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Preparing Australia for genomic
medicine: data, computing and
digital health

Benefiting from genomics in health care depends on data sharing and digital health

integration

The knowledge gained from patients’ genome sequences will increagietpyinform
their diagnoses and clinical management. For the health system, theofigenomic
medicine are faster and more accurate diagnosis, and the corraotemedirst time.
Research has already demonstrated reduced overall cost when genasresepis used
for diagnostic purposes.For patients, genomic medicine offers personalised ,care
empowerment, access to information and control of the diagnostissegyIn some
clinical areas, genomics has already been shown to: provide fagtemare accurate
disease thgnosis; identify the most effective treatment for cancer; and guide
pharmaceutical use with information such as risk of adverse evemtaeAearn more,
considerable value will also come from using genomics to undergtaatisposition to
disease, enable early detection of disease, and optimise diseasgemant and
prevention strategies.

The sequencing of the human genome in 2000 was expected to eaakygolution in
the treatment of disease. However, the use of genomics in a systeragtis anlynow
dawning in the Australian health care system. In the next decade, kiymvédout how
variation in our genomes affects our health is expected to increasatdrally. So we
now face the technical, ethical and social challenges of how health sesiméd use
genomic information to improve health care for all Australiditee Australian Genomics
Health Alliance (hereafter referred to as Australian Gengm&s National Health and
Medical ResearchCouncilfunded initiative that includes over 400 irstigators and
collaborators, across 100 sites nationally, and undertakes cbsesw the integration of
genomics into clinical care. Australian Genomics collaborates wiktleroAustralian
genomic initiatives, including the Melbourne Genomics Health Ad# Sydney
Genomics Collaborative and Queensland Genomics Health Alliandeinggrnationally
through the Global Alliance for Genomics and Hedlth

Maximising the benefits of genomic information requires comprehendargeted
clinical data— to informthe use of genomic sequences and to optimise interrogation into
the relationship between a genotype and a clinical phenotype. sThikdare high quality
data captured in electronic medical records, and the national MyhHRatord system,
will become inceasingly important. These systems provide opportunities for thkhhe
care system and patients to use genomic information to inform heakhdeaisions

throughout life.
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Australian Genomics: towards national data registries and standards for
genomic medicine (Program 2)

Australian Genomics is undertaking a series of clinical flaggngjects across cancer
and rare diseases to identify the opportunities, challenges andnleoittein integrating
genamicsminto clinical care. The program is underpinnedfdwy research programs:
diagnostic™approaches; national data infrastructure and serviogsiementation,
economics, policy and ethics; and workforce and education. One of thasetp— A
National Approach to Data Federation and Analysis (Program—2)is shaping a
coordinated, national approach to generating, processing, curatioring and sharing
genomic and related clinical data. Systems and policies that althninternational best
practicé are being piloted.
This “program has identified severliky challenges in standardising and sharing
genomicrdata‘for clinical use:
« establishing database systems that link genomic data with phenotgpeliaital
charagteristics— commonly known as GeRhen databases
» accessinghe requireccomputng powerandlarge scale datatorage for federated data
analysis and dissemination
* manually curating sequence data once it is processed by bioinforpgétimes
« linking'genomic information to health records and

* managingargecollections of sequence dataer time.

Linking genotype and phenotype

A key challenge for the use of genomics in clinical care is the egliof high quality
informationrabout the patient’s genome that may inform theaitiniabout the diagnosis,
prognosistoritreatment decision in the @xttof the patient’s clinical presentation. Gen
Phen databases need to use standardised maa@dable terminology for clinical
phenotype to support digital integration into the health data e@syStandardised
clinical terminology, such as SNOMED C(Bystematized Nomenclature of Medicire
Clinical Termsfiand Human Phenotype Ontology (HPQjre increasingly being used to
describendiagnoses and symptoms in electronic medical records, andecaised

computationally to describe an individual’s clinical phenotype.

Storing and sharing genomic data

The genotype is represented by variations irafiepts’ sequence when compared with a
reference human genoi@ioinformatics pipelines use considerable computing power to
processmand® analyse sequence data from a sequencing machine. In doing so, an
individual'sssequence data are aligned against thereate genome, so that differences
(known_as variants) can be identified.

A major challenge for the Australian health care system will be kstaiy and
maintaining computandstorage infrastructure to meet the demands of genomics as part
of standard ca. Policy on the storage of genomic dataeither in a national genomic

database or in stateased systems- needs to be developed and is being informed by the
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work of Australian Genomics.

Curating sequence data

Variants identified by the bioinformaticspeline through comparison with the reference
genome need to be curated in the context of the patient’s symptomsAriéecan
College of Medical Genetics and Genomics and the AssociatioMdbtecular Pathology
have published guidelines for interpretingegsence variants to determine the
pathogenicity of particular varianfsScaling this curation step as genomics enters
mainstream health care is complicated by current manual processespacidlised
training of laboratory personnel. To meet the demardsaling, the genetics workforce
will need to be expanded, but big data analytics and compasad decision support will
also be required. Sharing information on variantsncluding the underpinning evidence

— is increasingly becoming an internatiompaiority.

Genomic testing data flow

The flow of genomic data can be broken down into seven phases, shown Boxhe
Phase 1 involves acquiring patient samples, with patient conseatcredited clinical
laboratories. This leads to Phases 2 and 3, which happen in paPdlede 2 involves
capturing relevant clinical information in electronic medical recargisig standardised
terminology such SNOMED CT and HPO, and Phase 3 involves gamgrgénomic

information annotated with public information from soes such as ClinVar or the
Exome Aggregation Consortium using tools such as Variant EReedictor. Phase 4 is
the manual review and curation of annotated genomic changes relevantpatidre’s

phenotype. Phase 5 is generation of clinical reportgdtrrn to the electronic medical
record and sharing via My Health Record. Phases 6 and 7 involve capturiataige

results, annotation and relationships in dedicated databasesifse.

Genomics and digital health

Australia’s national digital healthtrategy outlines the infrastructure, processes and
policies that the federal government is putting in place t@eupAustralia’s transition to

a digitally enabled health care systBi@everal interoperable pieces of infrastructure will
be critical for spporting implementation of genomics into clinical carairaquehealth
care identifier for each patient and healtlbare professionala national clinical
terminology; a shared health care record; and consistent nafiolieles and legislation
around da privacy, accessibility and linkage.

Combining health records and genomic information will mean thatqipipit data, as
well as data on disease incidence, age at disease onset and life expexctarbe used to
inform clinical managemen#it a populaton leve| the data combining the data will be
useful for medical research as welltasenrich policy development and implementation,

and economic modelling
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Ethics and consent

Genomics and digital health aim &nsurepatients receive adequate informatiand
opportunity to autonomously evaluate the risks, benefits and outcofrte=alth choices
(including genomic testing) and thereby make informed choices. Gensegjgencing
brings additional challenges of individual and family ownersifimformation

To address these challenges, Australian Genomics is developingoaahatiinical
genomic consent form that will introduce uniformity in the consent p®oéer genomic
testingrand“in ‘materials used to educate patients and the commuaitl ggmomics. In
addition, ‘several clinical projects are using a participaatf@im that incorporates a
dynamigcy.granular consent model to inform and gauge patient decisigingd This
degree of autonomy and control to view and provide access tagisti@ported by t@
My Health Record system, whidnablegatientsto share or restrict access to their data.
These consent mechanisms will be importamproviding patients with theability to
share their data anonymously whi#applyingthe large scale data required m@aximise

the value of genomic medicine

Use of genemics throughout life

Most clinicalgenetic or genomic activity to date has been manag#teisecondary and
tertiary“health care sectors, being the remit of spisti@nd often multidisciplinary
clinics. However, some genetic diseases (such as hereditary hemochromasagie, Xr
syndrome iand familial hypercholesterolaemia) can be diagnosed andedamageneral
practitioners'with the aid of a single gene test or chromosomal miaydd In the future,
these single gene tests may be replaced by a laboratory test énedgates the genomic
variants in_a patient’s stored genomic sequence rather thaninggué¢sampling, and
repeat sequencing. Pharmacogenomieghe use of genomic data to identify tbeug
that will be safest and most effective at the individual patient leveWwill become
especially important considering the burden of adverse drug evedtseffective drug

use on'the’Australian health systém.

Conclusioen

As theluse of genomidsacreases, it will require additional infrastructure, processeb
policies'torensure that it is accepted in the community and that it deliveits promise
of improvedshealth outcomes. This is the remit of the NationalltHegGenomics Policy
Framework:®-Australian Genomics is working closely with a number of internationa
genomic initiatives to ensure that knowledge and processes deveipped country can
be transferred and utilised internationalljre symbiotic application and intersection with
Australia’s national digital health strategy will be crucial for suppgreffective, ethical
and sustainable integration of genomics into the Australiarttheate system.

The integration of knowledge about our genome can drive a personalisexheppo
wholeof-life carel® but will necessarily need good electronic health records. For the
optimal introduction of genomics into Australia’s health carsteym, we need a fully

functioning digital health system- supporting both patients and clinicians.
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N

[insert Sphic: han_mja18.00461_gr]

ical record. ExAC = Exome Aggregation Consortium. HPO = Human Phenotype Ontology.
SNOMEDCT atized Nomenclature of Medicine — Clinical Terms. VEP = Variant Effect Predictor.
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