To Test or not to Test
That is the Question......

KF Wong, MD
Department of Pathology
Queen Elizabeth Hospital
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1990 1991 1992 1993 . 1995 1996
|

/- Sanger Centre founded US. Equal Employment
S ‘ (later renamed Wellcome Oppuﬁl?n:y Commission
Trust Sanger Institute) issues policy

T genetic discriminatio
€D The Wellcome Trust o in the ";:::m ’

First gene for

breast cancer
(BRCAT) mapped W

Bermuda principles for
rapid and open data release established



1998 1999 2000 2001 2002 2003

Finished
| version of

nature human

. genome
sequence

he
genome

completed

10,000 full-length
human ¢DNAs sequenced

Draft version of rice genome
sequence completed and published to be
continved..

Sequencing Center) founded Sll initiative begins

GTGCT
GTCCT

Chinese National Human Genome Centers Executive order bans genetic
(in Beijing and Shanghai) established discrimination in U.S. federal workplace



Genetic technologies

Conventional cytogenetics
Fluorescence In Situ Hybridisation
Comparative Genomic Hybridisation
DNA Microarray

a. Comparative Genomic hybridisation
b. Single Nucleotide Polymorphism
Polymerase Chain Reaction

a. reverse transcription
b. quantitative real-time

D




DNA segencing generations

Chain
termination

2 ‘Next’ generation’

Reversible
termination

L e - - - .

3 ‘Next-next generation’
Fluoresence

Labelled Tethered
polymerase polymerase
Life Technologies Pacific Biosciences

B}

Electronic Atomic E

pH Biological Solid-state !
lonTorrent/Life nanopores nanopores E
Technologies Oxford Nanopore  IMB/Roche, NABSys '

Key: blue = sequencing by synthesis; green = sequencing by ligation; yellow = nanopore segencing; orange = sequencing by electron microscope




Genetic services
In Hong Kong

1960s minimal organised activities in medical genetics

1970s introduction of cytogenetics (Dr Alice Chau)

1975 genetic counselling clinic in QEH

(chromosome studies on orcein stained slides by clinicians)

1978 Prof Ferguson-Smith’s recommendation (HKU)

1980 Prof Polani ‘s report on planning genetic services (MHSD)
2011 Dr Zimmern’s report on genetic and genomic services (HA)




Genetic services
In Hong Kong

1981 Clinical Genetics Service, MHSD (at TYH)

(+ some blood cancers and solid tumours)
1984 Clinical Genetic Neonatal Screening Unit (DH)

(G6PD deficiency, congenital hypothyroidisim)
1980s HKU, Department of Medicine

(cytogenetics and molecular genetics)
1990 QMH, Department of Pathology — cytogenetics
1990s QMH, Department of Pathology

(FISH, Southern blot, polymerase chain reaction)
1993 QEH, Department of Pathology — cytogenetics
1995 PWH, Department of ACP (Haematology) — cytogenetics




Genetic services
In Hospital Authority

very diverse practices and protocols
unavailability of many genetic assays
inequity and inequality of patient access
inability to follow international guidelines




The Rise of
Molecular Genetics

e rapid diagnosis of infectious diseases

e international guidelines/practices
— WAHO Classification
— FDA drug relabelling
— gene-targeted therapy
e patient complaint-driven development




HA Genomics
a long history of struggle

Date Title Presenter

3 Dec 02 Molecular pathology — evidence-based or visionary CS Ng

26 May 06 Cytogenetics/molecular diagnostics in haematology WF Ng

9 Oct 07 Cytogenetics/molecular diagnostics in haematology KF Wong

2 Apr 08 Development/expansion of molecular diagnosis FHB meeting
23 May 08 Territory-wide cytogenegtic service KF Wong

1 Jul 08 Development & expansion of molecular diagnostics

1 Jul 09 Territory wide cytogenetic service (Phase I)




HA Genomics
a long history of struggle

Date Title Presenter

16 Aug 09 | Molecular diagnostics for cancer SK Au
Application of molecular techniques in the management of infections Raymond Lai
Integrated molecular diagnostic services Albert Chan
Molecular diagnostics KF Wong
Territory—wide cytogenetic service KF Wong

25 Aug 09 | Investing molecular diagnostics — corporate strategy to meet healthcare KF Wong
challenges (business case study)

25 Nov 10 | Rationalizing blood cancer treatment with molecular diagnostics KF Wong

Albert Lie

19 Oct 11 | Blood Cancer Genomics — To meet current needs, to build for the future KF Wong

30 Oct 12 | Blood Cancer Genomics — To centralize or not to centralize, is that the question? | KF Wong

25 Mar 14 | Modernize the management of blood cancers through enhancing molecular tests | KF Wong




Joint Commissioned Training
COC(Path) and CCGS
Wednesday, 10 November 2010

Time Speaker Title

9:00-10:00 | Dr Ron Zimmern | Genetic service networking and test/technology prioritization
10:00-10:30 | Dr HW Liu Hurdle, strategy & roadmap for developing genetic services in HA
10:30-11:00 | Intermission

11:00-11:45 | Prof Dennis Lo How | test the foetal genes

11:45-12:30 | Dr Stephen Lam | 30 years’ experience of clinical genetic service

12:30-2:00 | Lunch

2:00-2:45 Prof CW Lam How | test the drug genes

2:45-3:30 Dr Chloe Mak How | test IEM

3:30-4:15 Dr Lisa Siu How | FISH

4:15-5:00 Dr Edmond Ma | How | build a molecular diagnostic laboratory




COC(Pathology) proposals

2002
2004
2006
2007
2009
2010
2012
2014
2015
2016

Phase | sery Funding given in 2008 after a
o clinician’s | complaint in 2006 but WHO
paediatric and phas| Classification revised in 2008

rapid diag e
cytogénetjc/molecular diagnostics

—_— A

molecular ==k
. — 5 R S
Investlng N (PWH-NT; QEH-KLN; QMH-HK)

blood can cular diagnostics

blood cancer & solid tumour genomics
Service Monitoring System (BCG)
Annual Blood Cancer Statistics

blood cancer molecular diagnostics(?)




Service Models
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Investing Molecular Diagnostics

corporate strategy to meet
healthcare challenges

Corporate Strategies should be in place for the \

development and provision of molecular diagnostic

service with a two-tier approach. The working group

recommends that individual cluster should has its

own molecular diagnostic laboratory with a
Qtandardised test menu.... /




Consultancy Report -

LA

A Review of Genetic and
ity Genomic Services in Hong Kong

- septe

Dr Ron Zimmern
Prof Frances Flinter
Dr Joanne Whittaker

mber 2011

.




HA Committees

e Central Committee on Genetic Service
(co-chaired by Dr Mary Tang and Dr HW Liu)

— Expert Panel on Training and Development for Clinical
Genetics and Counselling, chaired by Dr Mary Tang

— Genetic Test Formulary Advisory Group (renamed GTF
Scientific Committee), chaired by Dr KF Wong

e Preparatory Committee on Strategies of Genetic &

Genomic Services in Hong Kong (HA, DH U’s)
(co-chaired by Dr HW Liu and Dr Shirley Leung)

(Advisory Group of PCSGGS@HK, chaired by Dr TS Lam)

How to integrate genomics into mainstream medicine?




HA GTFSC Evaluation Process

Applicant seeks support from
COC(Path) and other relevant COC(s)
- 1 J
s 5
4 A
Application form submitted to GTFSC
N [] J
<z
4 )
Applicant presents the proposal to
GTFSC if needed
- [] J

Yes

Additional information
assessed by GTFSC

Further information required

GTFSC endorses or rejects proposal

\ ' J
4 )

GTFSC makes recommendation to
CC(GS)

N ‘ J

CC(GS) accepts or rejects GTFSC
decision

22




Application for the Evaluation and Inclusion of a New Genetic Test in the Hospital Authority
Genetic Test Formulary Sdentific Committes

Application for the Evaluation and Inclusion
of New Genetic Test(s) in the Hospital Authority

This form is for the ewvaluation of new genetic tests for inclusion in the Hospital
Authority Genetic Test Formulary.

This form should be submitted to Genetic Test Formulary Scientific Committee for tests
that will be provided on a HA-wide basis.

1. OUTLINE OF APPLICATION

11

Disease(s)/condition(s)

1.2

Genes(s) (HGNC if available)

13

Target population

14

Proposed testing criteria

15

Technical method(s)/ platforms(s)
PCR Sequencing
Allele-specific PCR ISH
Methylation-specific PCR FISH
Real-time quantitative PCR Others, please specify:

16

Laboratory validation process and/or QC program(s), please specify:

17

Available international guidelines (if applicable)

18

Applicant Cluster Hospital
Name
Position
Signature

19

Date of application (dd/mmy/yyyy)

Page 1of 5
Version 1 (Efective Date: 24 April 2003)




HA Genetic Test Formulary
web-based search engine

HA Genetic Test Formulary

Category:
Disease entity -

Disease sub-entity:

Salid tumaour -

Brain tumour -

==Please Select== -

==Please Select==

Atypical teratoid rhabdoid tumour
Glioblastoma multiforme

Glioma

Oligodendroglioma

TestID Category Disease entity Disease sub-entity Gene/Loci
Solid tumour | Brain tumour | Atypical teratoid rhabdoid tumour | INI-1
Solid tumour | Brain tumour | Glioblastoma multiforme MGMT
Solid tumour | Brain tumour | Glioblastoma multiforme MGMT
Solid tumour | Brain tumowr | Glioblastoma multiforme MGMT
Solid tumour | Brain tumour | Glioma IDHI and IDH2
Solid tumour | Brain tumour | Oligodendrogloma 1p/19q
Solid tumour | Brain tumour | Oligodendrogloma 1p/19q
Solid tumour | Brain tumour | Oligodendrogloma 1p/19q

Method(s)
FISH
Bisulfite PCR.
Bisulfite PCR
Bisulfite PCR

Sanger sequencing
FISH
FISH
FISH

INI-1 deletion (BCR locus on 22q11 2)
Hypermethylation

Hypermethylation

Hypermethylation

Point mutation

del(1p) and del(19q)

del(1p) and del(19q)

del(1p) and del(19q)

Hospital Turnaround Time Cost(HKS) Remarks
QEH
PMH
PWH
QMH
QMH
PMH
PWH
QEH




Feb 2012

Identify service
need & gap
Devise long-term
term strategy

Planning Cycle - Timeline

May 2012

+prioritization &

oy A

COC&CC

evaluation of test

Annual Plan

(Cluster)

Oct 2012

Mar 2013

* 3-digit proposal preparation
* 3 year rolling plan to CTechC

* CC(COC) engaged

May 2013

Sep 2014

3-digit forum
presentation

Procurement
of new equipment

Staff recruitment

—

4Q2014

Implementation




Cost per Genome

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts
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Introduction of genetic tests in HA
an expedite approach?

Applicant CC
(Genetic Services)

Introduction of ‘
new genetic/

genomic tests

Decision —> Applicant

Genetic Test \ For resources
Formulary Expert Panel on bidding
Scientific Cancer Genetics
Committee

27




Proposed strategy

territory-wide top-down approach
equity and ready accessibility
standard menu and practices
timely and rapid-responding
cost-effective service prioritisation
Quality Service Monitoring System




Egypt Divided / Pot’s Big Moment /Best of 2012 ¥

1TIME

Want to Know
My Future?

e T— 1 Cancer

Hemochromatosis
Colon cancer

Cystic fibrosis
O O
Breast cancer
o
o

Huntington's diseas

Glaucoma &

Prostate cancer

New genetic tests can point to risks—
but not always a cure

BY BONNIE ROCHMAN




Other Considerations

Drastic and on-going changes in the use
of genetic testing outside Hong Kong

Cancer as a chronic and treatable disease
How to balance among competitive

THE

healthcare demands? ANGELINA

How to better dovetail the provision of + EFFECT
genetic and genomic tests with other
funding sources (gene targeted therapy)?




Direct-to-Consumer Testing

/- Using Your Personal DNA Test - 23andMe - Internet Explorer, optimized for Bing and MSN
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23andme.com
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Ehe New York Times

I Had My DNA Picture Taken, With Varying Results

Ozier Muhammad/The New York Times
Kira Peikoff, 28, had her DNA tested by three direct-to-consumer companies, and the results didn't agree.




Ehe New JJork Eimes

F.D.A. Orders Genetic Testing Firm to Stop Selling DNA
Analysis Service

Peter DaSilva for The New York Times

The personal genome testing company 23andMe is backed by Google and run by Anne Wojcicki, wife of the Google
co-founder Sergey Brin.
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Cancer Genomics
Its evolution

Time Milestone

1960 Ph chromosome, first phenotype-specific chromosomal abnormality
1970 first banded human karyotype

mid 1970’s Sanger DNA sequencing technique

1978 International System for Human Cytogenetic Nomenclature

mid 1980’s fluorescence in situ hybridization

1991 ISCN (1991): Guidelines for Cancer Cytogenetics

early 1990’s metaphase comparative genomic hybridization

mid 1990’s multi-colour fluorescence in situ hybridization

early 2000’s comparative genomic hybridization/single nucleotide polymorphism array
late 2000’s massively parallel high-throughput DNA sequencing




DNA

Transcription

Protein

Transcriptional regulation

3-Dimensional
DNA
structure

Epigenetic
changes

Transcriptional

RNA processing
and translational regulation

mRNA1

Post-translational
modification
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P Protein 1

mRNA2

- preRNA/MNU

complex

/ N\

Protein-DNA RNA-DNA
interaction interaction

>
\mRNA3

AN

\

Small functional
\ RNA molecules

(e.g., miRNA, siRNA)

P Protein 2 —» Matlf're
protein 2

Mature

i —

P Protein 3 protein 3
Mature

protein 4

Mature

protein 5

loday s prophecy will prove tomorrow’s fallacy...,




To test or not to test, is that the only question?

But, do we know which are likely to be relevant?
Can we handle the truth (no treatment or cure)?
Do we know our limits, given the rapid expansion
of knowledge in genetics and paucity of training?
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