHomebased chronic

disease care
ALongterm support
management

A Smart Health
APreventive lifestyle

management
AEnhancing health

A Biobanks

APrecision cancer innovative

therapies

Biobanks

Multiomic
S
Big data

A Complex biomedical data, inspiring innovative medical device and new

service models
A Retrospective biological data (such as specimens, genetic information),

studying new drug and cell therapy targets

ABiological Database(31)

ANHI Research Database

AEMR Database

ATaiwan Cancer Registry
Database

ATaiwan Rare Disease Database

ABase calling(5TB)

AData source disaggregation(300GB)

ATranscriptome assembly of
unknown species(200GB)

ASequence alignment/merging(40GB)

AFunctional annotation(150GB)

AGene differential expression
profiling(2GB)

AGene mutation sites(300GB)



Taiwan Cancer Registry
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Taiwan Cancer Registry

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

million)
A since 1979 (the first nationwide PBCR in Asia)
A +100,000 cancer patients per year
A Case reporting : 219 hospitals with beds >50 in Taiwan
A Legally required to report : Cancer Control Act (enacted 2003)
FERASERERS EEE S

Taiwan Cancer Registry Center
Health Promotion Administration, Ministry of Health and Welfare



Cancer Registration ltems
(total 115)

ltem name (example)

ltem name (example)

CASE IDENTIFICATION
Reporting hospital code
Medical record number
Personal identity number
Sex
Date of birth
Residence code

CANCER IDENTIFICATION
Age at diagnosis
Sequence number
Class of case
Date of diagnosis
Primary tumour site (ICD-O)

Laterality
Histology (ICD-O)
Grade 1T Clin [/ Path

Diagnostic confirmation
Date of first microscopic confirmation

STAGE OF DIEASE AT INITIAL DIAGNOSIS
Date of surgical diagnostic and staging procedure
Surgical diagnosis & staging procedure

TNM 7T Clin T [/ N [/ M
TNM 7T Clin stage group
TNM T Path T /I N | M
TNM T Path stage group

Stage (prefix/suffix) descriptor - Clin / Path

AJCC staging edition

Other staging system

Ot her staging ¥ Clin [ P
Size of tumour

Perineural invasion

Lymph-vascular invasion

Number of examined nodes

Number of positive nodes




Quality Indicators for Taiwan
Cancer Registration Database

Year

2011201220132014201520162017201820192020

Criterion

Completenes$p 97.7 98.4 98.4 98.2 98.2 98.4 98.3 98.2 98.4 98.1

DCO% 08 07 09 09 08 09 08 08 07 07
M/ % 44.8 44.3 440 43.8 435 439 41.7 40.9 40.7 41.1
MV % 91.2 91.4 91.8 92.3 92.6 92.8 93.2 935 94.1 94.4

Timelinessmonth 17 17 17 16 16 14 14 14 14 14

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
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Most common type of cancer

Incidence in 2018 among women

(5]
o
e ® ®
Incidence, females
Breast (154)

Cervix uteri (28)

Liver (1)

Lung (1) e

Thyroid (1)
e e 154 /185 = 83%
The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever Data source: Globocan 2018 é‘/ WOI'ld Health
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, Map production: IARC \; Organization
or concerning the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines World Health Organization e
for which there may not yet be full agreement. © WHO 2018. All rights reserved
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Incidence and mortality rates of breast
cancer patients in different races

Breast Cancer Incidence by Race (2013)
CDC'’s National Program of Cancer Registries and

National Cancer Institute’s Surveillance, Epidemiology,

and End Results program

150

123.7 124.4 122.9

100 .
5 92.5 914

723

50

All cases White Black Hispanic API A/AN

Breast Cancer Incidence by Race

Breast Cancer Mortality Rates by Race (2008 to 2012)
Surveillance, Epidemiology, and End Results program, National Cancer Institute,

2015
40
3
30
(=]
o
o
§ 219
g 2
Q
"
) 15 145
8
14
10
0
Black White Al/AN Hispanic API
Race/Ethnicity
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Ratio of mortality rate to incidence
rate for breast cancer

Mortality rate compared to incidence rate for
invasive breast cancer

Ratio of Mortality rate compared to incidence rate
=] [ =] =] [ =] = - —
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Study aims

A To develop the prognostic models to
predict the breast caner-specific survival
and overall survival for breast cancer
patients

A To investigate the racial difference
between the Asian population and non-
Asian population

16



Adjuvant online

Imagine the case:
40 werans @ltichemobeneht 3%
Receive treatment or not ?

Patient Information

Axe 58

Comorbidity: [Puro.-x Health ;]
ER Status Positive -

Tumor Grade: Grade 3 -

Tumor Size 0.1-10cm =

.

Positive Nodes: |0 -

Caleulate For

]

Relapse =

10 Year Risk: 21

i

Adjuvant Therapy Effectiveness

Hormn I:\wmax:mc Inhibitor for 5 yrs

H

No additional therapy:

I 75.0 alive and without cancer in 10 years.
B 20.6 relapse.
. 4.4 dic of other causcs.

With hormonal therapy: Benefit = 10.8 without relapse.

With chemotherapy: Benelit = 4.4 without relapse.

With combined therapy: Benefit = 13.0 without relapse.

Chemo: |(»\*4,('.\“-.lusnx'vo :I

Figure

Caption

Figure 1. Prognostic data based on population-
based analysis with Adjuvant! Online version 8.0

[4].

This figure was uploaded by Barbara A
Pockaj
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Analysis flow chart

90,841 patients diagnosed with breast
cancerinJan. 1,2011 to Dec. 1, 2015 TC R data

Patients selection l

NoewpE

Dead before receiving treatment (N=58)

8. Diagnosis not confirmed by histology (N=91)

Without engaging in any treatment at the reporting hospital (N=19,075) 9. Under age 18 at diagnosis(N=4)
Tumor size = 989 mm or a cancer of unknown primary origin (N=540) 10. HER2- but receiving target therapy (N=214)

Transferring to other hospitals (N=9,314)

11. ER- and PR- but receiving hormone/steroid therapy (N=173)

Date of death earlier than the date of diagnosis (N=1) 12. Without surgery (N=2,844)

Suffering from other malignant tumors (N=3,493)
Male (N=210)

13. Receiving radiation therapy before surgery (N=37)
14. Pathologic stage 0 (N=8,007)

46,780 patients remained

included variables in TCR data (N=25,783)

Incomplete data due to missing value

included variables in SEER data (N=25,363)

Incomplete data due to missing value

|

20,997 patients included in analysis
(13,998 patients in training data;
6,999 patients in testing data)

v External validation by

21,417 patients included in analysis

(14,278 patients in training data; SEER data

7,139 patients in testing data)

!

|

survival (Model 4) and Internal validation

Model development for breast cancer-
specific survival (Model 2) and overall

Model development for breast cancer- External 49,374 patients in white of SEER data
specific survival (Model 1) and overall 6,811 patients in black of SEER data

y

survival (Model 3) and Internal validation validation 3,086 patients in Asian of SEER data

Fia. 1 Flow diagram of exclusion criteria and statistical analysis

1. Cox proportional hazard model
2. Multivariable fractional polynomial (MFP) approach

18



Calibration of prediction performances

Table 4 Model calibration of breast cancer-specific mortality regressed on prognostic variables in SEER data

Breast cancer-specific survival Overall survival
Calibration year Observed Predicted P value Observed Predicted P value
Training data
1 51 5264 0.821 a3 83.87 0924
2 229 236.75 0615 316 31783 0918
3 363 37345 0589 481 475.71 0.808
4 425 42294 0920 569 544.60 0.296
5 348 350,04 0913 466 456.30 0650
6 220 21538 0.753 290 27541 0379
Testing data
1 33 2528 0.125 47 41.21 0367
2 109 114.89 0583 142 157.12 0228
3 177 18281 0.668 237 23748 0975
4 202 20635 0.762 266 27031 0.793
5 176 17228 0777 227 226.75 0987
6 96 104.32 0416 129 133.50 0697
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Calibration of predictiomerformances in
different populations

Table 4 Model calibration of breast cancer-specific mortality regressed on prognostic variables in SEER data

Breast cancer-specific survival Overall survival
Calibration year Observed Predicted P value Observed Predicted P value
White
1 236 13235 < 0.001 416 24511 <0.001
2 472 43207 0.055 805 666.75 < 0.001
3 554 57083 0481 905 83499 0015
) 378 42684 0018 617 62831 0652
5 — - — — - —
6 - - - - - -
Black
1 47 2932 0.001 87 43.98 < 0.001
2 132 90.05 <0.001 194 115.66 < 0.001
3 138 115.04 0032 195 141.00 <0.001
4 99 86.07 0.164 146 106.57 <0.001
g - - - - - -
&) — - — — - —
Asian
1 10 757 0377 23 13.93 0.015

22 2451 0612 43 38.03 0421
21 29.84 0.106 43 4416 0862
2331 0.191 29 33.42 0445

(o T W B S E B o
~]




Breast cancer survival prediction by Talwan
Cancer Registryata

Welcome to the Taiwan Breast Cancer Prediction System!

The prediction system is constructed using clinical data from 90,841 breast cancer patients in the Taiwan
Cancer Registry database between 2011 to 2015, and validated using clinical data from 49,374 breast
cancer patients in the U.S.-based Surveillance, Epidemiology and End Results (SEER) database.

To start, please select the information below.

Font Size: ‘ small ‘ [ Medium H Large ‘

Age e v | PR status e ‘ Positive H Negative H Unknown ‘

Age must be between 18 and 93

Tumor size e v |
)

The unit of tumor size is millimeter (mm)

Regional lymph nodes v |

examined

HER2 status e ‘ Positive H Negative H Unknown ‘

Distant Metastasis e
Micrometastasis e
Regional lymph nodes 0 o | Tumor direct extension to e

positive the chest wall and/or to the

skin
Tumor grade e 2
E| E| Lymph vessel or vascular e

ER status e ‘ Positive H Negative H Unknown ‘ invasion, LVI

Lymph vessel or vascular invasion

https://preparetaiwan.org/zh_tw/prediction/breast_cancer
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Breast cancer survival prediction by Talwan
Cancer Registgate’

Treatment options m

Please note that the patients need to consult with their medical doctors

Hormonelsteroid = before making any decision.

therapy

Hormone/ steroid therapy is available when ER status is positive

Chemotherapy Yes
Radiotherapy Yes
Targeted

The analysis is for women who had undergone surgery.The
table shows the 1-, 3- and 5-year survival rates,based on the
treatment you have selected.

HEES

therapy
Additional Overall
Treatment
catmen Benefit Survival(%)
Surgery only - 33.72%

Mortality rate compared to incidence rate for

invasive breast cancer .
+Hormone/Steroid

therapy 27.27% 60.99%
3 : +Chemotherapy 11.46% 72.45%
:
i a; +Radiotherapy 6.72% 79.17%
; :5 l l +Targeted therapy 7.79% 86.96%

White African American Hispanic Asian or Pacific Native
Istanders American/Alaskan

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



Ann Surg Oncol
https://doi.org/10.1245/s10434-021-1064

Predicting Colon Ca
Population Using Na

Han-Ching Chan, MS', Chi-Che
Kuan-Hung Yeh, BS?, Wen-Chu
Skye Hung-Chun Cheng, MD?, :

Colon cancer

56,457 patients diagnosed with colon cancer

between Jan_ 1, 2007 and Dec. 31, 2015

Exclusion criteria 1

treatment

(4,685)

Duplicated ID patients records (N = 7,101)
Irregular ID patients records (N = 3)
Without surgery (N = 5,670)

Missing data on date of diagnosis and

undergoing s N = 4337
. Dateofde%liug:ewman!}w )

N = 2)
. i)lagnuscd with colon cancer but had no
rds (N = 2.221) .
« Diaj cancer was not the first case of cancer 3 |g6)
: " ¢ Tumor size > 100 mm (551)
« Suffering from other malignant tumors (N = ). Pathologic stage was 0 (N = 321)

date of diagnosis

Dead before receiving treatment (N = 69)
Receiving therapy before surgery (N = 2,.272)

Dia, is was not confirmed by histol (N=17)
Unlgﬁ/n of tumor size (N = 4.{)37) logy
Unknown of tumor grade (N = 1,055)

Unknown of status of lymph nodes (N = 705)

« Missing data on pathologic stage TNM records (N =

6
A)ge at diagnosis was under 20 or over 80 (N =

l

20,218 patients remained J

[

l Il Model Il[ {Model 2
20,218 patients included in analysis
(14,152 patients in training dataset,
6,066 patients in testing dataset)
Exclusion criteria 2
1 . \ :

Model development (Model 1) for colon
cancer-specific survival and internal
validation

4,982 patients included in analysis
(3,487) patients in training dataset.
1,495 patients in testing dataset

J

External validation

18,231 patients in white of SEER data
2,943 patients in black of SEER data

1,496 patients in Asian of SEER data

v

cancer-specific survival and internal
validation

Model development (Model 2) for colon

Missing data on concircumferential resection
margin (CRM), perineural invasion, obstruction
and perforation which recorded from 2011
(N = 15,236)

23



Coloncancer survival prediction by Taiwan
Cancer Registiyata

Age
Age must be between 18 and 93

Regional lymph nodes
examined

Circumferential resection
margin (per 0.1 mm)

Pathologic stage

Obstruction

e v

9 ‘ Positive H Negative H Unknown ‘

e ‘YesH No H Unknown|

Tumor size e v

The unit of tumor size is millimeter (mm)

Regional lymph nodes e v

positive E—

Tumor grade e EBB
Perineural Invasion e | Yes H No H Unknown ‘
Perforation 0 | Yes H No H Unknown ‘

= €D
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Head and neck cancer

Journal of Epidemiology and Global Health
https://doi.org/10.1007/544197-024-00196-7

RESEARCH ARTICLE

Pobulation-Based Proanostic Models fc

Welcome to the Taiwan Head and Neck Cancer Prediction System!

Inclusion af 67,828 paters diagnoasid with HEN cancer
from Jan. 01, 2013 to Dec. 31, 3018

Exclusion ortena l

VLot racrlodinn s brs bk a8 Vs, e action Warmlval (oS00 |

The prediction system is constructed using clinical data from 49,137 head and neck cancer patients in the

Taiwan Cancer Registry database between 2013 to 2018.
To start, please select the information below.

@ -

Apge must be betwesn 20 and 20

Tumor size e P

The unit of tumor size is milllmeter (mm)

Height{cm) -

Weight(kg) ”

@ [0 [s][¢][enaom]

Pathological stage

Font Size: | Small | [uedmn H Large |

Tsumor site

| Orral Cavity || COropharynx || Hypopharynx || Salivary Glands | | Larynx |

Maximum lymph node 9
diameter

| Mo Metastasis || 13 mm | | 10-13 mm | | 20-23 mm || 30-33 mm || 40-49 mm |

| 0-39 mm || == §0 mm | | Unknown |

9 | Hever || Sometime || Usually |
@

Alcohol consumption

Tobacco smoking

4,588 Black pateeris in the SEER data

24,410 White pathents in the SEER data
2,001 Aslan patients in the SEER data

25



Ovarian cancer

m 5622 patients diagnosed with ovarian cancer
in Jan. 1, 2009 to Dec, 31, 2015
+ exclusion criteria 1
Pre 1. Without engaging in any treatment at the reporting hospital Missing data in
(N=116) 8. PathologicT
2. Dead before receiving treatment (N=16) 9. Pathologic N
ca r 3. Under age 18 at diagnosed (N=142) 10. Pathelegic M
4. Diagnosis not confirmed by histology (N=360) 11. Tumor grade
A H 5. Without any treatment [N=64) 12. Regional Lymph Nodes Examined /Positive
6. Mo tumor at primary site (N=39)
. 7. Without surgery (N=222
Amrita 1 ot }
Wen-C | exclusion criteria 2

3510 patients remained | Missing data in CA 125 after treatment and
| residual tumor status and size after surgery

Model 1 |
1 1871 patients remained
Patients included in analysis |
(training data : testing data=9:1) Model 2
! +

Patients included in analysis

Model development for ovarian cancer-
(training data : testing data=9:1)

specific survival and internal validation

[y

External validation Model development for ovarian cancer-
specific survival and internal validation

2699 white patients from SEER data

225 black patients from SEER data
201 Asian patients from SEER data

FIG. 1. Inclusions and exclusion criteria for study subjects.



Can we do better?

A In addition to clinical variables, what can we have?
I Genetics (DNA)
I Gene expression (RNA)



Microarray

Make cDNA reverse transcript
Label cDNAs with flucrescent dyes

Control  Experimental Principle of cDNA microarray

assay for gene expression

%%g‘: &'3:;% (after Gibson & Muse 2002)

Red = "up-regulation”
Green = "down-regulation”

Black = constitutive
expression

http://thunder.biosci.umbc.edu/classes/biol414/spring2007/index.php



Gene expression microarray data

Probes

1
2
3
4
5
6
7
8
9

1D

1007 _s_at

1053 _at

117_at
121 _at
1255 g at

1294_at
1316_at
11320_at

1261478
'7.903758
7983277
10.00636

1.52182
10.05307
8.796633

5.95299?!

11.84253
8.143369
8.125691
10.05648
2.766601
9.986836
9.524082
6.743085

10 14051 at  9.002697 9.004427

Affymetrix ul33plus2.0 : 54675 probes

Samples

12.52451
8.830648
7.849639
1046377
3.275003

11.6857
6.998067
6.398354
12.43649

12.55463
9.397681
7.965634
9.743123
2.216496
9.058527
6.309369

£.88609
10.83128

12.9567
8.765905
8.6949388
9.803373

2.06613
9.671435
6.489771
6.493907
8.803543

12.24632
8.194851
8.2724772
9.160232
2.642343
10.54355
6.672373
6.956016
10.777742

GSMS401C GSMS401C GSMS401 1 GSMS401 1 GSMS401 1 GSMS401 1 GSMS401 1

13.00839
8.622835
8.231823
9.037198
1.766505
1007772
6.020401
6.456581
11.47862
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PAMS0

JClinOncol. 2009 Mar 10;27(8):1160. doi: 10.1200/JC0.2008.18.1370.

A . No adjuvant systemic therapy B 104 ER+
z g
= = s
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Whethersurvival curves arthe same
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EO datasets In this stu

Scarch “Breast cancer” in GEO
Datasets (n = B6,609)

Exclude:

Not Homo sapiens, n = 5,881

MNon Expression profiling by array, n = 78,746
Publication date before 20107171, n = 446
Sample count <100, 1 = 250

Review dataset information
(n=177)

Exclude:
Customized array, unavailable age, stage, or

prognosis information, n = 169

Data preprocessing
(8 GEO datasets + TCGA)

Remove duplicated cases
g— Remove stage IV disease

Remove unknown age or stage status

2,648 cases in total:

462 Asian, 2,186 Western

Figure 1. Study flow diagram. By applying searching filter,
177 studies were found. A total of eight data sets met selection
criteria in further evaluation.

Abbreviations: GEO, Gene Expression Omnibus; TCGA, The Cancer
Genome Atlas.



Sample characteristics

Table 1. Comparison of Estimation of 5tromal and Immune
Cells in Malignant Tumours Using Expression Data
(ESTIMATE) immune scores of breast tumors between Asian
and Western patients

Tumor Asian Western

subtype patients patients p value
All subtypes 1,187 1,014 <.0001
Luminal A 958 366 2008
Luminal B 1,091 323 0001
HER2-enriched 1,513 1,275 0593
Basal 1,477 1,381 4242
MNormal-like 1,317 1,187 5053

Abbreviation: HER2, human epidermal growth factor receptor 2.
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Overall survival curves between
Asian and Western populations

a All subtypes b Luminal A ¢ Luminal B
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Study aims

A To further divide the breast cancer
samples based on PAM50 subtypes into
different subgroups based on the tumor
infiltration lymphocytes (TILS)

A To elucidate the prognostic impact of TILs
IN breast cancer patients between Asian
and Western populations



Tumor Infiltrating lymphocytes (TILS)

Innappropriate
localization in
the breast cancer

environment

Immunoediting
prevents
CTL recognition

. of tumour

»®

CTL
recognition
of tumour
antigen

Death ligands
deactivate

Recruitment of or kill T cells

immunosuppressive
myeloid cells that =
suppress T-cell function

Immunology, 150, 25i 34
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Impact of TILs In prognosis In
cancer patients

Lack of TLS

Abundant immature DC
Abundant lymphocytes
Abundant M2 Macrophages
Highly vascularized
Abundant Fibroblasts

IL-1, IL-6 and TNF-a

TGF-B and VEGF

PD-L1 and PD-L2 expression

RegulatoryT cells
M2 macrophage

Immature DC

Bad ones

IB%/ Mature DC

© Tecel

M1 Mo @Mzmq,

)

D e e e e e e e

Immune neglected

”’termediate Progn°5\5

mature DC

Abundant CTL

Abundant M1 Macrophages
Intermediate vascularization
Intermediate Fibroblasts
IFN-y and CXCL13

Abundant TLS and associated

CD4+ Tcells

CD8+ T cells

M1 macrophage
Type 1 helper Tcells
Mature DC

Good ones

Lack of TLS, DC and CTL

Lack of cytokines

Intermediate vascularization
Intermediate Fibroblasts

Down regulation of MCH Class |
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ESTIMATE algorithm

The cancer genome atlas I Public database
Agilent 244K || Affymetrix llumina Affymetrix Agilent 4x44K Affymetrix
(G4502A) HT-HG-U133A || RNA sequence [|HG-U133Plus2.0 || (G4112F) human X3P
| 1 1 1 1 ]
][ 10,412 common genes ]I
1D GSMS401CGSMS401C GSMB4011 GSMS4011 GSMS4011 GSM54011 GSMS4011 _ l -
2 1007.s.at 1261478 1134253 1250451 1255463 12.9567 1224632 1300839 Gene filtering 1 (GSE1133) Gene Filtering 2 (TCGA_OV)
3 |1053.at  7.903758 8.143369 8.830648 9.397681 8.765905 8.194851 8.622835 Normal hematopoietic cells (n=12) High (n=14) versus Low (n=14)
4 1174t 7983277 8125601 7.849639 7.965634 8604983 8272472 8.231823 versus other normal cells (n=77) immune cell infiltrating samples
5 120at 1000636 1005648 1046377 9743123 9.803373 9.160232 9.037198
6 1255 g at 152182 2766601 3275003 2216496 2.06613 2642343 1.766505 Fold change > 2 [ Fold change > 2
7 1294 at 1005307 9986836 116857 9.058527 9671435 10.54355 10.07772 gq-value < 0.0001¢ v g-value < 0.0001
8 13162t 8796633 9.524082 6.998067 6.300360 6489771 6.672373 6.020401 ' l
19 1320 2t [5.952007] 6743085 6398354 633600 6.493907 6.956016 6456561 9,190 genes 1,222 genes 447 genes
10 |1405_i_at 9002697 9.004427 1243649 1083128 85803543 1077742 1147862
Gene filtering 3
(GSE9899, GSE 14548 and GSE35602)
Tumour versus stroma

Gene filtering 4
+| Extract genes with low
variability in CCLE (n=451)

Gene filtering 5
| Extract low expressed genes
in glioma stem-like cells (n=25)

=

Fold change > 2
g-value < 0.0001

14

T

161 Common genes

Selection of top-ranked 141 genes
after sorting by SAM score

(141 genes)

Combine
.
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Immune cell scores in different PAM50 subtype:

Table 2. Associations of Estimation of Stromal and Immune Cells in Malignant Tumours Using Expression Data (ESTIMATE)
immune score (high versus low) with OS5 and DFS, stratified by race and PAMS50 subtype (adjusted for age and stage)

o0s DF5

Race, PAMS0 subtype HR (95% Cl) p value HR (95% Cl) p value

Asian
All subtypes® 0.45 (0.28-0.71) <.0001 0.51 (0.34-0.77) 0014
Luminal A 1.34 (0.46-3.91) 5979 0.83 (0.35-1.95) 6713
Luminal B 0.51 (0.24-1.09) 0831 0.76 (0.39-1.48) A200
HERZ-enriched 0.53 (0.21-1.39) 1995 0.44 (0.19-1.04) 0610
Basal 0.05 (0.01-0.37) 0037 0.06 (0.01-0.44) 0056
MNormal-like 0.46 (0.03=7.98) 5925 NR®

Western
All subtypes® 0.64 (0.44-0.94) 0206 0.75 (0.60-0.92) 0061
Luminal A 0.80 (0.39-1.61) 5273 2.09 (1.11-3.94) 0226
Luminal B 0.66 (0.25-1.52) 3304 0.92 (0.65-1.29) 5245
HER2-enriched 0.66 (0.23-1.94) A544 0.40 (0.24-0.69) 0010
Basal 0.58 (0.28-1.22) 1532 0.60 (0.42-0.85) 0040
Normal-like 0.61 (0.20-1.84) 3781 1.33 (0.38-4.65) 6525

“Additional adjustment for PAMS0 subtype.

Cox regression failed because of collinearity.

Abbreviations: Cl, confidence interval; DFS, disease-free survival; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; MR, not
reached; 0%, overall survival; PAMS0, Prediction Analysis of Microarray 50.
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D GSMS401CGSM5401C GSM54011GSMS4011GSM54011 GSM54011GSMS4011
1007 s_at 1261478 11.84253 12.52451 1255463 12.9567 12.24632 13.00839
1053_at  7.903758 8.143369 8.830648 9.397681 8.765905 8.194851 8622835
117_at 7.983277 8.125691 7.849639 7.965634 8694988 8272472 8.231823
121 _at 10.00636 10.05648 10.46377 9.743123 9.803373 9.160232 9.037198
1255_g_at  1.52182 2.766601 3.275003 2216496 206613 2642343 1.766505
1294 at  10.05307 9.986836 11.6857 9.058527 9.671435 10.54355 10.07772

1316.at 8796633 9.524082 6.998067 6.309369 6.489771 6672373 6.020401 Bulk
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Impact of prognosis in breast cancer patients

between Asian and Western populations

Asian

Overall survival

A

Asian

Imnimiune Cell Type
Activated CD4 T cells
Memory B cells

CD& T cels

Resting mast calls
Resting CD4 T cells
Monocylas

M1 Macrophages
Gamma delta T cells
Resting NK cells
Activated NK cells
Regulatory T cells
Plasma cells

Resting dendritic calls
Follicular helper T cells
Naive CD4 T calls
Naive B calls
Activated mast cells
MO Macrophages
Activated dendritic cells
Neutrophils
Eosinophils

M2 Macrophages

Figure 4. Prognostic effects of individual immune cell subsets on overall survival. (A): Effects of cell subsets on Asian patients.
Adjusted for age, stage, and Prediction Analysis of Microarray 50 (PAMS0) subtype, activated CD4 T cells, memory B cells, and CD&
T cells were associated with better prognosis, whereas M2 macrophage was associated with worse prognosis. (B): Effects of cell
subsets on Western patients. The effects of activated CD4 T cells, CD8& T cells, and M2 macrophages were similar in Western

0.1

patients with breast cancer. * indicates p < .05.
Abbreviations: Cl, confidence interval; NK, natural killer.

Western

Western

Overall survival

95% CI. Imnimiune Cell Type 95% Cl.
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Ovarian cancer

New case Death
2020 Global |313,959 207,252
2019Taiwan |1,559 683
Stage Taiwan USA (SEER)
| 43.60% 22%
1 8.20% 8% | .
5-year survivafor all stages

I 25.80% 37% A Taiwan:63.68%

IV 12.40% 28% A SEER (USA): 56%
Unknown | 10.00% 6%

Taiwan cancer registry (TCR) and Global Cancer Statistics 2020



Chemotherapy NCCN guideline in O\

Gradel

Talwan

StagelA or Stage IB Receivingchemotherapy

Grade 2 OO

60.63%
Else Stage | 00
Stagel
check
Stage Il toStagelV 00 00 chemotherapy 72.56%
43
All Stages

NCCN guideline clinical practice guideline of gynecological oncology



Development of a GE model

Follow up
Predicted by a model
f High risk
After surgery Gene expression

ID GSMS401CoSMS401CosMs401Iosmsso11  Chemotherapy
1007_s_at 1261478 11.84253 12.52451 12.55463
1053_at  7.903758 8.143369 8.830648 9.397681
117_at  7.983277 8.125691 7.849639 7.965634
121 at 1000636 1005648 1046377 9.743123 54675 probes
1255_g at  1.52182 2766601 3.275003 2.216496
1204 at 1005307 9.986836 11.6857 9.058527 7 8 2
1316_at _8.796633 9.524082 6.998067 6.309369
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Genetic algorithm (GAXgboosimodeling
(optimization)

1000 |1|1|1]1 mm) Model 1
Probe 1 Probe 5 A Sensitivity
- Xgboost o A Specificity
Probe 6 Probe 7 Probe 8 A Accuracy

Sample [ Probe 1 Probe2 Probe3 Probe4 Probe5 Probe 6 Probe i Probe8

8.21 6.74 11.10 3.76 6.34 6.5/ 736 4.59
6.09 6.61 10.37 3.65 6.38 547 830 4.45
8.95 711 1094 454  6.08 588 7.60 5.38
9.22 /.05 1048 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 7.2 11.29 394 6.51 586 7.10 4.70

Hsiao et al. JARE 2020
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GAxgboostmodeling
(optimization)

*-#-é_..._

f(x) flx) + folx) A0 + L) + f3(x)

+ D 2
K

e Model: assuming we have K trees

A*a - Zf:l fk(mz)& fk SV

e Objective

Obj = S 1y 5:) + Sor_, Q(fe)
_ N

Training loss Complexity of the Trees

Q(ft)—"}T‘Fl)\Z l‘IU

Number of leaves L2 norm of leaf scores Hsiao et al. JARE 2020 4g



Prediction performances in external datasets

Accuracy Sensitivity Specificity F1-score

GA-XGBoost

GSE26193 (internal 0.714 1 0.524 0.737
validation set)

Combined external 0.589 0.824 0.385 0.651
validation set™

GSE30161 0.580 0.739 0.444 0.618

GSE19829 0.478 1 0.143 0.600

GSE63885 0.630 0.833 0.432 0.690

Forward logistic regression

GSE26193 (internal 0.600 0.533 0.650 0.533
validation set)

Combined external 0.514 0.456 0.564 0.466
validation set™*

GSE30161 0.620 0.652 0.593 0.612

GSE19829 0.478 0.556 0.429 0.455

GSE63885 0.452 0.306 0.595 0.355

LASSO regression

GSE26193 (internal 0.543 0.643 0.476 0.529
validation set)

Combined external 0.555 0.544 0.564 0.532
validation set™*

GSE30161 0.520 0.478 0.556 0.478

GSE19829 0.565 0.889 0.357 0.615

GSE63885 0.575 0.500 0.649 0.537

Hsiao et al. JARE 2020



1.001

Survival probability
o o
S 3

o
N
(3]

0.001

Survival differences between patients with high
and low risks

Internal validation set (GSE26193)

=+ Low risk(n=11) =+ High risk(n=24)

L

b

l—L

e

log-rank p-value = 0.0024
HR = 2.156 (NA*)
cox p-value = 0.998

0 1 2 3
Years

* NA: The range of 95% of confident interval is between 0 and infinity
because no event occurs in low risk group during the observed period.

20,000 * 1,500 * 0.05 = 1,500,000

Chemo Patient Percentage Cost per month

Hsiao et al. JARE 2020

1.00+

Survival probability
o o
(42 ~
e 4

o
)
o

0.00+

A combined external validation set

~+= Low risk(n=42) =+ High risk(n=104)
L‘Hﬁ
-
X.HLL_‘_ S Y U—
X-L‘-H_;W
log-rank p-value = 0.014
HR =2.156 (1.154 - 4.027)
cox p-value = 0.016
0 1 2 3

Years
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Can we do better?
(a little bit earlier)

A In addition to clinical variables, what can we have?
I Genetics (DNA)
I Gene expression (RNA)



Angelina Jolie Has Ovaries Removed After
Doctor Detects Possible Sign of Early Cancer

Angehng Jole

.,mc' l*ml | }\.jd Nno redas

SURSCRIST NOW

It was the phone call every woman

hopl‘f. she never gf‘t"u

After having a pr

¢ two years ago to
reduce her nsks of getting cancer,

- who lost her

mother, Br._mdmothr:r and aunt to
the disease -~ got a call from her
doctor two weeks ago with results
from a recent blood test. As she
wnites in a3 New York limes op- ed
piece published early Tuesday, the
doctor told her that the test
showed markers that could be a

SIgn of early cancer

"I went through what | imagine
thousands of other women have
r

telt, J-C-h(-\ 39, wrntes, | told

myself to stay calm, to be strong,

on to think | wouldn't live to see my children grow up and
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Ovarian Cancer Risk  vs. Jolie Pitt’s Cancer Risk
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Cancer.gov in their BRCA1 fact of women In Jolie Pitt's latest post s!me writes
sheet shares statistics who inherit a harmful BRCA1 that she was given a . risk pl‘OFIIB
that around of women who mutation are expected to that she would develop ovarian cancer.
will develop ovarian develop ovarian One or two women out of 100 will
cancer in their lives. cancer by age 70. receive these outcomes.

Source: Cancer.gov Source: New York Times

https://innovatemedtec.com/content/theangelinajolie-pitt-cancerstory



Angelina effect> more peoplaet screening

“THE ANGELINA EFFECT”
BRCA GENE TESTING IN AMERICA

BEFORE ANGELINA'S 2013 ANNOUNCEMENT:

330, PER'WEEK

AFTER ANGELINA'S 2013 ANNOUNCEMENT:

500 PER WEEK
A L0,

AARP @m N

7:44 AMET
I ATLANTA 7 723° CHARLOTTE _~_64° WASHINGTON - 57°

\ e F ,_ NEW DAY

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

CARTaGENE biobank

HUNT - Nord-Trondelag |~

UK Biobank
ALSPAC

All of Us
Million Veteran Program

The Mexico City
Prospective Study

Nat Med. 2020 Jan;26(1):288.

Health Study

e

China Kadoorie Biobank
Guangzhou Biobank

Rt g

&

Location Biobank N (goal)
Canada CARTaGENE biobank'"® 43,000
USA Al of Us*® 1,000,000
Million Veteran Program"’9 > 600,000
Mexico The Mexico City Prospective Study"’2 150,000
Iceland deCODE Genetics 500,000
UK UK Biobank® 500,000
Avon Longitudinal Stud%oof Parents > 15,000
and Children (ALSPAC)
Netherlands Lifelines Biobank'?° > 167,000
Denmark Danish National Biobank'?!
Norway HUNT - Nord-Trendelag Health Study'?? 125,000
Sweden Biobank Sweden
Finland FinnGen 500,000
Estonia Estonian Biobank'?® 52,000
Israel Project 10K 10,000
Saudi Arabia Saudi Biobank 200,000
Qatar Qatar Biobank'** 60,000
China China Kadoorie Biobank®' > 500,000
Guangzhou Biobank'#° 30,000
Japan BioBank Japan'?® 200,000
Korea National Biobank of Korea'?’ 500,000
Taiwan Taiwan Biobank'?® 200,000
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Talwan Biobank

Taiwan Biobank
recruitment stations

Formulated 80 SOPs + 200 documents to
iImplement
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