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Opportunities and Challenges

« We are In a fortunate era in medical history

» |n slightly more than a single generation, medicine
has evolved from an (mostly) intuitive art to
empirical science to (almost) precision medicine

Network-oriented drug
design and development

&

Biological pathways and tumor
evolution trump single targets

National Cancer
L/ Centre Singapore
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A Vastly Changing Landscape

Advances in the recent 2 emire o e
decades not been only in e
Biomedical Science but

also In the: physical,
computational, behavioral and , o/
SOC i al SC i e n Ces . Year in review: Alpha;(;o scores a win fo.r ;rtificial intelligence
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Transformation

 Concurrent advances In the sciences have
transformed the nature of the biomedical landscape
and impact:
— on the way biomedical research is conducted and funded
— on the evolving role of the clinician scientist

Will be challenging for
traditionally structured
research programs to
adapt

_J/i SGH - Surgery
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How we learnt to do research

Hypothesis-driven paradigm

Hypothesis

— Biological question

-Single discipline
-Single laboratory
-Single institution

- Hypotheses come from hunches and educated guesses
- The research seeks to establish Cause and Effect
- Experiments are designed to validate hypotheses

(%) SGH — Surgery
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Pierce Chow FRCSE, PhD

Hypothesis Driven Research in Liver Cancer
Pierce Chow FRCSE, PhD

Suglelly Pre-clinical study=> Phase I/II Clinical Trial at NCC

usually ¢
Bio Res Normal RAPA/BEV RAPA BEV Vehicle control
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Experiments to Validate Hypotheses
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Abstract chalcone, 2,2"-dihydroxychalcone could induce G2/M arrest

JOURNAL OF then apoptosis of the cancer cells.

HEPATOLOGY clusions  An analysis of structure=activity relation=
showed that following structures are required for their
bitory potencies on human liver cancer cells: (1) of the

Abstrac iub-classes of the polyphenols tested, the unigue back-
Purpost : structure of chalcones with a open C-ring; (2) within
depend: chalcone group, hydroxyl substitution at 2’-carbon of

woac  DOVItinib demonstrates antitumor and antimetastatic activitieS . ) hydroxy! substitution at 3'-carbon in Bring of

mes. However, some other structures were found to

tomogra - L]

vascula mn XEllﬂgl'ilft l'ﬂﬂdElS Df hEpatﬂCEllll]ﬂl' carcinoma ease their potencies: e.g. substitutions by sugar moie-
an orthe in flavones. These data are valuable for design and
Proced  JPR— . . -3 . 3 s o2 ification of new polyphenols, which could be potential
suspen Hung Huynh'*, Pierce Kah Hoe Chow?, Wai Ming Tai’, Su Pin Choo?, Alexander Yaw Fui Chung?, sroliferative asents of cancer cells

raparmy Hock Soo Ong?, Khee Chee Soo!, Richard Ong', Ronald Linnartz?, Michael Ming Shi* -

a

. words Plant polyphenols - Liver cancer -
Results. 1) ahgratory of Molecular Endocrinology, Division of Melecular and Cellular Research, National Cancer Centre, Singapore; Department of cancer activity: apoptosis - G2/M arrest - 2,2'

(F-1 ak]'ﬂ Ceneral Surgery, Singapore General Hospital, Singapore; 3El'f»:mn'merit of Medical Oncology, National Cancer Centre, ydroxychalcone
;2?k;' Singapore; *Oncology Translational Medicine, Novartis Pharmaceuticals Corporation, NJ, USA

BEV grt

oduction
Background & Aims: Hepatocellular carcinoma (HCC) is the third Introduction motherapy has still been an important treatment modal-
leading cause of cancer death. Although sorafenib has been or cancers. However, toxicity and poor tolerance to cur-
shown to improve survival of patients with advanced HCC, this HCC is the fifth most common malignancy and the third leading chemotherapeutic drugs are dose-limiting factors. This
improvement is modest and patients eventually have refractory cause of cancer-related mortality globally [1]. More than B0% of led to a rising interest in developing anticancer drugs

HCCs are discovered late in stage when surgery is not an option ! relatively non-toxic sources. Plant polyphenols are
COmpArea o me Urst (WO groups wim IL g, ranges or o1 o one such example. They are relatively non-toxic matural

=400, 131 o =400, 138 to >400 and 36085 to =400 pM, products [1] found in normal diets [2] and herb medicines

disease. This study aims at investigating the antitumor, antian-
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How we do Clinical Trials
Hypothesis-driven paradigm

« Conventional Phase 11 trials:
— Study therapy versus comparator
— Null-hypothesis
— Heterogeneous populations
— Not selected on the basis of mechanisms/biomarkers

— Depends on measuring statistical differences to
elucidate meaning

— Large number of patients require

[ | National Cancer
LAl SGH - Surgery 2 | S

SingHealth
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AHCCO06 : SIRT versus Sorafenib In
patients with locally advanced HCC
(SirveNIB)

Phase 111, open-label,
randomised-controlled study

Endpoints
Eligibility criteria = Primary
* Locally advanced HCC :.% . Sorafenib® " 08
* Child-Pugh <7 pts E - @ 400mg b.i.d. Secondary

= *+ Progression Free Survival in Liver
* ECOGPS0-1 .g = _Ié_ * Progression Free Survival at any Site
Exclusion criteria E SIRT *» Tumour Response Rate (liver £ any site)
o’ + Toxicity and Safety

* Distant metastases - Quality of Life

* Main portal vein thrombosis - Liver Resection Rate
* Liver Transplantation Rate
+ Time to Disease Progression

ECOG PS = Eastern Cooperative Oncology Group Performance Status
0OS = overall survival; TTP = time to tumour progression

A phase Ill multi-center open-label randomized controlled trial that compares the efficacy of two

therapies (SIRT versus Sorafenib) in the management of locally advanced hepatocellular
carcinoma. 23 sites, 11 countries e
vational Cancer

SGH - Su rgery lg—‘ Centre Singapore
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W Asia-Pacific .
= Hepatocellular Carcinoma
= Trials Group

Asla-Pacific HCC Trials Group 2016
SIRveNIB

N A W R Seoul,

L =l
s i 5

Ulaan Baator =

"' ~ Bundang
Taipel
Yangon Hong Kong
Manila
Bangkok Davao
Brunei
Penang
Kuala Lumpur Kuching
Singapore
Jakarta Auckland
Bali
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- Within host diversification B
DRUG Drug Discovery &

o / : . DISCOVERY o -
Individual Local and global transmission Development -Timeline
w N - Evolution of pathogenic clones PRECLINICAL

FDA

Whole Genome Sequencing

\

- Dynamics of host jumps CLINICAL TRIALS
10,000 250 REVIEW 1 FDA

. T m - Global gene expression analysis | kR 2 .
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——
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Z0onoses Bacteria
Extract DNA Company Percentage of current portfolio derived from in-house HTS
Sequence DNA
— Chemical Candidate Clinical
- Genes for survival in vivo optimization selected development

- Genes for tissue specificity 84% 30% 32%

- Identify novel therapeutic targets f| B 60% N/A N/A

: 76% N/A N/A

Transposon Sequencing 48% 18% 19%

Applications of high throughput sequencing for studies of the epidemiology, evolution and pathogenesis of
. . HTS, high-throughput screening; N/A, not available. *Data taken from GlaxoSmithKline, Novartis,
bacterial infections. Sanofi-Aventis and Wyeth (now part of Pfizer)

Population

Adapted f MCcA l. inion in Mi iol 2014, 19:106-11
apted from McAdam et al. Current Opinion in Microbiology 2014, 19:106-113 Adapted from Macarron et al. Nature :) National Cancer

SG H — Su rgery Reviews Drug Discovery 10, 188-195 Centre Singapore
(March 2011)
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Human Genome Project
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Chinese Nafionel Human Genome Centers
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automated, rich
resource for
biomedical research
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discrimination in . federal workplace

PLUMMETING PRICES The cost of genomic sequencing fell sharply as the

July 31, 2011
A 5 Al = A sxo 500
Oct. 31, 2003 Oct. 31, 2006

$40.2 million $10.5 million

$ Millions
450 DOE BUDGET CLIMB
gk | ®m NIH Over the course Human Genome Project advanced. - $1000/sequence
350 of the Human
Genome Project,
i | funding climbed
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Credit: Sept. 30. 2001
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50 I
O [ 1 I
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Credit: National Human Genome Research Institute
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“Big Science” - Human Genome Project

How do we transform the massive amount of information
generated to biologically-meaningful discoveries?

L Function of genes

= Regulatory dynamics of cells

= Structural genomics
Proteomics

Population-based studies
Epidemiology
Genotypic data
Phenotypic data

@ SGH — Surgery
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The Impact of Technology
on Biomedical Research
P

Automation » Output » Storage

of Large |
Genomics . expertise ~

. amount :
Immunomics reauired T
Proteomics of data .

Metabolomics
Imaging

Less
manpower
required

shorter
turnover
time

Clinical
trials/studies

Biologic

Population - repositories

SlEgllleloVA based studies
Real World data

Economics data
Social data
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DURER

Biology Is becoming an Information Science
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Pierce Chow FRCS, PhD

Big Data Approach
Vertical integration

(CT scans, 4
MRI, etc . .
) Bioinformatics

Clinical data integration
Metabolomics
Immunomics i i
Relationships

Genomics

Integration of Data from the same patient/sample

| p National Cancer
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Immunomics-genomics
Integration in HCC
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SGH — Surgery

Metabolomics-genomics
Integration in HCC
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Vertical and Temporal Integration

Patterns

Automation : ‘ Computa- [l

ilonal

s Toas +  Genomic: Xpertis
; 5 amount expertise

O O v e SO T TN T R fd required
required *  Proteomics of data

«  shorter *  Mhetabolomics
T oY er *  Imaging
thimie

» Epidemiology

¢ Feal World data

) R e
LONGITUDINAL CLINICAL COHORT
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Vertical and Temporal Integration
TCR Flagship Program in Liver Cancer

<> T1BT1A ) . . )
Theme 1 & > AIMS: To meet the pressing need for efficacious drugs in HCC
Heterogeneity A 1 \c-lr:r‘}l§075332 . . ® .« . . .
< s To bring Precision Medicine to patients with HCC
«QY‘ T8A
st Theme 3:
A Clinical Trajectory and
N Translational Clinical Trial < TiBri
v ’Tafﬁ 333333
~ .. Phase2:
Phase 1: 100/250 Recurrence Bz T i
patients, 5/15 Asia- Biopsy or resection N erapeutics
3-montbhly follow-up: tissue samples selected on the

Pac centers ;
% scans, bloods, cfDNA, CTC cfDNA, CTC g.ElSIS of o
ISCOVErIes In
Pre-op scans, bloods, ‘ i .
p ‘ i . Creation of this study

Surgical multi-region tissue representative
Resection samples, cfDNA, CTC —— pre-clinical models

//\

Asia-Pacific HCC Trials Group

e R

Theme 2
Translational
Immunomics

Precision Medicine in Liver Cancer Asia-Pacific Network




« Target enriched ,

| treatment should

11 1 I there be more than 1 o
clinical trials  therebe more than - i
. . :_drug screen ;::I.e::
— Biomarker selection Serelen
drug A
- Dl’ug pane|8 Pre-clinical D
- PDX Individual IRB protocol to be
. - _ . PDP written and submitted for the
Possible to have N- [ =eee e

of-1 trials
o Pat I e ntS Sh O rtl ISted Interval 1: period of time for drug Interval 2: time from successful |:>

screen after creation of clinical drug screen to point of relapse
from models
Recurrence

Approx. 6- 9 months
— Biological Databases

— Electronic Medical N=1 Clinical Trial for Liver Cancer
Records (EMR)

~= | National C
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Increasing Relevance of Real World Data:
Asia-Pacific Liver Cancer Registry 2017

China South Korea

» Ajou University Hospital

* Asan Medical Centre

» Korea University Anam Hospital

» Seoul National University Bundang
Hospital

Nanjing Bayi Hospital
Zhongshan Hospital, Fudan
University Shanghai

Beijing Cancer Hospital

Sun Yat Sen University Cancer
Centre, Guangzhou

Guangxi Medical University Cancer,
Centre

Hunan Province Xiang Ya Hospi
Jiangsu Cancer Centre

Tongji Medical University, Wuhan
Second Affiliated Hospital Zhejiang
University School of Medicine

The Eastern Hepatobiliary Surgery
Hospital, Shanghai

Third Military Medical University

Japan

+ Kyorin University School of Medicine
* University of Tokyo

* Kinki University Hospital

* National Cancer Centre

.:.-l'

Taiwan

* Chang Gung Memorial Hospital

» National Taiwan University Hospital

+ Taipei Veterans General Hospital

* Chang Gung Memorial Hospital — LK
* Chang Gung Memorial Hospital — KS
* China Medical University Hospital

 « National Cheng Kung University
Hospital

Thailand

» National Cancer Institute

» Siriraj Hospital, Mahidol
University

* Chulabhorn Cancer Centre

Hong Kong
= Queen Mary Hospital

New Zealand
* Auckland City Hospital

Singapore f
« National Cancer Centre

» Singapore General Hospital Australia
* National University Hospital - Royal Prince Alfred Hospital

« University of Adelaide i ms h ed lt h

* Austin Hospital



From Hypothesis-Driven
to Discovery-Driven Science

Still very important : Hypothesis-driven Science
Hypothesis

— Biological gquestion

-Single discipline/lab

-Single institution

Large Funds : Discovery-driven science
Assumption: Analysis of complete data across the breadth of a disease

== [Clues & Patterns | == (SN O == [Relationships

hypotheses

Large scale:
« Multi-discipline
« Multi-institution
e Multi-national

e

(%) SGH - Surgery
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SGH — Surgery

Increasing Recognition of the Need for
Inter-disciplinary Research

Major Diseases

Multi-faceted
Share risk
factors with
other diseases
Multiple
etiologies e.g.
diabetes
mellitus, HCC

Requires

Broad-based

Large scale

Trans-institutional

National Cancer
‘/ Centre Singapore

SingHealth

Singapore

SingHealth

Duke

Medical School

Institute of
Molecular and
Cell Biology

[, =) National Cancer

(& | Centre Singapore

SingHealth
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Major Diseases

Multi-faceted
Share risk
factors with
other diseases
Multiple

etiologies e.g.
diabetes
mellitus, HCC

Multi-disciplinary
Multi-institution
Large collaborative
grant

(%) SGH — Surgery

Needed

=)

Requires

Broad-based
Large scale
Trans-institutional

Clinicians
- Medical Oncologists
- Surgeons
- Nuclear Med

Imaging
Genomics
Proteomics
Metabolomics
Immunomics
Data science

https://internalmedicine.osu.edu/researchday/
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Increasing Public-Industry Collaborations

Patients scheduled for liver
resection in 5-6 weeks

 With increasing
- Screening Visit
CO m p I eX I ty Of e — .(5-5 wks before scheduled surgery)

Pre-treatment CT/MRI
H 2 Peripheral blood
Study with eripheral bloo

research, industry A i
rarely have acceSS to Given Informed Consent

A clinico-
all the necessary . _ —
expertise immunomics- | G
° genomics

e Academia however correlative zshout
does not manufacture study in liver —
therapeutics CanCer . Et::s:t:dtumorandnurmal

| ndustry- +  Peripheral blood

sponsored b
p . y Adjuvant Study with Drug A
blg pharma (5-6 wks post-surgery)

| P National Cancer
LAl SGH - Surgery ‘L'./  Metonal Concer
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Increasing importance of International
Collaborations in Biomedical Research

e The multi-ethnic Asia-
Pacific HCC Network
allows access to all the
Important etiological and
ethnic variations in HCC.

« Competitive Advantage
over competitors
China/Korea/Japan where
cohorts will be
overwhelmingly mono-
ethnic and of single

etiology ——
SGH - Surgery e

SingHeaith


http://images.google.com.sg/imgres?imgurl=http://www.gms.edu.sg/themes/gms_faculty/images/duke_nus_gms_logo.gif&imgrefurl=http://www.gms.edu.sg/modules/fac_admin/index.php?id=10&h=61&w=347&sz=7&hl=en&start=15&tbnid=P0mfTBSO6lFd2M:&tbnh=21&tbnw=120&prev=/images?q=duke+gms&gbv=2&svnum=10&hl=en&sa=G
http://images.google.com.sg/imgres?imgurl=http://www.gms.edu.sg/themes/gms_faculty/images/duke_nus_gms_logo.gif&imgrefurl=http://www.gms.edu.sg/modules/fac_admin/index.php?id=10&h=61&w=347&sz=7&hl=en&start=15&tbnid=P0mfTBSO6lFd2M:&tbnh=21&tbnw=120&prev=/images?q=duke+gms&gbv=2&svnum=10&hl=en&sa=G
http://images.google.com.sg/imgres?imgurl=http://www.iscgt.org.uk/singapore/ncclogo.jpg&imgrefurl=http://www.iscgt.org.uk/singapore/programme.htm&h=166&w=441&sz=13&hl=en&start=28&tbnid=C_vPrjfz8ZwBOM:&tbnh=48&tbnw=127&prev=/images?q=national+cancer+center+singapore&start=20&gbv=2&ndsp=20&svnum=10&hl=en&sa=N
http://images.google.com.sg/imgres?imgurl=http://www.iscgt.org.uk/singapore/ncclogo.jpg&imgrefurl=http://www.iscgt.org.uk/singapore/programme.htm&h=166&w=441&sz=13&hl=en&start=28&tbnid=C_vPrjfz8ZwBOM:&tbnh=48&tbnw=127&prev=/images?q=national+cancer+center+singapore&start=20&gbv=2&ndsp=20&svnum=10&hl=en&sa=N

Challenges and Opportunities In
A Changing Biomedical Research Landscape

Challenges

» The ascendency of Discovery-driven funding
Need for large scale collaborative studies

Need for inter-disciplinary collaborations
Increasing Public-Private collaborations
Increasing international research collaborations
Opportunities

« The evolution of a new breed of uber inter-disciplinary
clinician-scientists

@ SGH — Surgery
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Pierce Chow FRCSE PhD

Its going to be cool to be a clinician —scientist
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Pierce Chow FRCSE PhD

Thank You!

Acknowledgement:
Su-Ting Pang BSc (Hon)
Rachel Choi BSc (Hon)
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