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NHMRC funding - genomics

research
$ (Millions)
- NHMRC has invested
/ over $190 million
/ during the last ten

/ years in genetics and
/ genomics research.

- Most biomedical
research now involves
a genomics
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Topics funded vary from genomic profiling of high risk acute lymphoblastic
leukaemia to the development of personalised medicine decision support
tools.
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International Cancer
Genomics Consortium(ICGC)

Investigate the genetic basis of up to 50 types of cancer
(25,000 tumors)

24 countries will share tissue samples, data and information
Australia’s focus is on ovarian and pancreatic cancer
NHMRC is committing ~$25m over 5 years
Pancreatic cancer

— very heterogenous

— routinely sequence tumor for mutations

— Treatment optimisation - Individualised Molecular

Pancreatic Cancer Therapy (QIMB, Garvan Institute)

www.nhmrc.gov.au
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DNA -What does it do?
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The Human Genome

46 chromosomes (23 pairs) — 22 autosomal pairs
plus 4
— XX & or XY &

DNA — double stranded helix; four bases —-AC G T (A-T, C-G)

Human Genome Project
- public and private consortia in US
- sequencing completed in 2003 — many gaps
- approx. 3 billion base pairs
- approx. 20,000 genes, but functions of many genes yet to be fully
determined

www.nhmrc.gov.au
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1. Somatic cell
defects (not
heritable)

Acquired, not
inherited, no
implications
for family.

Cancer tissue
testing. Helpsin
guiding therapy
e.g. HER2

Types of Genetic

2. Mendelian genetic
defects (heritable)

Inherited = risks for
family members.

Strong gene effects so
can draw family trees

e.g. cystic fibrosis

www.nhmrc.gov.au
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Disorders

3. Complex genetic
disorders (heritable)

Gene (G) + environment
(E). Difficult to
understand dueto G x E
and other interactions.

Familial risk but not
guantifiable. Twin studies
confirm heritability e.g.
Type 2 diabetes
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\Q DNA testing — Huntington
i Disease

attgccecgg tgctgagegg cgecgegagt cggeccgagg cetecgggga ctgeecgtgee
gggcgggaga ccgecatgge gaccctggaa aagetgatga aggecttcga gtecctcaag
tccttccage agcagcagcea gecagecageag cagcageage agcageagea gecageageag
cagcagcagc aacagccgec accgecgecg cegeegecge cgectectea gottecteag
ccgecgecgce aggeacagec getgetgect cageegeage cgeccecgee gecgeeceey
gctaccaaga aagaccgtgt gaatcattgt ctgacaatat gtgaaaacatag .............

% Number CAG repeats up to 26 = NORMAL
% Number e 40 = Huntington Disease

 Number = 27-39, more complicated to explain significance

Applications: Diagnostic ---- Predictive ---- Prenatal

www.nhmrc.gov.au
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Whole Genome Sequencing -
the $1,000 genome sequence

Australian Government

National Health and
Medical Research Council

Paradigm
shift in
DNA
Testing:

Diagnostic
to
Screening

Single
molecula?
1,000,000,000
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Nature 2009;458:719-724
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Figure 3 | Improvements in the rate of DNA sequencing over the past 30
years and into the future. From slab gels to capillary sequencing and
second-generation sequencing technologies, there has been a more than a
million-fold improvement in the rate of sequence generation over this time

scale.
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’5’ DNA sequencing —reading the

/

““ i ATGCs

WGS is well established in research
Automation, including greater use of robotics
Technology has become the driver

Chemical sequencing — since early 1990s

Now massively parallel sequencing (AKA Next
Generation sequencing)

» 3rd gen sequencing underway (in future, medical
professionals may have DNA sequencers in their
surgeries)
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by

Costs of Sequencing

% Ji\
Targeted Exome Whole
gene ' sequencing g Genome
sequencing sequencing
e.g.BRCA1,2 All 20,000 The Lot
Genes
S3billion in 2003

¢ Costs for interpretation NOT included

www.nhmrc.gov.au
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QE WGS paradigm shift -
Personalised medicine

Personalised medicine is defined as:

the capacity to predict disease development and
Influence decisions about lifestyle choices or to tailor
medical practice to an individual .

Personalised medicine can be split into predictive
medicine and treatment optimisation.

www.nhmrc.gov.au
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®

Personalised Medicine

~

Predictive Medicine

Using a DNA test to
PREDICT a disease will
develop in the future

&

~

Treatment Optimisation

Using a DNA test to

/

A\ 4

SELECT a drug or
dosage or assess risk
of TOXICITY to a drug

& J

v" Improved patient outcomes

v"  Reduced adverse events

v Cost effective use of health care resources

www.nhmrc.gov.au
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A visual representation of the split between predictive medicine and treatment optimisation (Pharmacogenetics/ pharmacogenomics) and the potential benefits. 

For these benefits to be realised, genetic tests need to be clinically useful. Evaluation of the efficacy of a genetic test involves:
Analytic validity: the test’s ability to accurately and reliably measure the genotype of interest. 
Clinical validity: the test’s ability to detect or predict the presence or absence of the disease (phenotype) 
Clinical utility: a measure of whether the result of that test would alter the healthcare decisions consequently made by the requesting health professional or by the patient.
Ethical, Legal and Social Issues associated with the test and its results for the patient.



Predictive Medicine

Genetic information can inform prediction of risk of:

e developing a disease
o disease progression
e severity of symptoms

This can be used to tailor prevention and treatment
and make informed choices relating to lifestyle,

reproductive matters, screening and preventative
treatments.

www.nhmrc.gov.au
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Some genes will confer 100% penetrance* and others much less. The level of penetrance will determine the risk profile and treatment options.

Some examples
100% penetrance: Huntington’s disease – presently incurable. Testing allows for family planning and may in future lead to protective therapies.
Less than 100% penetrance: Lynch syndrome- positive test can inform surveillance (colonoscopy with removal of precancerous polyps every one to two years starting at age 25)

*Penetrance describes the proportion of individuals carrying a particular variation of a gene (the genotype) that also express an associated trait (the phenotype). 

More examples on next two slides: familial adenomatous polyposis and acute leukaemia


Predictive Medicine:
Familial Adenomatous Polyposis

An example of predictive medicine in practice:

* Presence of adenomatous polyposis coli gene
mutation confers almost 100% penetrance for FAP

 Individuals with a family history of FAP undergo
extensive surveillance which is expensive, invasive
and can have side effects

* Negative test result removes the need for
survelllance

www.nhmrc.gov.au
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Familial adenomatous polyposis (FAP) is an inherited condition in which numerous polyps form mainly in the epithelium of the large intestine. While these polyps start out benign, malignant transformation into colon cancer occurs when not treated.

Positive test result allows for vigilant surveillance regime. Negative result removes this need. Test results can alos be used in making reproductive choices
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Treatment Optimisation
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Absorption, kinetics, metabolism, effectiveness and
risks of drugs vary between patient, due to genetic
factors.

Treatment optimisation refers to pharmacogenetics/
pharmacogenomics:

 Pharmacogenomics aims to match the best
available drug or dose to the individual’ s genomic
profile

» Genetic differences can give rise to differing
responses to a given drug

* Genetic tests can inform drug and dose selection
Improving drug efficacy and reducing side effects.

www.nhmrc.gov.au
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Absorption, kinetics, metabolism, effectiveness, and risk of side effects of a medication are different for each person, with much of this variation determined by genetic factors. 

The identification of the relevant genetic variants for each drug has the potential to dramatically alter the choice, dosage, and duration of drug therapy for an individual patient. 

Multiple genes are involved and effective pharmacogenetic testing will probably require multi-gene assays (and computer algorithms) to determine optimal doses and risks of adverse reactions. 

Pharmacogenomics can help to inform a tailored dosage regimen allowing for an improved drug response, while managing the risk adverse reactions. 
Serious adverse drug reactions are an important clinical issue and cause of hospital admissions.

Examples on the next two slides: Tamoxifen and Abacavir.


'E Treatment Optimisation:

Tamoxifen

Treatment optimisation in practice:

 Tamoxifenis used to treat oestrogen-receptor positive
breast cancer

— CYP2D6 is involved in metabolising tamoxifen
— About 1/3 of women relapse

— There is considerable variation in response
Including side effects

o Warfarin,
— CYP2C9 and VKORCI influence responses
Clinical utility of genetic testing to determine the

dose and predict the response to tamoxifen remains
to be determined.

www.nhmrc.gov.au
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Many will have heard of:
Warfarin- Variants in the CYP2C9 and VKORC1 genes influence response to warfarin treatment. Testing is recommended prior to commencing warfarin treatment.
 
MammaPrint- Measures the expression profile of 70 genes implicated in endocrine responsive breast cancer and stratifies patients into high and low risk groups for relapse and metastasis. This can be used to inform treatment options. Clinical utility is to be confirmed. Could assist in decision making particularly for treated early stage breast cancer when it is difficult to predict what type (if any) adjuvant therapy is needed. 

Herceptin- used to treat tumours which overexpress the HER2 protein. HER2 positive breast cancers can be targeted more effectively. Can now be targeted to those most likely to respond reducing cost and the risks of complications in those unlikely to respond to it.


International Cancer

Genomics
Consortium(ICGC)

Pancreatic cancer
— very heterogenous
— routinely sequence tumor for mutations
— Treatment optimisation - Individualised
Molecular Pancreatic Cancer Therapy (QIMB,
Garvan Institute NSW)
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Molecular taxonomy - Cancer biotypes
(Classified by mutations, not source

tissue)
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Andrew Biankin and Sean Grimmond, APGI

Abl-like Kinase Dependant
EGFR dependent

HER2 Amplified

ALK

Homologous Recombination
Defective

BRAF mutant

NOVEL mutant

www.nhmrc.gov.au
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Benefits of Personalised
Medicine

* Improved patient outcomes
» Reduced adverse events

e Cost effective use of health care resources - the
cost of genetic testing may be offset by:

— avoiding expensive treatments when they are
unlikely to be efficacious

— avoiding additional treatment for side effects
which are less likely to occur

www.nhmrc.gov.au
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Improved patient outcomes:
Prevention- test for risk and commence screening or preventative therapies,
Diagnosis- begin treatment, and my get information on subtype of disease so can target therapy. 
Targeted treatment- more effective

Reduced adverse events:
Reduce side effect, sensitivities and need to treat for these.

Cost:
Example: whole genome sequencing may reduce cost as one test is done and can be reinterrogated by different health professionals throughout the patients lifetime. May also reduce the need for chemotherapy which is expensive and ineffective in some. 

	



Challenges

 The development of drugs that are beneficial for
only a small cohort of patients is often more
expensive and pharmaceutical companies may not
be interested in developing them

* The potential to tailor drug treatments may go
unfulfilled due to a lack of resources, funding and
take up by pharmaceutical companies

* The process for assessing the clinical utility of
genetic tests is not as well developed as for drugs.

www.nhmrc.gov.au
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If pharmaceutical companies don’t take this up there will be some unmet expectations. 

There may be an increased cost for the consumer to have more specialised drugs. What happens when only those with means can afford to purchase these tailored, personalised drugs? 

PBS, DoHA are looking at the issue of co-dependant technologies as the process for assessing drug safety and efficacy is much more robust that that for the clinical utility of genetic tests.


By looking very closely at your genome using the
latest genotyping technology, we can determine
whether you have the SNP associated with an
increased risk of a particular disease. This is then
linked to current scientific research about that
particular SMP to give you your report.

We currently test for 81 diseases in our
Comprehensive Kit.

AICFDEACEM DICK
S INLEEASED RISK

Disease Odds Ratla
hultiphe: sclarosis a 564
Age-related macular degenearation « 535
Lupus (systemic upus envihematosus) & 3.98
halanoma a 3,05
Acute ymphocytic leukemia i 2.06
VIEWALL E

Direct to Consumer DNA testing
Lumigenix

Medical Research Council

Brain and nerves
Cerebral aneurysm
Cluster headache
Creutzfeldt-Jakob disease
Multiple Sclerosis
Parkinson's disease

Progressive supranuclear palsy

Essential tremor

Restless legs syndrome
Lou Gehrig's disease
Marcolepsy (with cataplexy)

Cancers

Aerodigestive cancer

Basal cell carcinoma

Bladder cancer

Breast cancer

Colon cancer

Gastric cancer (diffuse-type)
Diffuse large B-cell lymphoma
Follicular lymphoma

Lung cancer

Lymphocytic leukemia (acute)

Lymphocytic leukemia (chronic)

IMelanoma
Masopharynx cancer

—* Lungs and breathing

Asthma
MNicaotine dependence
Tuberculosis

Kidneys and urinary system
Chronic kidney disease

Psychological

Bipolar disorder
Schizophrenia
Tourette's syndrome
Alcohol dependence
Developmental dyslexia
Autism

Reproduction
Endometriosis
Gestational diabetes
Male infertility
Placental abruption
Preeclampsia
Premature hirth
Uterine fibroids

www.nhmrc.gov.au
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| % Continued...

Lumigenix®

ABOUT US GENETICS & YOU DUR SERVICES FOR PRACTITIONERS CONTACT US ORDER NOW

ABOUT US

Read our latest media releases and
follow our coverage in the news

QOur values MEDIA RELEASES

Our partners 2011-01-11 - Lumigenix launches Australia's first personal genomics senvice — providing genetic

DISCLAIMER: This service is not a test or kit designed to diagnose, treat or prevent a disease or
medical condition and is not intended to be medical advice. This service has not been approved
by the TGA or FDA for diagnostic use.

www.nhmrc.gov.au
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Challenges to the health
system - Summary

Bioinformatics... what does it all mean?
The $1,000 genome, the $100,000 analysis? (Genome Medicine Nov 2010)

Data storage; electronic health records

Workforce — shift from lab to computer; need for new type of health
professional (medical informatics)

DTC DNA testing — challenge for GPs

Personalised medicine — challenge is coordinating test/treatment
(co-dependent technology)

Ethical, legal and social issues, e.g. implications for family members,
access in rural and remote regions, intellectual property

www.nhmrc.gov.au

WORKING TO BUILD A HEALTHY AUSTRALIA



Relevant NHMRC
publications
(www.nhmrc.gov.au)

Medical Genetic Testing: Information for health professionals
Clinical Utility of Personalised medicine

Genetics in Family Medicine: Australian handbook for General
Practitioners

Coming soon...

DNA genetic testing in the Australian Context: A statement from
NHMRC

Medical Genetic Testing: Health information for you and your family
Direct-To-Consumer DNA genetic Testing: An information resource for
consumers

www.nhmrc.gov.au
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Contact

Professor Warwick Anderson
nhmrc@nhmrc.gov.au

16 Marcus Clarke St, Canberra City ACT 2600
GPO Box 1421 CANBERRA ACT 2601

www.nhmrc.gov.au
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