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Long-read sequencing  

1.1 Technology Overview 

Long read sequencing refers to a technique that can sequence fragments in the 100,000 base pair range 
depending on the quality of sample preparation. Comparatively, the most frequently/commonly used next-
generation sequencing in recent times has been short-read sequencing, which can sequence fragments of 50 
to 300 base pairs.   

Long-read sequencing is important in diagnostic settings such as repeat sequences, other complex genomic 
rearrangements, and phasing variants.  However, it requires different sequencing hardware and bioinformatic 
pipelines. 

As outlined by Oehler et al., (2023) (see also Figure 1): 

“Long-read DNA sequencing technologies have been rapidly evolving in recent years, and 
their ability to assess large and complex regions of the genome makes them ideal for clinical 
applications in molecular diagnosis and therapy selection, thereby providing a valuable tool 
for precision medicine.” 

PacBio and Oxford Nanopore are active in this space; refer Figure 1 (below) that compares sequencing 
methodology.  Illumina representatives have shared that their comparable platform is Illumina Complete long 
read sequencing technology. 

1.2 Potential Healthcare Applications 

Improved diagnostics in rare disease and cancer (e.g. Huntington’s disease). Recent studies have found a 10% 
increase in diagnostic rate, including novel variant discovery (Sinha et al., 2025), compared to current practice. 

May shorten diagnostic path. For example, Erdmann et al., (2023) found causative repeat expansions in 28 of 
100 clinically undiagnosed ataxia patients, using long-read sequencing. 

1.3 Evidence and Readiness 

Regulatory status (e.g. FDA, TGA, EMA, HC Canada): FDA has approved Azenta’s clinical long-read whole 
genome sequencing using PacBio’s Revio sequencer)1. No TGA approval at this time. 

Clinical validation: Studies demonstrate long read sequencing is better than short-read sequencing with 
diagnostic yield improvements for unresolved rare disease cases (e.g. Erdmann et al., 2023 for Ataxia). 

Methodology well characterised and published: (e.g. see Erdmann et al., 2023, application for Ataxia 
patients). 

National Adoption: Victoria has state government funding for pilot implementation at VCGS (personal 
communication, Seb Lunke, VCGS) using Oxford Nanopore Technology.   

Adoption by international genomic initiatives: 

• Genomics England is integrating long read sequencing into pilot studies2. 

• Broad Institute e.g. Long Read Lab3. 

• Investigated for use in the All of Us program (see Mahmoud et al, 2024). 

1.4 Market and Industry Engagement 

Key players: Oxford Nanopore Technologies (ONT), Pacific Biosciences (PacBio). Other Life Science companies 
such as Illumina (Complete technology) have competing technologies.  Some studies have done direct 
comparisons of sensitivity (e.g. Mahmoud et al., 2024). 

 
 
1 Azenta Obtains Regulatory Approval for Clinical Long-Read Whole Genome Sequencing Test (prnewswire.com) 
2 (https://re-docs.genomicsengland.co.uk/ont/) 
3 Long Read Lab | Broad Institute) 

https://www.prnewswire.com/news-releases/azenta-obtains-regulatory-approval-for-clinical-long-read-whole-genome-sequencing-test-302292009.html#:~:text=BURLINGTON%2C%20Mass.%2C%20Oct.,genetic%20basis%20of%20rare%20diseases.
https://www.broadinstitute.org/data-sciences-platform/long-read-lab
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1.5 Cost and Economic Considerations 

Infrastructure and test cost:  

• Platform cost of Oxford Nanopore MinION Mk1D is $US2,9994, PacBio Revlo Sequencer is 
$US779,0005. 

• Consumable costs are more expensive than for short-read sequencing6.  For example, flow cell 
consumables are typically more expensive, and more computation power is required (Marx et al., 
2023). flow cells: 24 pack flow cell pack for $US14,400.7 Test cost is estimated at < $20 per sample 
(Hall et al., 2024).    

Potential cost savings: 
Reducing length of diagnostic journey, resulting in fewer unnecessary tests/procedures, fewer hospital 
admissions vis a vis unnecessary tests and symptom management, shorter time to diagnosis and treatment. 

• Decreasing need for multiple rounds of testing (and/or reanalysis) when short-read sequencing is 
inconclusive.  Would also reduce the need for other clinical investigations (e.g. imaging, etc). 

1.6 Implementation Challenges and Barriers 

Regulatory considerations: Not approved for use in Australia at this time. 

Data analysis and interpretation: Requires specialized bioinformatics pipelines and trained personnel.  

Infrastructure: Purchasing of long-read sequencing unit and more expensive consumables.  Likely requires 
significant computational power and data storage and safe, ethical storage for long-read data processing. 

Workforce concerns: training of technical diagnostic laboratory and bioinformatics staff and likely new variant 
calling pipelines.  Automation of laboratory procedures may address some of the concerns8.  

Awareness and education of clinical staff (i.e. clinical geneticists and genetic counsellors) regarding technology. 

1.7 Strategic Priority for Australia 

Long read sequencing technologies generally align with Genomics Australia’s proposed priorities of improved 
rare disease diagnostics (see Department of Health and Aged Care (DOHAC) update 22 Feb 2025)9. The 
technology has been identified at the state and territory level; for example, VCGS has been awarded funding 
through the Victorian Medical Research Acceleration Fund that may lead to development of feasibility data10. 
Pilot projects could assess its cost-effectiveness in the Australian health system before widespread adoption 
and reimbursement. 

 
 
4 Nanopore store: Price List 
5 PacBio Announces Record Orders, Including Orders for 76 Revio Systems Received in the Fourth Quarter of 2022 - PacBio 
6 Long-Read Sequencing vs Short-Read Sequencing: A Comparison 
7 Nanopore store: Price List 
8 Long-Read Sequencing Automation Gains Traction but Bottlenecks Remain | GenomeWeb 
9 https://www.health.gov.au/our-work/establishing-genomics-australia 
10  VMRAF grant - Murdoch Children's Research Institute  

https://store.nanoporetech.com/priceList.html
https://www.pacb.com/press_releases/pacbio-announces-record-orders-including-orders-for-76-revio-systems-received-in-the-fourth-quarter-of-2022/#:~:text=The%20Revio%20System%20has%20a,for%20the%20300%2Dcycle%20kit.
https://www.base4.co.uk/long-read-sequencing-vs-short-read-sequencing-a-comparison/
https://store.nanoporetech.com/priceList.html
https://www.genomeweb.com/sequencing/long-read-sequencing-automation-gains-traction-bottlenecks-remain
https://www.health.gov.au/our-work/establishing-genomics-australia
https://www.mcri.edu.au/news/awards/associate-professor-sebastian-lunke-awarded-vmraf-grant
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Figure 1: Schematic diagram of a. PacBio SMRT sequencing and b. ONT (Oehler et al., 2023, Figure 1,  The 
application of long-read sequencing in clinical settings - PMC). 

  

https://pmc.ncbi.nlm.nih.gov/articles/PMC10410870/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10410870/
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2 Spatial Genomics  

2.1 Technology Overview 

Spatial genomics in the context of clinical care is a rapidly evolving technique which combines both genomic 
sequencing with a spatial context. This permits a more complete interpretation of gene location of the cell or 
tissue a gene is expressed in to allow for better disease diagnosis and treatment. Techniques involved include 
in situ hybridization and DNA barcoding technology (Mulholland & Leedham., 2024; Bressan et al., 2023). 

As outlined in Williams et al. (2022):  

“Although technologies for counting and profiling transcripts in tissue have existed for decades, 
it was only in 2021 that spatial transcriptomics was named ‘Method of the Year 2020’ by Nature 
Methods. The field continues to grow fast, driven by numerous factors including the reduced 
cost of next-generation sequencing, initiatives such as the Human Cell Atlas, and the BRAIN 
Initiative Cell Census Consortium, increases in computing capacity, and improvements in 
microscopy and imaging.” 

Spatial Genomics is an emerging technology that combines gene expression (see example in Figure 2) and the 
spatial context of tissues. Positional information (i.e. spatial) allows for more insight into tumour micro-
environments (noting considerable tumour heterogeneity that can occur), and relating this to spatial factors 
in, for example, neurological diseases, and developmental biology. 

2.2 Potential Healthcare Applications 

Oncology:  

• More complete tumour characterization – preserving tumour architecture addresses tumour 
heterogeneity and clonal evolution directly (Zhao et al., 2022) 

• Enhanced biomarker discovery; e.g. in pancreatic adenocarcinoma samples, spatial techniques allow 
for identification of paracrine and autocrine signalling (Lyubetskaya et al., 2022). 

Neurology: 

• Spatial transcriptomics has been used to study Alzheimer’s disease, permitting gene co-expression 
networks to be investigated in amyloid plaques (Chen et al., 2020). 

Clinical trials and Therapies: 

• Aids in risk stratification of patients for clinical trials and disease-appropriate therapies (Mulholland & 
Leedham., 2024).  The ability to stratify patients for selection in clinical trials (using spatial 
techniques) has been predicted to save up to US$20 billion (Locke & Hoyt, 2023). 

2.3 Evidence and Readiness 

Regulatory status: 

• Not TGA approved. 

• SimBioSys Gains has FDA Approval for Spatial Omics Platform in Breast Cancer11. 

Clinical validation: 

• Still primarily used in research, as reflected in examples below. 

• Studies show spatial transcriptomics outperforms RNA sequencing in identifying tumour subtypes. 
(see An et al., 2024). 

• Pilot studies, for example in breast cancer, demonstrate feasibility for clinical use (Yu et al., 2022). 

• Broad Institute is incorporating spatial genomics in cancer research programs (e.g. collaboration 
between Broad and Illumina using Illumina Connected Multiomics12). 

• GA4GH is developing data standards for spatial transcriptomics (e.g. see Jackson and Pachter 2023). 

 
 
11 https://www.precisionmedicineonline.com/precision-oncology/simbiosys-gains-fda-approval-spatial-omics-platform-
breast-cancer-seeks 
12 Broad Institute and Illumina announce collaboration on Spatial Flagship Project 

https://www.precisionmedicineonline.com/precision-oncology/simbiosys-gains-fda-approval-spatial-omics-platform-breast-cancer-seeks
https://www.precisionmedicineonline.com/precision-oncology/simbiosys-gains-fda-approval-spatial-omics-platform-breast-cancer-seeks
https://www.illumina.com/company/news-center/press-releases/press-release-details.html?newsid=10a7ec49-da37-40d8-8aff-0e8e149b9534
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2.4 Market and Industry Engagement 

Key players:  

• NanoString GeoMx DSP (digital spatial profiling)13. 

• 10x Genomics Visium (“unbiased spatial transcriptomics”)14. 

• BGI STOmics stereo-seq15. 

• Illumina – uses Illumina Connected multiomics platform16. 

Industry developments: 

• Rapid advancements in single-cell and spatial multiomics integration. 

• There are “turnkey” solutions on offer. Greater commercial adoption will strengthen accessibility 
(Bressan et al., 2023). 

2.5 Cost and Economic Considerations 

Infrastructure and test Cost:  

• NanoString GeoMx DSP: US$300,000 for new system17 18. 

• 10x Genomics Visium: US$2,200-4,300 per sample19. Platform is compatible with Illumina sequencers 
such as NovaSeq 6000 and HiSeq 2500. 

• BGI STOmics stereo-seq: from US$7000 per sample20 .  Platform is compatible with MGI DNBSEQ 
technology. 

• Illumina – uses Illumina Connected multiomics platform: NovaSeq X ~US$1 million; MiSeq i100, 
US$49,000 (noting platforms may already be available for other NGS applications)21.  

Potential cost savings: this technology: 

• May lead to more accurate cancer treatment. 

• May require fewer tissue biopsies. 

• May also address tumour heterogeneity issues. 

2.6 Implementation Challenges and Barriers 

Data complexity: Requires advanced bioinformatics expertise for large-scale spatial datasets. 

Standardization: Lack of clinical guidelines for spatial genomics implementation in diagnostics. 

Infrastructure: Requires high-resolution imaging systems, computational power, and data storage. 

Workforce: upskilling of laboratory diagnostic and Bioinformatics staff – currently mainly in the research 
space. 

2.7 Strategic Priority for Australia 

VMRAF grant (VIC) – Project title: Using Intelligent Analytics and Spatial Genomics to Improve Immunotherapy 
Treatment Outcomes in Breast Cancer Patients (La Trobe University)22.   Spatial Genomics could be integrated 
into national cancer genomics initiatives (e.g.  Victorian Comprehensive Cancer Centre, ZERO2, ICCON, 
KConFab). 

 

 
 
13 GeoMx DSP Spatial Genomics Overview | NanoString 
14 Visium Spatial Platform - 10x Genomics 
15 STOmics Stereo-seq | Advanced Spatial Multi-omics Technology 
16 Illumina spatial 
17 NanoString GeoMx DSP Digital Spatial Profiler - AV | LabX.com 
18 https://nanostring.com/blog/the-birth-of-spatial-genomics/ 
19 https://www.uth.edu/cgc/price.htm 
20 Limited Promotion: Unlock Research Potential with Advanced Sequencing 
21 Illumina launches compact, low-cost gene sequencing devices | Reuters 
22 https://djsir.vic.gov.au/medical-research/sector-support/Victorian-Medical-Research-Acceleration-Fund 

https://nanostring.com/products/geomx-digital-spatial-profiler/geomx-dsp-overview/
https://www.10xgenomics.com/platforms/visium
https://en.stomics.tech/
https://www.illumina.com/company/news-center/press-releases/press-release-details.html?newsid=10a7ec49-da37-40d8-8aff-0e8e149b9534
https://www.labx.com/item/nanostring-geomx-dsp-digital-spatial-profiler-av-1739317073562279/14378968
https://nanostring.com/blog/the-birth-of-spatial-genomics/
https://www.uth.edu/cgc/price.htm
https://www.bgi.com/global/news/exclusive-promotion
https://www.reuters.com/business/healthcare-pharmaceuticals/illumina-launches-compact-low-cost-gene-sequencing-devices-2024-10-09/#:~:text=The%20U.S.%20list%20price%20for,a%20list%20price%20of%20$109%2C000.
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Figure 2. Graphical abstract (from Schott et al., 2024, Open-ST: High-resolution spatial transcriptomics in 3D. 
Open-ST: High-resolution spatial transcriptomics in 3D: Cell)  

 
 
 
 
 
 
 
 
 
 
 

 

https://www.cell.com/cell/fulltext/S0092-8674(24)00636-6?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0092867424006366%3Fshowall%3Dtrue
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3 Sequencing in the field: use of low cost, highly portable 
NGS units for clinical applications 

3.1 Technology Overview 

‘Sequencing in the field’ can be described as bringing next generation sequencing (NGS) technology to remote 
locations, thus removing the need for central laboratory diagnostic infrastructure and alleviating concerns 
regarding equity of access for remote communities. The COVID-19 pandemic highlighted the need for such 
portability in remote locations, particularly for vulnerable populations. This concept has been around for more 
than a decade23 but recently reduction in the cost of sequencers and connectivity in remote locations (e.g. 
Satellite systems) have increased potential viability. For example, the MinION, a portable palm-sized nanopore 
sequencing device (see Figure 3), has been available since 2014. The technology is compact, lightweight (e.g. 
weighs only 0.1kg) and has relatively fast sequencing turnaround times. This brings the technology to the area 
of need, with several applications, particularly in the infectious disease space (some may have indirect 
relevance to genomics). The MinION has been used in a range of settings including rainforests in Tanzania, 
Ecuador, Canadian High Arctic and International space stations (Mongan et al., 2019), aligning with the World 
Health Organisation24 25 

3.2 Potential Healthcare Applications 

Infectious disease surveillance: Used in outbreak detection for pathogens such as Ebola, SARS-CoV-2 in 
remote locations. (see Latorre-Perez, 2020). 

Antimicrobial resistance (AMR) monitoring: Enables real-time tracking of resistant bacterial strains in 
hospitals and communities. 

Cancer diagnostics: Potential for on-site mutation profiling (potentially germline and somatic), particularly in 
under-resourced areas. 

Environmental health: Used in monitoring microbial communities in water and food safety applications (e.g. 
flood waters), potentially aiding in post natural disasters managing. 

Health adjacent application: use in detecting biothreats, see Tyler et al (2023). 

3.3 Evidence and Readiness 

Regulatory Status Limited regulatory approvals for clinical applications, though used in research and public 
health surveillance.  Not TGA approved. 

Validation status: 

• The MinION has been tested in real-world settings (e.g. the 2014 Ebola outbreak; Quick et al., 2016). 

• Validated for microbial whole genome (WG) sequencing (Tyler et al., 2018). 

3.4 Market and Industry Engagement 

Key biotech and industry members: Oxford Nanopore Technologies26 (MinION, Flongle), Illumina (iSeq for 
small-scale sequencing). 

Commercial availability: 

• The MinION is available commercially for US$2,999, significantly reducing costs compared to 
traditional sequencers. Technology has been available since 2014. 

 
 
23 https://www.otago.ac.nz/news/newsroom/revolutionary-handheld-dna-diagnostic-unit-allows-lab-quality-analysis-in-
the-field 
24 WHO Strategy document.  Global genomic surveillance strategy for pathogens with pandemic and epidemic potential, 
2022-2032. https://www.who.int/initiatives/genomic-surveillance-strategy 
25 https://nanoporetech.com/news/news-oxford-nanopore-sequencing-technology-used-develop-assay-comprehensive-
variant 
26 https://nanoporetech.com 

https://www.otago.ac.nz/news/newsroom/revolutionary-handheld-dna-diagnostic-unit-allows-lab-quality-analysis-in-the-field
https://www.otago.ac.nz/news/newsroom/revolutionary-handheld-dna-diagnostic-unit-allows-lab-quality-analysis-in-the-field
https://nanoporetech.com/news/news-oxford-nanopore-sequencing-technology-used-develop-assay-comprehensive-variant
https://nanoporetech.com/news/news-oxford-nanopore-sequencing-technology-used-develop-assay-comprehensive-variant
https://nanoporetech.com/
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• The Flongle adapter (i.e. a flow cell dongle) enables even lower-cost, disposable sequencing for single-
use diagnostics27.   

• Illumina iSeq 100 desktop sequencer costs approximately US$20,00028. 

Technical challenges: 

• Lower accuracy of nano technologies compared to core NGS sequencers (Zhang et al., 2024). 

• Sensitivity issues of MinION vs. more traditional PCR (e.g. in context of testing for rabies virus in 
Kenya; see Gigante et al., 2020). 

• Need for real-time data/analytical processing capabilities in field settings.  However, can be used 
offline with whole genome sequencing (WGS) projects and software (e.g. MinION in context of Ebola 
surveillance; Quick et al., 2016). 

• Training required of local personnel. 

Infrastructure needs: 

• the recommended or optimal number of units to cover a specified area/region/state/etc., and for a 
specified purpose, is unclear. 

• Dependence on computing power, may create a bottleneck29. 

• Workforce Training requirements for healthcare workers in non-genomic settings. 

• Scalability concerns – how might this technology be implemented in Australian rural/remote 
settings? As outlined by Wasswa et al. (2022): “development of field laboratory packages by the 
manufacturer and project engineers would encourage the use of technology with minimal laboratory 
infrastructure. For example, equipment and consumables packaged within self-contained systems that 
also work as temporary bench tops in the field would greatly enhance the accessibility of MinION 
technology in remote regions of the world.” 

3.5 Cost and Economic Considerations 

Cost of implementation: 

• Device: US$2,99930 (MinION Mk1D). 

• Consumables: Flow cells from US$60031, making it accessible for small labs and field use.  

• Data storage and analysis: Computational costs vary depending on location; may require satellite 
network infrastructure for sending data results (e.g. Starlink Mini32).  Note, combined with a laptop, 
base-calling software may be run offline, but may require a local basecaller installed e.g. Guppy for 
ONT33. 

Potential cost savings: 

• Faster outbreak response for infectious diseases, potentially leading to fewer hospitalisations.  

• Decentralization of genomics lowers reliance on central sequencing labs, particularly true in the ‘hub 
and spoke’ model of some Australian states and territories, and dependence on centralized state and 
territory pathology providers. 

3.6 Implementation challenges and barriers 

Data accuracy: higher error rates in Nanopore based sequencing compared to short read NGS requires further 
benchmarking. 

Sample integrity: DNA and RNA extraction outside of diagnostic laboratory conditions can present technical 
challenges. 

Connectivity issues: may require satellite connectivity for data connectivity and data transfer. 

Workforce training: of healthcare workers in rural and remote settings. 

 
 
27 https://nanoporetech.com/document/requirements/flongle-spec 
28 Illumina iSeq 100 
29 Sequencing • PANDORA 
30 Nanopore store: Store home 
31 Nanopore store: Flow cells 
32 Starlink | Roam 
33 Guppy protocol | Oxford Nanopore Technologies 

https://nanoporetech.com/document/requirements/flongle-spec
https://genohub.com/ngs-sequencer/6/illumina-iseq-100/
https://pandora.tghn.org/sequencing/
https://store.nanoporetech.com/
https://store.nanoporetech.com/flow-cells.html
https://www.starlink.com/au/roam
https://nanoporetech.com/document/Guppy-protocol
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3.7 Strategic Priority for Australia 

Potential for early adoption:  Australia’s remote and rural healthcare needs make portable sequencing highly 
relevant.  This also relates to the National Health Genomics Policy Framework commitment to cultural safe 
and appropriate service delivery to Aboriginal and Torres Strait Islanders who may live in rural, remote and 
very remote areas34.  Casauria et al., (2024) encouraged the need to continue to assess access and equity 
issues regarding genetic test availability – the ability of portable NGS units to be employed under certain 
conditions would address these issues. 

 

 

 

Figure 3:  Schematic diagram indicating the composition of the MinION device, flow cell, nanopore, real-time 
computer access, and process management.  Green is active, blue is inactive, and yellow are recovery pores on 
the nanopore membrane.  (Wasswa et al., (2022), Figure 1, MinION Whole-Genome Sequencing in Resource-
Limited Settings: Challenges and Opportunities - PMC) 

 

  

 
 
34 National Health Genomics Policy Framework 2018–2021 

https://pmc.ncbi.nlm.nih.gov/articles/PMC9669520/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9669520/
https://www.health.gov.au/sites/default/files/documents/2022/03/national-health-genomics-policy-framework-2018-2021.pdf
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4 Genome-wide CRISPR Screening for Functional Genomics 

4.1 Technology Overview 

The CRISPR-Cas9 (and related) technology (or related tools) can be used for various applications, including 
genomic screening using a functional genomics approach (Aregger et al., 2019, see also Figure 4), drug 
sensitivity testing or drug resistance studies (Aregger et al., 2019).  As the technology becomes more 
accessible and scalable there is significant promise to advance genomic precision medicine. 

From Li et al., 2023: 

“Large-scale functional genomics screening is a powerful approach to systematically probe gene 
function. Its implementation in human cells has been substantially facilitated by the advent of 
new CRISPR-based technologies. Adapted from a bacterial innate immune system, CRISPR-Cas9 
and its derivatives are robust and versatile tools for gene editing and manipulation in human 
cells. Attributed to the programmable and multiplexable nature of CRISPR-based technologies, 
they have been widely applied to introduce massively parallel genetic perturbations in large-scale 
functional genomics screens. Currently, three types of CRISPR-based perturbations are commonly 
used in such screens: (1) CRISPR knockout (CRISPRn), which utilizes the Cas9 nuclease to disrupt a 
target gene by introducing frameshift indels; (2) CRISPR interference (CRISPRi), which utilizes a 
catalytically dead Cas9 (dCas9) fused with a transcriptional repressor domain to silence the 
transcription of a target gene; and (3) CRISPR activation (CRISPRa), which utilizes dCas9 fused 
with transcriptional activator domains to activate the transcription of a target gene. Compared 
with CRISPRn, CRISPRi does not induce DNA double-strand breaks and thus is less toxic to cells 
that are sensitive to DNA damage, such as hPSCs.”  

4.2 Potential Healthcare Applications 

Cancer Research: Using lung cancer as an example, Shen et al., (2022) summarizes CRISPR knockout (to 
achieve loss of function mutations), interference (using dCas9, a nuclease dead version of the protein) and 
activation (by fusing transcriptional activators) can be used to overcome chemotherapy resistance, 
overcoming radiation resistance, boosting immunotherapy, and identifying novel targets (Shen et al., 2022). 

Metabolic disorders: CRSIPR screens have been utilized in a variety of metabolic disorders.  For example, in 
Type 2 diabetes, a CRIPSR loss of function screen identified genes (such as CALCOCO2) regulating insulin 
secretion (Rottner et al., 2023).  In the context of obesity, D-Lynes et al., 2023 used a genome-wide loss of 
function screen to investigate regulators of glucose metabolism in brown adipocytes. 

Drug discovery: CRISPR screens can be used to identify markers relating to differential drug response.  For 
example, a genome-wide activation library was used to identify genes relating to the drug metformin (diabetes 
drug with anti-tumour properties) resistance in prostate cancer cells (Chen et al., 2021). 

4.3 Evidence and Readiness  

Regulatory and Ethical Considerations: 

Ethical Considerations: As gene editing progresses toward clinical applications, ethical concerns in relation to 
affecting the germline and any unintended consequences. (Ayanoglu et al., 2020). 

Limited regulatory approval35 

FDA, EMA and Health Canada approval circa 2023 for Casgevy, a CRISPR therapy to treat sickle-cell disease.36 37 
38. 

 

 

 
 
35 https://crispr-gene-editing-regs-tracker.geneticliteracyproject.org/australia-therapeutic-stem-cell/ 
36 https://www.nature.com/articles/d41587-023-00016-6 
37 https://innovativegenomics.org/news/crispr-clinical-trials-2024/ 
38 Summary Basis of Decision for Casgevy - Drug and Health Products Portal 

https://crispr-gene-editing-regs-tracker.geneticliteracyproject.org/australia-therapeutic-stem-cell/
https://www.nature.com/articles/d41587-023-00016-6
https://innovativegenomics.org/news/crispr-clinical-trials-2024/
https://dhpp.hpfb-dgpsa.ca/review-documents/resource/SBD1739203842068
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Validation Status: 

• Preclinical studies and large-scale functional genomics efforts have demonstrated the effectiveness of 
genome wide CRISPR screens (see Li et al., 2023).  Ten clinical trials actively recruiting using CRISPR 
functional screens (clinicaltrials.gov). 

International Genomic Initiatives: 

• Broad Institute: see collaborative efforts39. 

• Genome Canada: for example, COVID1940. 

• Australian Functional Genomics Network41. 

4.4 Market and Industry Engagement 

Key Industry Participants: 

• CRISPR Therapeutics, Beam Therapeutics. 

Technology providers: 

• Illumina, 10x Genomics, PacBio.  
 

4.5 Implementation Challenges and Barriers 

Technical: 

• Incomplete knockout or knockdown efficiency in animal models. 

• Challenges in screening non-coding regions and gene regulatory elements. 

• Off target effects (see Guo et al., 2023). 

Infrastructure and Training: 

• Requires specialized sequencing facilities, bioinformatics pipelines, and expertise in functional 
genomics analysis.  Strategic funding of groups such as the Australia Functional Genomics Network 
(https://www.functionalgenomics.org.au/) Local Australian Conferences on Crispr have been 
organized42.  

4.6 Cost and Economic Considerations 

Estimated Costs: High cost introduces major issues regarding equity and patient access to such treatments in 
healthcare.  Variable set up costs, for example Cancer Research Horizons, can offer a cell-line CRISPR screen at 
a relatively low price (GB4,000 pounds)43 .  Treatment cost per patient can be very high (e.g. US$2.2 million per 
patient for Casgevy; see Rueda et al., 2024).   

Potential Cost Savings:  Relatively speaking, could be more cost-effective compared to Zinc-finger nuclease 
(ZFN) and Transcription Activator-Like Effector Nuclease (TALEN) systems, which both require protein 
engineering44. If such therapies can demonstrate long-term effectiveness, could be cheaper than existing 
treatments. 

4.7 Strategic Priority for Australia 

This technology aligns with the Medical Research Future Fund generally, with funding of CRISPR technology 
projects45.  Opportunities to leverage existing networks, e.g. Australian Functional Genomics Network. By 
uncovering the mechanisms of disease and clinically actionable targets across cancer and rare disease, the 
technology relates to areas prioritized in the Australian Cancer Plan46 and National Strategic Action Plan for 
Rare Diseases. Technology has the potential to treat rare diseases that were previously considered untreatable 

 
 
39 here https://www.broadinstitute.org/research-highlights-crispr 
40 https://genomecanada.ca/project/integration-genomics-and-ai-accelerate-drug-discovery-against-covid-19/ 
41 (https://www.functionalgenomics.org.au/) 
42  https://phenomicsaustralia.org.au/crispr-down-under-2025/ 
43 Functional Genomics Centre | Cancer Research Horizons 
44 What are the pros and cons of CRISPR-Cas9? | IDT 
45 MRFF invests $8m into two nationally significant Monash-led mRNA projects - Monash University 
46 Australian Cancer Plan | Cancer Australia 

https://genomecanada.ca/project/integration-genomics-and-ai-accelerate-drug-discovery-against-covid-19/
https://phenomicsaustralia.org.au/crispr-down-under-2025/
https://www.cancerresearchhorizons.com/our-translational-science/functional-genomics-centre#:~:text=Cost%20for%20projects%20entering%20the,This%20cost%20will%20include:
https://sg.idtdna.com/pages/education/decoded/article/crispr-cas9-what-are-the-pros-and-cons#:~:text=Cost%2Deffective%20%E2%80%93%20Because%20of%20the,)%2C%20which%20require%20protein%20engineering.
https://www.monash.edu/news/articles/mrff-funds-new-national-centre-for-mrna-medicines
https://www.canceraustralia.gov.au/australian-cancer-plan
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– but at a significant cost, which raises concerns around access, operational capability and capacity and fiscal 
sustainability. 

 
Figure 4: DNA cleavage by the CRISPR-Cas9 system. (Thomas, 2023, Figure 1 What are the pros and cons of 
CRISPR-Cas9? | IDT)    
 

  

https://sg.idtdna.com/pages/education/decoded/article/crispr-cas9-what-are-the-pros-and-cons#:~:text=Cost%2Deffective%20%E2%80%93%20Because%20of%20the,)%2C%20which%20require%20protein%20engineering.
https://sg.idtdna.com/pages/education/decoded/article/crispr-cas9-what-are-the-pros-and-cons#:~:text=Cost%2Deffective%20%E2%80%93%20Because%20of%20the,)%2C%20which%20require%20protein%20engineering.
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5 Artificial intelligence (AI) and Drug Discovery in the 
context of Genomic Precision Medicine 

5.1 Technology Overview 

The power of AI is increasingly being used in a wide range of applications in relation to precision medicine. In 
the context of clinical genomics, AI in drug development can aid in drug target identification, patient 
stratification and clinical trial design (Niazi 2023).  

As outlined in Paul et al., 2020: 

“Artificial Intelligence (AI) has recently started to gear-up its application in various sectors of 
the society with the pharmaceutical industry as a front-runner beneficiary. This review 
highlights the impactful use of AI in diverse areas of the pharmaceutical sectors viz., drug 
discovery and development, drug repurposing, improving pharmaceutical productivity, clinical 
trials, etc. to name a few, thus reducing the human workload as well as achieving targets in a 
short period. Crosstalk on the tools and techniques utilized in enforcing AI, ongoing challenges, 
and ways to overcome them, along with the future of AI in the pharmaceutical industry, is also 
discussed.” 

Although there may be ethical concerns and data security issues, AI will increasingly be applied to many 
aspects of healthcare, particularly drug development. Further work is needed to address ethical concerns and 
demonstrate the beneficial impact of AI on healthcare delivery and potential savings. Alliances between AI 
companies and Pharma are increasing (see also Table 1 below). 

5.2 Potential Healthcare Applications 

Predicting drug efficacy and toxicity: Machine learning models are being used to predict oncology drug 
efficacy and toxicity, thus increasing patient benefits (Badwan et al., 2023). 

Drug repurposing: AI can speed up drug repurposing by identifying new uses of existing compounds for 
therapeutics, using data driven methods (Paul et al., 2020). 

Personalized medicine: i.e. tailoring drug dosing for individual patient’s genetic risk factors and/or germline 
profile (Tremmel et al., 2024). 

Clinical trial optimization: for example, by predicting outcomes and reducing trial costs (Paul et al., 2020). 

Discovery of new therapies: use of AI to rapidly identify novel drug targets (Blanco-Gonzalex et al., 2023). 

5.3 Evidence and Readiness 

Regulatory status: FDA has outlined draft guidance on the use of AI in the development of drug and biological 
products47, 48.   

The FDA has performed a general consultation on regulation AI within the therapeutic goods sector, including 
software as a medical device49, which may streamline future applications. 

Adoption in major genomic initiatives: 

• Broad Institute collaborates with machine learning groups for large-scale drug screening (e.g. at the 
Schmidt Institute50). 

• Genome Canada funds AI-powered drug repurposing projects (e.g. for COVID19 targets51). 

 
 
47 FDA issues first guidance on the use of AI in drug development - Drug Discovery World (DDW 
48 Using Artificial Intelligence & Machine Learning in the Development of Drug and Biological Products 
49 Consultation: Clarifying and strengthening the regulation of Artificial Intelligence (AI) | Therapeutic Goods 
Administration (TGA 
50 https://www.broadinstitute.org/news/new-machine-learning-techniques-boost-predictions-virtual-drug-screening-less-
data 
51 https://genomecanada.ca/fourteen-ai-research-projects-join-fight-against-covid-19/ 

https://www.fda.gov/media/167973/download
https://www.broadinstitute.org/news/new-machine-learning-techniques-boost-predictions-virtual-drug-screening-less-data
https://www.broadinstitute.org/news/new-machine-learning-techniques-boost-predictions-virtual-drug-screening-less-data
https://genomecanada.ca/fourteen-ai-research-projects-join-fight-against-covid-19/
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• Exscientia’s AI-optimized precision oncology drug, EXS21546, is in Phase I clinical evaluation 202052  
However, in 2023, Phase I/II trials were discontinued due to modelling indicating a high dose was 
needed for therapeutic effect. 

5.4 Market and Industry Engagement 

For key players in AI drug discovery, refer to Figure 5 and Table 1 below. 

5.5 Implementation Challenges and Barriers 

Data limitations: AI models rely on high-quality genomic and biomedical datasets, which are often incomplete 
or biased53 . 

Regulatory hurdles: Regulatory agencies globally are still adapting to AI-driven drug design methodologies53. 

High computational demand requires adequate infrastructure. 

Workforce considerations:  Need for skilled data scientists, bioinformaticians, collaborations between 
research and big pharma.  In Australian setting, also highlights need for more clinical trial data for Aboriginal 
and Torres Strait Islanders. 

Public Perception of AI generally:  A recent study by Gillespie et al., (2025) indicated that Australia ranked the 
lowest in a by country comparison (n=47 countries) of positive AI emotion (Figure 15), indicating ongoing risk-
aversion in AI by society generally. 

5.6 Cost and Economic Considerations 
Comparator and Investment in AI-powered drug discovery: 

• Traditional drug discovery typically takes more than a decade and costs US$2 - $2.8 billion54 (Paul et 
al., 2021) per successful drug candidate. 

• Expected investment by pharma in AI would be US$5 billion by 2024 (Paul et al., 2021). 

5.7 Strategic Priority for Australia 

This technology application broadly aligns with the Medical Research Future Fund and National Science and 
Research Priorities.  There is a need for continued academic / pharmaceutical and clinical collaborations to 
accelerate innovation (e.g. UNSW and Algorae Pharmaceuticals55).  The National Health and Medical Research 
Strategy is currently being developed and provides an opportunity and identify any gaps and to address 
workforce issues in the health and medical research sector. The National Digital Health Strategy (2023-2028) 
also identifies a plan to be ready for emerging data sources and technology, including genomics and artificial 
intelligence56.  

 
 
52 Exscientia pares down 'rapidly emerging pipeline' 
53 Nature editorial. (2023). AI’s potential to accelerate drug discovery needs a reality check. Nature, 622, 217. 
DOI: 10.1038/d41586-023-03172-6 
54 Considerations for the Use of Artificial Intelligence To Support Regulatory Decision-Making for Drug and Biological 
Products | FDA 
55 https://www.itnews.com.au/news/unsw-using-ai-to-help-with-drug-development-601002 
56 National Digital Health Strategy 

https://www.fiercebiotech.com/biotech/ai-drug-hunter-exscientia-chops-down-rapidly-emerging-pipeline-focus-2-main-oncology#:~:text=Meanwhile%2C%20A2A%20candidate%20EXS21546%20will,Oncology%20meeting%20later%20this%20month.
https://doi.org/10.1038/d41586-023-03172-6
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/considerations-use-artificial-intelligence-support-regulatory-decision-making-drug-and-biological
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/considerations-use-artificial-intelligence-support-regulatory-decision-making-drug-and-biological
https://www.itnews.com.au/news/unsw-using-ai-to-help-with-drug-development-601002
https://nqphn.com.au/sites/default/files/2024-02/national-digital-health-strategy-2023-2028.pdf
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Figure 5.  Pharmaceutical key players that utilize AI (Paul et al., (2021), Figure 4, Artificial intelligence 
in drug discovery and development - PMC). 

 
 

 

 

 

 

https://pmc.ncbi.nlm.nih.gov/articles/PMC7577280/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7577280/
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Table 1. Selected recent financings of companies applying AI in drug discovery57.   

 

 

 

 

 

 
 
57 Tapping into the drug discovery potential of AI 

https://www.nature.com/articles/d43747-021-00045-7
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6 Pharmacogenomics in Mental Health 

6.1 Technology Overview 

Pharmacogenomics in mental health involves using genetic information to guide the prescription of psychiatric 
medications, with the goal of targeting appropriate medication and dosage leading to improving efficacy and 
reducing adverse effects.  

According to Hughes (2023): “Pharmacogenomics is a field of precision medicine which seeks to apply 
knowledge of human genetic variation to inform and individualise medicine use. Improved health outcomes 
from pharmacogenomics are achieved through prevention of adverse drug reactions and gains in drug 
efficacy.” 

Mental health was identified by Hughes (2023) as a potential exemplar of pharmacogenomics, particularly 
psychiatry, because it has a growing evidence base of medicines with actionable genetic variants, that is, 
variants that if present lead to meaningful drug or dosage decisions. In addition: 

• Psychiatry has less objective phenotypic markers than other therapeutic areas such as cardiovascular 
disease. 

• Mental health has a significant disease burden and increasing prevalence. 

• Patients interact with multiple health professionals in both hospital and primary healthcare systems - 
exposing greater numbers of practitioners to pharmacogenomics more quickly. 

• Depression has many drug treatment options and testing has the potential to aid the decisions. 

This field has progressed from research to clinical implementation, with commercial tests available and 
growing integration into psychiatric practice. However, large-scale adoption remains variable (Figure 6). 

6.2 Potential Healthcare Applications  

In the context of mental health, pharmacogenomics has been researched in depression, anxiety, 
schizophrenia, bipolar and ADHA. Pharmacogenomics can also be applied to other diseases including drug 
selection and dosing in oncology (e.g. fluoropyrimidines), pain management and HIV treatment. We focus here 
on Mental Health, which is the readiest for implementation in terms of evidence and readiness. 

6.3 Evidence and Readiness 

Regulatory Approvals:  
The TGA categorises all tests in the same class - moderate to high risk (Class 3 in-vitro medical devices). 
(Hughes 2023) 

FDA has included pharmacogenomic warnings on certain psychiatric drugs (e.g., CYP2D6 interactions with 
SSRIs).  As outlined by Hughes 2023:  

• The US FDA and other national drug agencies have assumed regulatory authority for 
pharmacogenomics, mandating pharmacogenomic data in product labels and drug registration 
applications, regulating laboratory developed tests and more. 

• The FDA now has 209 and the EMA 94 drug labels with pharmacogenomics prescribing information. 

• Labelling recommendations are not consistent (or harmonised) across agencies. 

• Some regulators are moving to include pharmacogenomic data to improve genetic understanding of 
adverse events. 

• Differing standards exist for regulating laboratory developed tests such as pharmacogenomics, and 
direct-to-consumer tests. 

Recognition in International Horizon Scanning or related Genomic Initiatives:  

• All of Us Research Program – see review of Pharmacogenetics in Empey et al., (2025).  
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• CADTH performed a horizon scan of Pharmacogenomic testing in psychiatric disorders (Young et al., 
2023).  Selected for inclusion on the 2023 CADTH watchlist58.  As outlined by Young et al., (2023): 

“As the evidence regarding the use of pharmacogenomic testing for psychiatric disorders 
continues to evolve, implementors of this technology should consider issues related to 
clinician education and training, privacy and confidentiality of health data, and the potential 
for testing to exacerbate existing health inequities. Should pharmacogenomic testing be 
widely adopted, it has potential applicability in a high volume of treatment decisions. Health 
systems may need to consider expanding testing capacities by augmenting existing 
laboratory infrastructure, including testing equipment and personnel to conduct and interpret 
pharmacogenomic tests.” 

• Public perception of pharmacogenomics:  a recent study by Genomics England indicates good 
acceptability of pharmacogenomics as a tool in healthcare.  For example, their survey of public 
acceptance found that 89% of the public indicated that they would undergo a pharmacogenomics test 
(Magavern et al., 2025) and 85% of UK adults believed that the NHS should make pharmacogenomics 
tests available to those that regularly took medication (Magavern et al., 2025). 

6.4 Market and Industry Engagement 

Commercial Tests: Companies like GeneSight59 (Myriad Genetics), MyDNA, and PharmGKB60 offer clinically 
validated pharmacogenomic testing panels and GeneSight pharmacogenomic test for depression (Myriad 
Genetics. 

6.5 Implementation Challenges and Barriers 

Regulatory & Ethical Concerns: Data privacy, insurance discrimination, and informed consent issues remain 
challenges. 

Healthcare System Readiness: Many psychiatrists and/or psychologists are not trained in genomic medicine, 
limiting adoption. 

Reimbursement/Sustainability: RCPA has been advocating for greater accessibility to pharmacogenomic 
testing through the MBS61.  

Workforce Issues: Diagnostic laboratory readiness in terms of accreditation / training. 

6.6 Cost and Economic Considerations 
Cost of Testing: PGs test (Sonic) is priced at AU$197. MyDNA (based in Melbourne, VIC) offers a mental health 
medication test for $149. A Canadian study of 13 tests found a price range of CA$199 to $2,301 (median $499; 
Young and McDougal 2023). 

Cost Savings: In Canada, direct (physician visits, medication) and indirect costs (loss of productivity) of 
Psychiatric disorders are predicted to have an economic impact of CA$50 billion a year. 

An Australian systematic review in 2021   relating to pharmacogenomics and cost-effectiveness found in 10 of 
18 studies that PG testing was likely to be cost effective; 7 reported that testing could lead to cost savings, and 
one reported testing was not cost-effective (noting these studies were all in the area of major depressive 
disorders; (Karamperis et al., 2021)).   

6.7 Strategic Priority for Australia 

The application of this approach aligns with the Mental Health Australia Strategy 2024-2029, including driving 
better mental health policies and systems62.  The approach will also align with the Australian Commission on 
Safety and Quality in Health Care – Medication Safety Standards63 by implementing safe and appropriate 

 
 
58 2023 Watch List: Top 10 Precision Medicine Technologies and Issues 
59 GeneSight: Helping Patients with Depression Find the Right Antidepressant. 
60 https://www.pharmgkb.org/page/clinicianFAQ 
61 RCPA - Improving accessibility to pharmacogenomic testing 
62 mha_strategy_final.pdf 
63 Medication Safety Standard | Australian Commission on Safety and Quality in Health Care 

https://www.cda-amc.ca/sites/default/files/Tech%20Trends/2023/ER0013%20-%202023%20Watch%20List%20Final.pdf
https://myriad.com/myriad-genetics-blog/genesight-helping-patients-depression/
https://www.pharmgkb.org/page/clinicianFAQ
https://www.rcpa.edu.au/Library/Publications/PathWay/Docs/Improving-accessibility-to-pharmacogenomic-testing
https://mhaustralia.org/sites/default/files/docs/mha_strategy_final.pdf
https://www.safetyandquality.gov.au/standards/nsqhs-standards/medication-safety-standard
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prescription of drugs relating to genetic factors.  Pharmacogenomic data would be particularly suitable for 
incorporation into an electronic medical record and My Health Record, given the range of primary care and 
allied health healthcare workers involved.  Australian’s investment in genomics, digital health and medication 
safety will likely aid in implementation of pharmacogenomics. 

As summarised by Hughes (2023) regarding the current state of pharmacogenomics in Australia: 

• A small but increasing number of tests are conducted (both publicly and privately funded) from an 
increasing number of service providers, including direct-to-consumer.  

• Turnaround times for test results can be up to three weeks. 

• Public funding for tests through the MBS is currently only for two drug/gene pairs. 

• TGA categorises all tests in the same class - moderate to high risk (Class 3 in-vitro medical devices). 

• There is little evidence of cost-effectiveness and clinical utility in local contexts. 

• Australian genetic reference data is limited, and indigenous pharmacogenes are mostly unknown. 

• Poor knowledge and awareness among practitioners mean the workforce is unprepared, and 
similarly, there is little public knowledge. 

• Evidence-based models of service have not been developed. 

• Standards-based data options are absent for storing and accessing reports, sharing across 
jurisdictions, or integrating with clinical decision support. 

• Research activity is siloed in small trials and single-site hospital settings, resulting in little post-trial 
practice change. 

• Clinical champions are few as is political will to break status quo. 

 

 
Figure 6.  Example application of CPIC pharmacogenomic guidance for a patient with CYP2C19 variants 
prescribed citalopram (Berrou et al., (2023), Figure 2, Making the case for pharmacogenomics in the 
management of mental health conditions - The Pharmaceutical Journal). 
 

  

https://pharmaceutical-journal.com/article/research/making-the-case-for-pharmacogenomics-in-the-management-of-mental-health-conditions
https://pharmaceutical-journal.com/article/research/making-the-case-for-pharmacogenomics-in-the-management-of-mental-health-conditions
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7 In Vivo Base Editing and Prime Editing  

7.1 Technology Overview 

These are the next generation of CRISPR technology application.  Unlike CRISPR-Cas9, in vivo base and prime 
editing can correct mutations without causing any breaks in double-stranded DNA (Newby & Liu et al., 2021).  
For example, base editors (such as Cytosine Base Editors) use enzymes to directly convert one DNA base to 
another.  Prime editors (like PEmax) use a nickase Cas9 fused to a reverse transcriptase to make targeted edits 
that allow for a broader range of edits compared to CRISPR-Cas9 (Liu et al., 2024).  These techniques are well 
suited for use with large size genes (Kantor et al., 2020).  See also Figure 7 and Figure 8 for graphical 
depictions. 

As outlined by Newby and Liu (2021): 

“Two classes of genome editing agents are particularly well-suited for directly correcting disease 
mutations because they can install programmable edits with relatively few uncontrolled indel outcomes 
(high product purity). These are:  

(1) base editors (BEs), which use a programmable DNA binding protein such as a catalytically impaired 
CRISPR-Cas protein or a TALE repeat array to direct an adenine or cytidine deaminase to modify a 
targeted window of single-stranded DNA, resulting in C•G to T•A or A•T to G•C conversions.  Base 
editors can correct transition mutations, the largest single class of human disease-causing mutations, 
accounting for ∼30% of known disease alleles; and  

(2) prime editors, which use a nuclease-impaired Cas protein to direct a reverse transcriptase that can 
replace or insert any desired sequence based on the information encoded in the co-delivered prime 
editor guide RNA (pegRNA). Prime editors are highly versatile and have been demonstrated to be 
capable of installing any base-to-base change as well as insertions of up to 44 base pairs and deletions 
of up to 80 base pairs. In theory, these features could permit prime editors to correct >89% of known 
human disease-causing mutations, excluding only those that involve aneuploidy, chromosomal 
rearrangement, or large duplications, insertions, or deletions.”  

7.2 Potential Healthcare Applications 

Genetic Disease Therapy: e.g. cystic fibrosis, sickle cell disease (single point mutations).  These can be targeted 
by base editing.  For example, Anazlone et al. (2019) used prime editing in human cells ex vivo to correct 
genetic causes of sickle call and Tay-Sachs disease).  Mbakam et al. (2023) used prime editing in cultured 
human cells on mutations of the DMD gene on chromosome 1 that causes Duchenne muscular dystrophy. 

Cancer Therapy: can target both oncogenes and tumour suppressor genes. For example, Guerts et al. (2021) 
used prime editing to develop a model of TP53-mutant organoids in adult human stem-cell derived organoids. 

7.3 Evidence and Readiness 

In Australia, the Office of the Gene Technology Regulator has indicated that organisms modified by base or 
prime editors are not considered GMOs. “The legislative provisions referred to above do not exclude 
organisms modified using base editing or prime editing methods from regulation as GMOs, because the 
provisions are specific to enzymes with nuclease activity. Base editing and prime editing use disabled 
CRISPR/Cas9 coupled with other enzymatic domains to modify genes or genetic material, e.g. cytidine 
deaminase or adenosine deaminase64. “ 

Base Editing: Clinical trials for base editing in sickle cell disease and beta-thalassemia are in progress (e.g. 
Beam Therapeutics).  See also Table 2. 

Prime Editing: FDA approved Prime Medicine (application PM359) for phase 1 and phase 2 clinical trial in 
patients with chronic granulomatosis disease (CGD).  See also Table 2. 

 
 
64 Overview - status of gene editing and other new technologies 

https://www.ogtr.gov.au/sites/default/files/2025-02/status_of_gene_editing_and_other_new_technologies_feb_2025.pdf
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European Medicines Agency (EMA) EU-IN identified base and prime editing as part of their Genome editing 
Horizon Scanning report65. 

7.4 Market and Industry Engagement 

Beam Therapeutics66  
Prime Medicine67  
CRISPR Therapeutics68  
Intellia Therapeutics69  

7.5 Implementation Challenges and Barriers 

Off-target Effects: This refers to unintended genetic modifications in non-targeted areas (Kantor et al., 2020). 

Delivery Methods: Viral vectors, nanoparticles, and other delivery systems are being explored (Wang et al., 
2020; Duan et al., 2021) 

Ethical Considerations: As gene editing progresses toward clinical applications, ethical concerns in relation to 
affecting the germline and any unintended consequences. (Ayanoglu et al., 2020). 

7.6 Cost and Economic Considerations 

Preclinical and early research costs are high and challenging to quantify, with ethical and equity issues being 
raised70. 

Companies are offering Prime editing from AU$774 for prime editing mRNA71. 

Genscript offers base editor ABE8e for AU$31072.  

7.7 Strategic Priority for Australia 

Using genome-wide CRISPR screening for identification of new therapeutic targets and biomarkers in cancer 
and rare disease would align with the Australian Cancer Plan and the National Strategic Action Plan for Rare 
Diseases. In relation to biotechnology company and industry involvement, this technology relates to the 
National Reconstruction Fund73 and the Biotechnology Blueprint74 (AusBiotech). CRISPR-based therapies are 
also expected to be funded in due course through PBS and/or National Health Reform Agreement 
mechanisms.  

 

 
 
65 Genome Editing EU-IN Horizon Scanning Report 
66 Breaking new ground to advance science with the potential to change lives | Beam Therapeutics 
67 Prime Medicine | Delivering on the promise of Prime Editing 
68 Home | CRISPR Therapeutics). 
69 Intellia Therapeutics - Revolutionize the course of medicine 
70 https://thebulletin.org/2024/10/crispr-therapies-can-treat-disease-but-cost-millions-an-equity-based-approach-could-
bring-them-to-more-people/ 
71 Prime editing mRNA — Messenger Bio 
72 Next-Generation Base & Prime Editors | Off-the-Shelf Gene Editing Nucleases | GenScript 
73 Home page | National Reconstruction Fund Corporation 
74 Biotechnology Blueprint - AusBiotech Ltd 

https://www.ema.europa.eu/en/documents/report/genome-editing-eu-horizon-scanning-report_en.pdf?utm_source=chatgpt.com
https://beamtx.com/
https://primemedicine.com/
https://crisprtx.com/
https://www.intelliatx.com/
https://thebulletin.org/2024/10/crispr-therapies-can-treat-disease-but-cost-millions-an-equity-based-approach-could-bring-them-to-more-people/
https://thebulletin.org/2024/10/crispr-therapies-can-treat-disease-but-cost-millions-an-equity-based-approach-could-bring-them-to-more-people/
https://www.messenger.bio/store/p/prime-editing-mrna
https://www.genscript.com/base-prime-editing-nuclease.html?src=pullmenu
https://www.nrf.gov.au/
https://www.ausbiotech.org/policy-advocacy/biotech-blueprint#:~:text=For%20the%20first%20time%20in,solid%20companies%2C%20create%20more%20jobs%2C
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Figure 7.  Prime editing enables generation of oncogenic mutations in organoids (Geurts et al., (2021), Figure 2, 
Evaluating CRISPR-based prime editing for cancer modelling and CFTR repair in organoids - PMC). 

 
 

https://pmc.ncbi.nlm.nih.gov/articles/PMC8356249/


Horizon Scanning Report 
Australian Genomics  
 

 

24 

Figure 8. Graphical abstract (Newby and Liu (2021), In vivo somatic cell base editing and prime editing - PMC). 

  

https://pmc.ncbi.nlm.nih.gov/articles/PMC8571176/
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Table 2.  Comparison of advantages and disadvantages of CRISPR/Cas9, base editing and prime editing systems 
(Godbout et al., 2023, Table 1, Prime Editing for Human Gene Therapy: Where Are We Now? - PMC). 

 
 
 

  

https://pmc.ncbi.nlm.nih.gov/articles/PMC9954691/
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8 Exosome-Based Biomarkers in Liquid Biopsy 

8.1 Technology Overview 

Exosomes carry bioactive molecules (e.g. nucleic acids, proteins) and are effective liquid biopsy biomarkers 
with applications to a range of disease diagnostics and prognosis. 

As outlined by Li et al. (2022) (see also Figure 9, digital abstract): 

“Exosomes are membrane-defined extracellular vesicles (EVs) approximately 40–160 nm in 
diameter that are found in all body fluids including blood, urine, and saliva. They act as important 
vehicles for intercellular communication between both local and distant cells and can serve as 
circulating biomarkers for disease diagnosis and prognosis. Exosomes play a key role in tumour 
metastasis, are abundant in biofluids, and stabilize biomarkers they carry, and thus can improve 
cancer detection, treatment monitoring, and cancer staging/prognosis. Despite their clinical 
potential, lack of sensitive/specific biomarkers and sensitive isolation/enrichment and analytical 
technologies has posed a barrier to clinical translation of exosomes.” 

A range of clinical trials are being conducted in this area (e.g. WHO clinical trial registry reports 11 clinical trials 
when using search terms exosome liquid biopsy75).  

Several commercial platforms are available for exosome isolation and analysis (e.g. ExoDx by Bio-Techne). 

8.2 Potential Healthcare Applications 

• Cancer diagnostics and monitoring – allows for non-invasive tumour diagnosis (see also Yu et al., 
2023).  Due to the relative ease of sample compared to tissue biopsies, the test is safer for the patient 
and also multiple testing would allow for ease of disease monitoring such as recurrence. 

• Neurodegenerative diseases: e.g. for Parkinson’s Disease76 77. 

8.3 Evidence and Readiness 

Regulatory status as outlined by Li et al., 2022:  
“LB cancer tests approved by the Food and Drug Administration (FDA) analyse specific targets in the 
three best-characterized LB biomarker types: circulating tumour cells (CTCs), circulating tumor DNA 
(ctDNA), or cell-free RNA (cfRNA) released by apoptotic and necrotic tumor cells. The FDA has now 
approved several LB cancer tests, including four that detect ctDNA target sequences, five that detect 
cfDNA targets, and one CTC test. The FDA has cleared five liquid biopsy tests for solid tumors in 
“general tumor profiling” or as “companion diagnostics” intended to aid clinicians in identifying 
patients who may benefit from targeted drug therapies”. 

In Australia, recent MSAC applications have involved cfDNA testing from whole blood in breast cancer and 
NSCLC (e.g. MSAC application 1782 and 1798) (see Australian Genomics response78 ). 

Identification by International Horizon Scanning: CADTH report in 2019 on cancer screening included 
Exosome based liquid biopsy79.  

8.4 Market and Industry Engagement 

Commercial availability: 

• Exosome diagnostics, ExoDx Prostate test: FDA approved, using Exosome80.  Evidence that test is a 
predictor of outcomes for high-grade prostate cancer (Tutrone et al., 2024). 

 
 
75 https://trialsearch.who.int/ 
76 https://shakeitup.org.au/brain-derived-exosome-biomarkers-as-a-liquid-biopsy-for-parkinsons-disease/ 
77 https://www.creative-biolabs.com/exosome/neurological-diseases-diagnosis-applied-exosomes.htm 
78 Response-to-MSAC-Application-1782-Consultation-Survey.pdf 
79 An Overview of Liquid Biopsy for Screening and Early Detection of Cancer 
80 https://www.exosomedx.com/news-events/fda-grants-breakthrough-device-designation-bio-technes-exodx-prostate-
intelliscore-epi 

https://trialsearch.who.int/
https://www.australiangenomics.org.au/wp-content/uploads/2021/11/Response-to-MSAC-Application-1782-Consultation-Survey.pdf
https://www.cda-amc.ca/sites/default/files/hs-eh/eh0077-liquid-biopsy-for-early-detection-of-cancer.pdf
https://www.exosomedx.com/news-events/fda-grants-breakthrough-device-designation-bio-technes-exodx-prostate-intelliscore-epi
https://www.exosomedx.com/news-events/fda-grants-breakthrough-device-designation-bio-technes-exodx-prostate-intelliscore-epi
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• FoundationOne Liquid CDx: FDA approved81.   
• Guardant360 CDx: FDA approved.  Includes biomarkers for common cancer types – lung, breast, 

colorectal, prostate82.   
• Creative Biolabs – provide services related to discovery and research of exosome markers83.  

8.5 Implementation Challenges and Barriers 

Regulatory and ethical concerns: 

• FDA has approved the FoundationOne Liquid CDx and the Guardant360 CDx. 

• No relevant registrations on the TGA registry. 

Infrastructure requirements: 

• Trained workforce re processing of samples. 

• Capital equipment. 

• Bioinformatics. 

• Pathologists. 

Accuracy issues:  

• Test has a potential false-positive or false-negative result risk (e.g. due to tumour non-shedding), with 
the FDA recommending a tissue biopsy test to confirm a negative result from Guardant360 CDx and 
FoundationOne Liquid CDx)84. 

8.6 Cost and Economic Considerations 
Test cost: 

• FoundationOne CDx cost is AU$3,59085. 

Potential savings and efficiency gains: 

• Non-invasive liquid biopsies can reduce the need for tissue biopsies (resulting in fewer hospital visits 
and diagnostic tests). 

• With suitable training, technology could be implemented outside of specialised metro cancer centre 
hubs, including in rural/remote areas (noting follow up tissue biopsy for histological purposes may 
still be required, which can necessitate travel). 

• Early disease detection can lead to early clinical decision-making and treatment. 

8.7 Strategic Priority for Australia 

Australia’s Medical Research Future Fund (MRFF) has invested in liquid biopsy research (not specifically 
exosome86.  Exosome-based biomarkers are being explored by AIBN. This project endeavours to create 
innovative nanotechnologies and nanofabrication strategies, resulting in a highly sensitive and robust 
nanoarchitectonics integrated automated platform for the molecular profiling of exosomes at a single-particle 
resolution87. 

 

 
 
81 FoundationOne Liquid CDx | Foundation Medicine 
82 Guardant360®: Comprehensive Liquid Biopsy Test 
83 Exosome Profiling Services - Creative Biolabs 
84 The Evolution of Liquid Biopsy in Cancer Care - The ASCO Post 
85 solidtumour_menu_2023_sg_final-shg-mkt-0156-00.pdf 
86 https://www.petermac.org/about-us/news-and-events/news/details/peter-mac-awarded-3-million-mrff-genomics-grant 
87 https://aibn.uq.edu.au/project/nanoarchitectured-platform-molecular-profiling-exosomes-single-particle-resolution 

https://www.foundationmedicine.com/test/foundationone-liquid-cdx
https://www.guardantcomplete.com/products/guardant360
https://www.creative-biolabs.com/exosome/exosome-profiling.htm?gad_source=1&gclid=EAIaIQobChMI9cKniNLWjAMVReEWBR30Ag1UEAAYASAAEgJTJfD_BwE
https://ascopost.com/issues/october-10-2021/the-evolution-of-liquid-biopsy-in-cancer-care/#:~:text=Although%20liquid%20biopsy%20tests%20have,will%20pay%20for%20these%20tests?%E2%80%9D
https://www.sonicgenetics.com.au/media/j3cfnuhm/solidtumour_menu_2023_sg_final-shg-mkt-0156-00.pdf
https://www.petermac.org/about-us/news-and-events/news/details/peter-mac-awarded-3-million-mrff-genomics-grant
https://aibn.uq.edu.au/project/nanoarchitectured-platform-molecular-profiling-exosomes-single-particle-resolution
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Figure 9. Digital abstract (Li et al., (2022), Advanced technologies for molecular diagnosis of cancer: State of 
pre-clinical tumour-derived exosome liquid biopsies - PMC). 
 

  

https://pmc.ncbi.nlm.nih.gov/articles/PMC9812720/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9812720/
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9 Digital Twin  

9.1 Technology Overview 

In the context of genomics and healthcare, a digital twin is a dynamic, virtual representation of an individual 
that brings together a variety of data including genomics, physiology and other environmental information.  
This allows the simulation of various health trajectories and disease progression (Katsoulakis et al., 2024). (see 
also Figure 10 for a graphical depiction). 

Disease progression can differ between different patients with very similar diagnoses or at different disease 
stages.  Variation can depend upon both genetic factors (including both genetic risk factors and disease-
causing variants) and environmental factors including exposure to pollution, lifestyle factors (e.g. diet) and 
inequitable health care (Li et al., 2025).  Identifying factors that would predispose or protect against complex 
disease in a patient’s lifetime would align with many health strategies around preventive and equitable health 
(for examples Australia’s National Preventive Health Strategy 2021-2030).  The use of digital twin models of 
genomic medicine may be important to achieving such goals. 

As outlined by Boulos and Zhang (2021), a broad conceptualization is: 

“Conceptually, a digital twin is a digital replica or representation of a physical object, process, 
or service, but also much more than that. It is a virtual model (data plus algorithms) with special 
features not found in traditional models and simulations, one that dynamically pairs the 
physical and digital worlds, and leverages modern technologies, such as smart sensor 
technology, data analytics, and artificial intelligence (AI) to detect and prevent system failures, 
improve system performance, and explore innovative opportunities.” 

The technology is currently in early adoption, with proof-of-concept studies demonstrating its feasibility in 
oncology and rare diseases.  

In the context of precision medicine, Domenico et al., 2025 (see also Figure 11) defined the digital twin model 
as “A digital twin is an in-silico framework that replicates a biological cell, sub-system, organ, or a whole 
organism, with a transparent predictive model of their relevant causal mechanisms and response to 
interventions.”. 

9.2 Potential Healthcare Applications 

Personalized treatment simulations: drug selection and dosing (Bjornsson et al., 2019). 

Oncology: Simulating tumour evolution (Kemkar et al., 2024). 

In silico clinical trials (Moingeon et al., 2023). 

9.3 Evidence and Readiness 

Regulatory status.  As outlined in Li et al, 2025:  

“The FDA has implemented pre-qualification programs to speed up the regulatory processes of digital 
tools. Additionally, protecting the privacy and rights of an individual’s DT is crucial, especially as it 
incorporates sensitive, multiscale data. The analyses for example federated data analysis with evolving 
computational approaches that protect privacy even in population-based studies. A white paper from the 
US National Academy of Science recently recommended that the potential of digital twins to “accelerate 
scientific discovery and revolutionize health care” would merit an integrated agenda to harmonize 
research across sectors and focus efforts on realistic applications.” 

9.4 Market and Industry Engagement 

Key industry players: 

• ExactCure (merged with Quantum Genomics88, see https://www.rootsanalysis.com/key-insights/5-
leading-digital-twin-companies.html). 

 
 
88 https://www.rootsanalysis.com/key-insights/5-leading-digital-twin-companies.html 
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9.5 Implementation Challenges and Barriers 

Regulatory and ethical concerns: 
• Lack of regulatory frameworks for AI in healthcare, in general, and AI-driven digital twins, specifically.  

• Limited numbers of clinical trials in this area specific to genomics89 . 

Technical limitations: 

• High computational demands for real-time AI-driven simulations. 

• Integration of high detail genomics multi-omics data with electronic health records (EHRs) remains a 
challenge (see later report). 

Workforce Issues: 

• Need for education of concept in context of genomics for health practitioners, data scientists and 
bioinformaticians and how to interact with the models.  Could contribute to being a learning tool to 
further leverage mainstreaming of genomics into other medical specialties.  Digital twin technology 
could be integrated into clinical decision support tools. 

9.6 Cost and Economic Considerations 
Cost of development: 

• Developing digital twin models requires significant investment – estimated between US$50,000 and 
$500,000 at a high level (https://www.toobler.com/blog/digital-twin-cost-development). 

• “The global digital twins in healthcare market size are estimated to grow from US$1.9 billion in 2024 
to US$33.4 billion in 203590 . 

Potential savings and efficiency gains: 

• Reducing costs by using in silico clinical trials. 

• Provide more effective treatment options and preventative health measures during the lifetime of a 
patient. 

9.7 Strategic Priority for Australia 
Digital Twin in genomic medicine aligns generally with the National Digital Health Strategy (2023-2028).  One 
of the specific areas indicated (pg 49) relates to the use of Digital Twin: 

• “Plan for emerging data sources and technology such as artificial intelligence, spatial data, genomics: 
Australian governments, researchers, industry and healthcare providers will actively prepare for and 
embrace scientific innovations and cutting-edge technologies like AI, machine learning, quantum 
technology and big data analytics. These advancements will support greater system efficiencies, 
quality improvement and early intervention and prevention, while observing the necessary regulatory 
and ethical frameworks.” 

Research groups at CSIRO are investigating digital twin applications more broadly (i.e. non-medical)91.  Omics-
based digital twin applications are being developed in Australia in the context of paediatric precision medicine 
(WIcksamasinghe et al., 2024) 

The ability to simulate different disease types in difference genetic backgrounds for disease prevention, aligns 
with the National Preventive Health Strategy92.  

 

 
 
89 https://ctv.veeva.com/study/integrating-whole-genome-sequencing-and-digital-twins-into-the-management-of-
hypercholesterolemia-in  
90 https://www.rootsanalysis.com/reports/digital-twins-in-healthcare-market.html  
91 Digital Twin - CSIRO 
92 https://www.health.gov.au/resources/publications/national-preventive-health-strategy-2021-2030?language=en  

https://ctv.veeva.com/study/integrating-whole-genome-sequencing-and-digital-twins-into-the-management-of-hypercholesterolemia-in
https://ctv.veeva.com/study/integrating-whole-genome-sequencing-and-digital-twins-into-the-management-of-hypercholesterolemia-in
https://www.rootsanalysis.com/reports/digital-twins-in-healthcare-market.html
https://www.csiro.au/en/research/technology-space/robotics/digital-twin
https://www.health.gov.au/resources/publications/national-preventive-health-strategy-2021-2030?language=en
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Figure 10. Digital Twin summary (from Li et al., (2025), Figure 2, Digital twins as global learning health and 
disease models for preventive and personalized medicine - PMC). 
 
 
 
 
 
 
 

https://pmc.ncbi.nlm.nih.gov/articles/PMC11806862/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11806862/
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Figure 11.  Precision medicine standard approach for digital twins (De Domenico et al., (2025), Figure 1, 
Challenges and opportunities for digital twins in precision medicine from a complex systems perspective - 
PMC). 

 

 

 

 

 

 

 

 

 

 

 

 

  

https://pmc.ncbi.nlm.nih.gov/articles/PMC11742446/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11742446/
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10 Epigenetic Therapies for Cancer and Aging 

10.1 Technology Overview 

Epigenetic therapy involves using drugs or other interventions to modify gene expression patterns, potentially 
treating diseases by targeting epigenetic mechanisms like DNA methylation and histone modifications. Unlike 
genetic mutations, these changes are often reversible, offering a chance to restore normal cellular function. 

As outlined by Dai et al., (2024) (see also Figure 12): 

“Epigenetics governs a chromatin state regulatory system through five key mechanisms: DNA 
modification, histone modification, RNA modification, chromatin remodelling, and non-coding 
RNA regulation. These mechanisms and their associated enzymes convey genetic information 
independently of DNA base sequences, playing essential roles in organismal development and 
homeostasis. Conversely, disruptions in epigenetic landscapes critically influence the 
pathogenesis of various human diseases. This understanding has laid a robust theoretical 
groundwork for developing drugs that target epigenetics-modifying enzymes in pathological 
conditions. Over the past two decades, a growing array of small molecule drugs targeting 
epigenetic enzymes such as DNA methyltransferase, histone deacetylase, isocitrate 
dehydrogenase, and enhancer of zeste homolog 2, have been thoroughly investigated and 
implemented as therapeutic options, particularly in oncology. Additionally, numerous 
epigenetics-targeted drugs are undergoing clinical trials, offering promising prospects for clinical 
benefits.” 

A recent study investigating epigenetics of older breast cancer survivors by Rentscher et al (2023) concluded 
that: “Older breast cancer survivors, particularly those exposed to chemotherapy, showed greater epigenetic 
aging than controls that may relate to worse outcomes. If replicated, measurement of biological aging could 
complement geriatric assessments to guide cancer care for older women.” 

10.2 Potential Healthcare Applications 

Cancer Care: DNMT inhibitors and HDAC inhibitors in cancer care.  Combination Therapies: Epigenetic drugs 
enhancing immune checkpoint inhibitors (e.g. PD-1/PD-L1 inhibitors). (see also Figure 12). 

Aging and Cancer care: above study by Rentscher et al., (2023) found greater epigenetic aging in breast cancer 
chemotherapy survivors, compared to controls. 

Other rare disease applications: HDAC inhibitors like butyrate have shown some proof-of-concept efficacy in 
certain settings, like sickle cell disease and beta-thalassemia (Feehley et al., 2023). 

10.3 Evidence and Readiness 

Regulatory status: Approved Epigenetic Drugs: e.g. Azacitidine by FDA and EMA (Gnysyka et al., 2013). 

• While there are eight FDA-approved and marketed epigenetic therapies with six to treat hematologic 
malignancies and two approved for use in solid tumours (Table 3, see below), trials of current 
epigenetic therapies have shown greater toxicity than expected, likely due to low specificity. (Feehley 
et al., 2023). 

Clinical Trials: 

• WHO clinical trial registry: 8 trials for “epigenetics and aging”, 15 trials for “epigenetics and cancer”. 

Adoption by Global Initiatives: 

• WHO International Agency for Research on Cancer has a Epigenomics and Mechanisms branch 
https://www.iarc.who.int/branches-egm-research/ (see https://www.iarc.who.int/branches-egm-
research/). 

10.4 Market and Industry Engagement 

Key Industry Players:  AstraZeneca, Inherent Biosciences93  

 
 
93 https://www.labiotech.eu/best-biotech/epigenetics-companies 

https://clinicalepigeneticsjournal.biomedcentral.com/articles/10.1186/s13148-022-01419-z#Tab1
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10.5 Implementation Challenges and Barriers 

Regulatory & Ethical Considerations: 

• Long-term effects of epigenetic modifications remain unknown (adverse side-effects)94.   

• Ethical concerns regarding epigenetic interventions in aging – relating to equity of access and fairness. 

Workforce: Could be challenges to introduce Epigenetics into clinical care models, especially for non-genetic 
specialists. 

10.6 Cost and Economic Considerations  

Current Costs: 

• FDA-approved epigenetic drugs: Source price per treatment. 

• Development costs for novel therapies remain high. 

Economic Impact: 

• Potential cost savings by reducing chemotherapy resistance. 

• Aging research investments could extend healthy lifespan, reducing healthcare costs. 

10.7 Strategic Priority for Australia 

In addition to the goals of the National Health Genomics Policy Framework refresh, the application of epigentic 
therapies in the context of genomic medicine will also broadly align with the Australian Cancer Plan (2023-
2033)95.  Specifically, it will relate to precision oncology and the need for targeted therapies.  In terms of 
access to safe, affordable and effective therapies, epigenetic therapies also would relate to the policy 
framework provided by the National Medicines Policy Update96 (2022). 

  

 
 
94 https://www.sciencedirect.com/science/article/abs/pii/S0344033823003886 
95 Australian Cancer Plan | Cancer Australia 
96 National Medicines Policy | Australian Government Department of Health and Aged Care 

https://www.sciencedirect.com/science/article/abs/pii/S0344033823003886
https://www.canceraustralia.gov.au/australian-cancer-plan
https://www.health.gov.au/resources/publications/national-medicines-policy?language=en
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Table 3. Summary of epigenetic approaches and molecules (Feehley et al., (2023), Table 1. Drugging the 
epigenome in the age of precision medicine - PMC)). 
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Figure 12.  Timeline of major discoveries and advances in epigenetic research, Dai et al, (2025), Figure 2, 
Epigenetics-targeted drugs: current paradigms and future challenges - PMC. 

 

https://pmc.ncbi.nlm.nih.gov/articles/PMC11627502/
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Figure 13.  Some reported epigenetic drugs in cancer (Farani et al., (2023), graphical abstract, Epigenetic drugs 
as new emerging therapeutics: What is the scale's orientation of application and challenges? - ScienceDirect). 
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11 Single-Cell Sequencing 

11.1 Technology Overview 

This technology has been in existence since 2009 and was named the “Method of the Year in 2013” (Nature 
Methods editorial 2014).  Over the last decade, clinical applications of the technique have proliferated. 

Single-cell sequencing enables high-resolution analysis of genomic, transcriptomic, and epigenomic landscapes 
at the individual cell level. Proteomics is another possibility at the single cell level.  

 As outlined by Tang et al., (2019): 

“Single-cell sequencing technologies refer to the sequencing of a single-cell genome or 
transcriptome, to obtain genomic, transcriptome or other multi-omics information to reveal 
cell population differences and cellular evolutionary relationships. Traditional sequencing 
methods can only get the average of many cells, unable to analyze a small number of cells and 
lose cellular heterogeneity information. Compared with traditional sequencing technology, 
single-cell technologies have the advantages of detecting heterogeneity among individual 
cells, distinguishing a small number of cells, and delineating cell maps. In 2013, it was named 
“Nature Methods” as the annual technology. However, early single-cell sequencing limited its 
widespread use due to its high cost. But as the research progressed, many new single-cell 
sequencing methods were developed that reduced the cost threshold for single-cell 
sequencing. Nowadays, single-cell sequencing technology is increasingly used in various 
fields.”  

Note there is considerable overlap to other related technologies and applications including liquid biopsies, 
epigenetics, multiomics.  For an overview of clinical applications refer to Jovic et al., 2022 (also Figure 14 
below). 

11.2 Potential Healthcare Applications 

Many applications across various disease types – powerful tool for diagnostics and prognostics, including 
tumour heterogeneity. 

Precision Oncology:  aids in selected therapies based on single cell sequencing.  For example, Peng et al., 2019 
used single cell sequencing to indicate distinct tumour subpopulations in ductal pancreatic adenocarcinoma 
that relates to tumour invasiveness and therapy resistance.  The technique will aid in pancreatic anticancer 
treatments such as targeted therapy and immunotherapy.  Fustero-Torre et al., (2021) describe a 
computational method (Beyondcell) that permits identifying tumour subpopulations with distinct drug 
response in scRNA-seq tumour data, which aids in guidance of drug selection. 

Tumour micro-environments: techniques such as NeighbourNet that investigate cell-specific co-expression 
networks to investigate tumour micro-environments97. 

Vaccine Development: single cell multiomics was used in establishing immune cell profiles of patients post 
COVID19 infection (Zhou et al., 2023). 

Rare disease diagnosis: Single cell sequencing permits rare cells to be more accessible to analysis such as the 
diagnosis or rare somatic mutations that can only be determined by analysis of late-emerging subclones.  The 
single-cell genomic resolution technique was used by Leung et al., (2017) in a study of metastatic colorectal 
cancer and is applicable in studies of somatic mosaicism in other diseases. 

Stem cell characterization: Single cell sequencing allows for heterogeneity to be investigated in aspects of 
stem cell research, relating to multipotency; immunoregulatory functions; response to culture conditions and 
use in clinical trials (for example see review of mesenchymal stem cells and single cell sequencing in Zheng et 
al., (2020). 

 
 
97 NeighbourNet: Scalable cell-specific co-expression networks for granular regulatory pattern discovery – Lê Cao Lab 

https://lecao-lab.science.unimelb.edu.au/2025/04/04/neighbournet/
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Type 2 Diabetes: Single-cell transcriptome profiling allowed for endocrine and exocrine cells of pancreatic 
islets, in healthy individuals and those with Type 2 Diabetes (Segerstolpe et al., 2016).  Gene expression 
differences were also found to be correlated to patient BMI.    

11.3 Evidence and Readiness 

Regulatory status: technique has been used in FDA regulated clinical trials (e.g. Mission Bio's Tapestri 
platform98). 

Clinical Trials: Multiple studies explore SCS in cancer.  For example, on WHO clinical trial registry, 
(https://trialsearch.who.int/) 33 trials using search terms “single cell sequencing cancer”. 

Sanger’s single cell sequencing centre99 

Chan Zuckerberg initiative: supports Scale Bio’s 100 million cell challenge100. 

Bioinformatics and software tools: available for data processing and visualization (e.g. Bioconductor packages 
Seurat (NYU, R package for scRNA-seq101). 

11.4 Market and Industry Engagement 

Selected industry technology providers:  

• 10x Genomics (Chromium Xo single cell)102. 

• NanoString Technologies: CosMX SMI for spatial multiomics103 . 

• Illumina: recently acquired Fluent BioSciences104.  

• BD Bioscences BD Rhapsody Single-Cell Multiomics System105. 

• Oxford Nanopore Technologies: promethION 24106 . 

• Mission Bio: Tapestri platform workflow for sc solid tumour profiling107. 

11.5 Implementation Challenges and Barriers 

Technical Complexity: Requires high-throughput sequencing, bioinformatics (and associated compute and 
data storage), and single-cell isolation technologies.   Could be scalability issues in translation from research to 
clinic.  

Cost and Infrastructure: Requires significant set up costs and computing power.  

11.6 Cost and Economic Considerations 

Sequencing Costs: US$1614 to $3228 per sample108. 

Clinical Adoption Barriers: Costly instrumentation and bioinformatics expertise required.  

Potential Savings: There is a wide range of clinical applications (above) although no systematic review of 
potential health economics associated with scRNAseq. 

11.7 Strategic Priority for Australia 

Fits within Genomics Australia’s precision medicine agenda, including cancer.  

 
 
98 Servier leverages Mission Bio’s Tapestri® Platform to uncover AML resistance mechanisms in pivotal TIBSOVO® 
(ivosidenib) clinical trial | Mission Bio 
99 https://www.sanger.ac.uk/collaboration/sanger-institute-ebi-single-cell-genomics-centre/ 
100 https://www.news-medical.net/news/20240919/Chan-Zuckerberg-initiative-joins-Scale-Bios-e28098100-Million-Cell-
Challengee28099-to-accelerate-single-cell-genomics-research.aspx 
101 GitHub - satijalab/seurat: R toolkit for single cell genomics 
102 Chromium Xo instrument – 10x Genomics 
103 CosMx SMI Overview - Single-Cell Imaging - NanoString 
104 Enabling single-cell sequencing for every laboratory 
105 Single-Cell Multiomics Systems | BD Biosciences 
106 Single-cell sequencing | Oxford Nanopore Technologies 
107 Mission Bio’s Tapestri Solution for Solid Tumor Research 
108 Pricing – Sequencing Facility 

https://trialsearch.who.int/
https://missionbio.com/press/servier-partnership-aml-tibsovo/
https://missionbio.com/press/servier-partnership-aml-tibsovo/
https://www.sanger.ac.uk/collaboration/sanger-institute-ebi-single-cell-genomics-centre/
https://www.news-medical.net/news/20240919/Chan-Zuckerberg-initiative-joins-Scale-Bios-e28098100-Million-Cell-Challengee28099-to-accelerate-single-cell-genomics-research.aspx
https://www.news-medical.net/news/20240919/Chan-Zuckerberg-initiative-joins-Scale-Bios-e28098100-Million-Cell-Challengee28099-to-accelerate-single-cell-genomics-research.aspx
https://github.com/satijalab/seurat
https://pages.10xgenomics.com/web-2024-09-website-page-chr-scge-brand-awareness-xo_lp.html?&utm_medium=search&src=search&utm_source=google&lss=google&utm_term=sem-goog-2024-09-website-page-chr-scge-brand-awareness-xo-lp-8259&useroffertype=website-page&utm_content=website-page&utm_campaign=701VI00000Fl4ArYAJ&cnm=701VI00000Fl4ArYAJ&cid=701VI00000Fl4ArYAJ&usercampaignid=701VI00000Fl4ArYAJ&gad_source=1
https://nanostring.com/products/cosmx-spatial-molecular-imager/single-cell-imaging-overview/
https://www.illumina.com/company/news-center/feature-articles/enabling-single-cell-sequencing-for-every-laboratory.html
https://www.bdbiosciences.com/en-us/products/instruments/single-cell-multiomics-systems
https://nanoporetech.com/applications/investigations/single-cell-sequencing?utm_campaign=MOD+2024&utm_campaign=DG+Search+-+Human+-+APAC&utm_source=digital_gearbox&utm_source=adwords&utm_medium=google_search&utm_medium=ppc&utm_content=single+cell&utm_term=what+is+single+cell+sequencing&hsa_acc=1905654280&hsa_cam=21819478544&hsa_grp=169530943112&hsa_ad=717497668956&hsa_src=g&hsa_tgt=kwd-970516225610&hsa_kw=what+is+single+cell+sequencing&hsa_mt=p&hsa_net=adwords&hsa_ver=3&gad_source=1&gclid=CjwKCAjwk43ABhBIEiwAvvMEBw-t4HNu613tSzha6IzBc8_Nr4v-q1Nc2QNPz7jVfsJ8pvlj5th9JxoCk_8QAvD_BwE
https://missionbio.com/campaign/solid-tumor/
https://crtp.ccr.cancer.gov/sf/pricing/
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Multiple centres with expertise in scRNAseq generation and analysis including (but not limited to) University of 
Queensland Genome Innovation Hub109, The Walter and Eliza Hall Institute of Medical Research (Lewis et al., 
2022) and the UNSW Ramaciotti Centre for Genomics110, Garvan Institute of Medical Research111. 

 
 

Figure 14.  Applications of single-cell RNA sequencing (Jovic et al., (2022), Figure 5, Single‐cell RNA sequencing 
technologies and applications: A brief overview - PMC). 
  

 
 
109 Single-cell and short read sequencing - Genome Innovation Hub - University of Queensland 
110 Ramaciotti Centre for Genomics | School of Science - UNSW Sydney 
111 Computational Genomics Lab | Garvan Institute of Medical Research 

https://pmc.ncbi.nlm.nih.gov/articles/PMC8964935/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8964935/
https://gih.uq.edu.au/research/single-cell-and-short-read-sequencing
https://www.unsw.edu.au/science/ramaciotti
https://www.garvan.org.au/research/labs-groups/computational-genomics-lab
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12 RNA-Based Therapies (including small interfering 
(siRNA) and mRNA vaccines) 

12.1 Technology Overview 

RNA-based therapies, including small interfering RNA (siRNA) and messenger RNA (mRNA), are expanding 
beyond COVID-19 vaccines (with the pandemic bringing this area to wider public attention) into treatments for 
cancer, rare diseases, and genetic disorders. siRNA therapeutics use RNA interference (RNAi) to silence specific 
genes, while mRNA therapies enable cells to produce therapeutic proteins.  

siRNA (From Zhu et al., 2022): 

“RNAi is an endogenous cellular process inducing double-stranded (ds) RNAs -triggered 
degradation of particular RNA targets, which provide an intrinsic defensive mechanism against 
invading viruses and transposable elements. siRNAs are short dsRNAs (20-24 nt) with distinct 
structures containing 5’-phosphate/3’-hydroxyl endings and two 3’-overhang ribonucleotides 
on each duplex strand. siRNAs can induce RNAi in mammalian cells. Therefore, researchers can 
use such simple gene silencing tools to investigate gene function and advance disease therapy. 
Mechanistically, the endoribonuclease Dicer cuts dsRNAs and isolates the guide and passenger 
strands within the RNA-induced silencing complex (RISC). The argonaute2 (AGO2) protein 
degrades the passenger siRNA strand, whereas the guide siRNA strand directly binds to the 
target RNA, causing AGO2-mediated cleavage. Besides degrading cytoplasmic RNAs, siRNAs can 
also trigger chromatin remodelling and histone modifications in the nucleus when they bind to 
the promoter regions, resulting in transcriptional silence.” 

mRNAs and mRNA vaccine (from Zhu et al., 2022): 

“The concept of mRNA-encoded drugs was discovered in the 1990s when direct injection of IVT 
mRNA into the mouse skeletal muscle showed encoded protein expression. Preclinical research 
on IVT mRNA promotes the clinical development of mRNA-based vaccination against cancer and 
infectious disease. Mechanistically, injected mRNA vaccines are delivered into the cytoplasm of 
the host cell (typically antigen-presenting cells (APCs)) and are translated into the targeted 
antigens. Subsequently, the major histocompatibility complexes (MHCs) present the expressed 
antigens to the surface of APCs to activate B cell/antibody-mediated humoral immunity and CD4+ 
T/CD8+ cytotoxic T-cell-mediated immunity. Besides, injected mRNA encoding immunostimulants 
(cytokines, chemokines, etc.) can promote APC maturation and activation, thus inducing a T-cell-
mediated response and improving the immune tumour microenvironment.” 

12.2 Potential Healthcare Applications 

Oncology: 

• mRNA cancer vaccines: Autogene cevumeran (BioNTech/Genentech) is in phase 1 and phase II clinical 
trials for resected pancreatic ductal adenocarcinoma (PDAC)112). 

• mRNA vaccine: Moderna's mRNA-4157/V940, in development with Merck.  A recent Lancet study 
determined the drug in combination with pembrolizumab had longer recurrence free survival 
compared to pembrolizumab alone (Weber et al., 2024) (see also Figure 15). 

• Small interfering RNA (siRNA) therapies, for example TKM-080301 to target advanced hepatocellular 
carcinoma (El Dika et al., 2018). 

Rare Genetic Disorders 

• RNA editing technologies that use engineered guide RNAs and ADARs e.g. Shape Therapeutics, using 
the RNAfix platform113. 
 

 
 
112 Three-year Phase 1 Follow-Up Data for mRNA-based Individualized Immunotherapy Candidate Show Persistence of 
Immune Response and Delayed Tumor Recurrence in Some Patients with Resected Pancreatic Cancer | BioNTech 
113 Home - ShapeTX 

https://investors.biontech.de/news-releases/news-release-details/three-year-phase-1-follow-data-mrna-based-individualized
https://investors.biontech.de/news-releases/news-release-details/three-year-phase-1-follow-data-mrna-based-individualized
https://shapetx.com/
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• Antisense Oligonucleotides 
o Nusinersen (Spinraza) that targets the SMN2 gene (Spinal Muscular Atrophy) (Finkel et al., 2017), 

FDA approved 2016114. 
o Etepllirsen (Exondys 51) that targets the DMD gene (Duchenne muscular dystrophy) (Mendel et 

al., 2013), FDA approved 2016115.  

• siRNAs, small interfering RNAs that can silence expression of specific genes. 
o GIvosiran (Givlaari) that targets ALAS1 mRNA (Acute hepatic porphyria (AHP)) (Kuter et al., 2023), 

FDA approved 2019116. 
o Lumasiran (Oxlumo) that targets HAO1 mRNA (Primary Hyperoxaluria type 1 (PH1), FDA approval 

2022117. 

• mRNA Replacement therapy 
o mRNA-3705 (Moderna), which targets Methylmalonyl-CoA mutase (MUT) (clinical condition is 

Methylmalonic acidemia (MMA).  Encodes a functional MUT protein.  Chosen for FDA START 
program118.  

• Splicing modulators 

• Branaplam (LM1070) in a small-molecule splicing modulator developed by Novartis.  Although initially 
investigated for treatment of SMA, more recent clinical trials focused on Huntington’s Disease. 
However, there were some safety issues, with Novartis suspending dosing in the VIBRANT-HD clinical 
trial119.  

12.3 Evidence and Readiness 

Regulatory Approvals: COVID-19 mRNA vaccines widely adopted. 

Patisiran which treats polyneuropathy (siRNA) approved by FDA/EMA. 

Clinical Trials: Multiple ongoing trials for RNA-based cancer vaccines. 

For example, searching the WHO clinical trial registry, there are 64 trials for siRNA (for example in 
retinoblastoma NCT06424301 and brain tumours PRN-jRCTc030190174). 

International Horizon scanning initiatives: CADTH through their drug pipeline scan identified inclisivan in 2024 
as a siRNA120.  The NIHR Vaccine Innovation Pathway plays a crucial role in accelerating vaccine development 
and associated clinical trials121. PCORI has identified mRNA-based vaccines for RSV and influenza (see Emerging 
Innovation brief122. 

12.4 Market and Industry Engagement 

Key Players:  

• Moderna: e.g. COVID19 mRNA vaccines. 

• BioNTech123. 

• Alnylam Pharmaceuticals: RNAi therapeutics124. 

• Arrowhead Pharmaceuticals. TRiM tm Platform, for RNAi therapy125. 

 
 
114 FDA approves first drug for spinal muscular atrophy | FDA 
115 FDA grants accelerated approval to first drug for Duchenne muscular dystrophy | FDA 
116 FDA approves givosiran for acute hepatic porphyria | FDA 
117 Alnylam Pharmaceuticals Press Release | Oct 06, 2022 | Alnylam Announces FDA Approval of Supplemental New Drug 
Application for OXLUMO® (lumasiran) in Advanced Prima 
118 Moderna's Investigational Therapeutic for Methylmalonic Acidemia (mRNA-3705) Selected by U.S. Food & Drug 
Administration for START Pilot Program 
119 Branaplam: VIBRANT-HD Study Update | Novartis 
120 Inclisiran (Leqvio) 
121 UK’s first norovirus mRNA vaccine trial launched | NIHR 
122 Emerging Health Care Innovation Brief: Maternal Vaccine for RSV, Treating Post-COVID Cognitive Impairment (February 
16-March 1, 2023) | PCORI 
123 BioNTech | mRNA: a drug class of its own 
124 How RNAi Works | Alnylam® Pharmaceuticals 
125 RNA Interference (RNAi) | Arrowhead Pharmaceuticals 

https://www.fda.gov/news-events/press-announcements/fda-approves-first-drug-spinal-muscular-atrophy
https://www.fda.gov/news-events/press-announcements/fda-grants-accelerated-approval-first-drug-duchenne-muscular-dystrophy
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-givosiran-acute-hepatic-porphyria
https://investors.alnylam.com/press-release?id=27026&utm_source=chatgpt.com
https://investors.alnylam.com/press-release?id=27026&utm_source=chatgpt.com
https://investors.modernatx.com/news/news-details/2024/Modernas-Investigational-Therapeutic-for-Methylmalonic-Acidemia-mRNA-3705-Selected-by-U.S.-Food--Drug-Administration-for-START-Pilot-Program/default.aspx
https://investors.modernatx.com/news/news-details/2024/Modernas-Investigational-Therapeutic-for-Methylmalonic-Acidemia-mRNA-3705-Selected-by-U.S.-Food--Drug-Administration-for-START-Pilot-Program/default.aspx
https://www.novartis.com/news/branaplam-vibrant-hd-study-update?utm_source=chatgpt.com
https://www.cda-amc.ca/sites/default/files/DRR/2024/SR0791-000REC-Leqvio_HeFH.pdf?utm_source=chatgpt.com
https://www.nihr.ac.uk/news/uks-first-norovirus-mrna-vaccine-trial-launched
https://www.pcori.org/implementation-evidence/emerging-topics-reports-and-horizon-scans/pcori-health-care-horizon-scanning-system/emerging-health-care-innovation-briefs/emerging-health-care-innovation-brief-maternal-vaccine-rsv-treating-post-covid-cognitive-impairment?utm_source=chatgpt.com
https://www.pcori.org/implementation-evidence/emerging-topics-reports-and-horizon-scans/pcori-health-care-horizon-scanning-system/emerging-health-care-innovation-briefs/emerging-health-care-innovation-brief-maternal-vaccine-rsv-treating-post-covid-cognitive-impairment?utm_source=chatgpt.com
https://www.biontech.com/int/en/home/research-and-innovation/drug-classes/mrna.html
https://www.alnylam.com/our-science/the-science-of-rnai
https://arrowheadpharma.com/patients-caregivers/what-is-rnai/
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Market Growth: RNA therapeutics expected to grow to 40 billion by 2034 (GlobeNewsWire 10 Feb 2025).126 

12.5 Implementation Challenges and Barriers 

Stability and Delivery: mRNA degradation (often challenging to work with, multiple feasibility issues compared 
to more stable DNA), and efficient cellular uptake remain challenges. 

Manufacturing Scalability: Need for large-scale, cost-effective production of RNA molecules. 

Workforce: requires expertise from researchers and clinical trial infrastructure.  Possibility of a hub in Victoria 
(e.g. presence of Moderna facility in Melbourne). 

12.6 Cost and Economic Considerations 

Development Costs: A BMJ publication estimated the cost of mRNA vaccine development to be US$31.9 billion 
during the pandemic period (Lalani et al., 2023). 

Pricing Trends: Current siRNA drugs are expensive, e.g. Patisiran costs between $451,430 and $677,145 per 
patient127. 

Potential Cost Savings: Faster, more scalable drug development. 

12.7  Strategic Priority for Australia 

• WHO lists RNA therapeutics as a transformative area in genomic medicine (for example see WHO 
report on mRNA vaccines128. 

There are opportunities for early adoption in Australia, for example, 

• Moderna has a production site for RNA vaccines in VIC, developed in part due to COVID response. 
(see press release129  This reflects the benefits of having onshore capability (and translational 
research capacity generally) in this area, especially in the context of preparation for any future 
pandemic response. 

 
  

 
 
126 RNA Based Therapeutic Market Size Expected to Reach USD 
127 Executive Summary - Pharmacoeconomic Review Report: Patisiran (Onpattro) - NCBI Bookshelf 
128 WHO mRNA vaccine report news 
129 https://www.health.gov.au/ministers/the-hon-mark-butler-mp/media/world-leading-moderna-vaccine-facility-opens-
in-victoria 

https://www.globenewswire.com/news-release/2025/02/10/3023553/0/en/RNA-Based-Therapeutic-Market-Size-Expected-to-Reach-USD-40-81-Bn-by-2034.html
https://www.ncbi.nlm.nih.gov/books/NBK549697/
https://www.who.int/news/item/13-12-2023-who-s-science-council-issues-report-on-mrna-vaccine-technology#:~:text=The%20report%20recommends%20a%20framework,addressing%20cancer%20and%20autoimmune%20diseases.
https://www.health.gov.au/ministers/the-hon-mark-butler-mp/media/world-leading-moderna-vaccine-facility-opens-in-victoria
https://www.health.gov.au/ministers/the-hon-mark-butler-mp/media/world-leading-moderna-vaccine-facility-opens-in-victoria
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Figure 15.  Types of RNA-based therapeutics and modes of action.  (Zhu et al., (2022), Figure 2, RNA-based 
therapeutics: an overview and prospectus - PMC).  

https://pmc.ncbi.nlm.nih.gov/articles/PMC9308039/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9308039/
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13 Multiomics Biomarker Discovery  

13.1 Technology Overview 

Multiomics biomarker discovery integrates various high-throughput data types, such as genomics, 
transcriptomics, proteomics, metabolomics, and epigenomics, to identify novel biomarkers and can be applied 
to a range of disease types. 

As outlined by Chen et al, (2023): 

“Integration of different types of omics data can elucidate underlying pathogenic changes of 
the disease, which can then be verified in further molecular research. By integrating multi‐
omics, scientists can filter out novel associations between biomolecules and disease 
phenotypes, identify relevant signaling pathways, and establish detailed biomarkers of 
disease.” 

Australia has a good presence in this area, with training occurring nationally and internationally in the research 
field (e.g. Mixomics, University of Melbourne). 

13.2 Potential Healthcare Applications 

Early Diagnosis: Identification of molecular signatures for preclinical Alzheimer’s disease and other 
neurodegenerative conditions.  The approach has also been used in cancer studies – e.g. Multiomics 
approaches in biomarker discover in ovarian cancer diagnosis (Xiao et al., 2022, see also Figure 16). 

Disease Progression Monitoring: Multiomics analysis helps track disease heterogeneity and patient-specific 
disease trajectories (Hasin et al., 2017). 

Therapeutic Target Identification: Biomarkers from transcriptomics and proteomics can be used to develop 
targeted therapies (i.e. key pathway identification).  For example, Wang et al., 2024 identified 1131 
publications that utilized multiomics from 2007 – 2024. 

13.3 Evidence and Readiness 

Preclinical and Clinical Data: See Vacher et al., 2024 for characterization of Alzheimer’s disease markers using 
mixomics.   

Clinical trials: 111 studies featuring multiomics on the WHO International Clinical Trials Registry Platform (as of 
March 2025). 

Large genomic datasets can be used for benchmarking, use of controls and validation studies (e.g. UK Biobank, 
see Garg et al, 2024).   

International Horizon Scanning initiatives: The EMA New Approach Methodologies Horizon Scanning 2025 
report identifies omics generally as crucial to precision medicine130. 

13.4 Implementation Challenges and Barriers 

Technical Complexity: need for bioinformatics pipelines and cross-disciplinary expertise. 

Standardization and Reproducibility: Multiomics data harmonization across different studies remains a 
challenge (e.g. data assumptions, benchmarking, standardization). (e.g. Bioconductor, MixOMICS). 

13.5 Cost and Economic Considerations 

Technology Costs: costs in data generation e.g. sequencing costs (between approx AU$1,000-AU$2,500 for 
each omics layer of genomics, transcriptomics, proteomics, metabolomics, epigenomics.  Bioinformatics, Data 
analysis and biomarker discovery workflows are challenging to quantify and depend on disease type. 

 
 
130 New Approach Methodologies EU-IN Horizon Scanning Report 

https://www.ema.europa.eu/en/documents/report/new-approach-methodologies-eu-horizon-scanning-report_en.pdf
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13.6 Strategic Priority for Australia 

Australia could establish collaborative programs with international initiatives such as AMP-AD (see Reddy et 
al., 2024).  Groups such as University of Melbourne Mixomics group (Le Cao) have had experience in this area 
for > 10 years and have ongoing international training programs131.  Recent MRFF funding for OMIX3 
multiomics platform132.  An Annual Australian conference on multiomics is held133. 

 

 
Figure 16.  Schematic representation of multi-omics approaches towards biomarker discovery for early 
diagnosis in ovarian cancer (from Xiao et al., (2022), Figure 2, Multi-omics approaches for biomarker discovery 
in early ovarian cancer diagnosis - PMC). 

 
 
  

 
 
131 https://mixomics.org/category/news/workshop/ 
132 https://www.biocommons.org.au/news/omix3-funding 
133 https://www.multiomics2024.org 

https://pmc.ncbi.nlm.nih.gov/articles/PMC9035645/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9035645/
https://mixomics.org/category/news/workshop/
https://www.biocommons.org.au/news/omix3-funding
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14 Quantum computing  

14.1 Technology Overview 

Quantum computing (which has been a concept since the 1980s) harnesses the principles of quantum 
mechanics (such as quantum interference) to perform operations on data.  Quantum bits can exist in multiple 
states at the same time (unlike classic bits) which permits quantum computers to solve problems more 
efficiently than ‘classic compute’ (see also Preskill 2018). 

The technology has potential to impact on a wide variety of applications relevant to genomic precision 
medicine (see also Figure 17).  For example:  

“The integration of quantum computing with genomics heralds a new era in DNA analysis, 
characterized by unprecedented speed and computational power. Quantum computing utilizes 
principles of quantum mechanics, such as superposition and entanglement, to perform 
calculations at speeds far beyond the capabilities of traditional computers. This revolutionary 
approach offers the potential to dramatically accelerate tasks in genomics such as sequence 
alignment, genetic mutation analysis, and complex trait mapping. The promise of quantum 
computing in genomics lies not only in enhancing the speed of genomic analyses but also in its 
potential to handle the vast complexities and the voluminous scale of genetic data more 
efficiently134. “ 

As indicated above, this technology could have far-reaching implications for genomics – anywhere that 
compute power is required.  It could affect variant calling pipelines (see also AI in variant calling section), 
multiomic approaches where a lot of data is analysed simultaneously, and data storage (including encryption).  
The theory of quantum computing is derived from Shor’s and Grover’s Algorithms and applications of quantum 
computing can be related to both transformative capabilities and a threat to current data encryption 
systems135. 

We explore a few of the implementation challenges here – although it may be more than five years when the 
technology application hits the health system in a more mainstream way. 

14.2 Potential Healthcare Applications 

Key applications: 

• Variant calling pipelines and sequence alignments (see  Nałęcz-Charkiewicz et al., 2024). 

• Modelling complex gene expression 

• Machine learning for genomic prediction 

• Biomarker discovery 
- Quantum computing allows more efficient exploration of multiomics data – for proof-of-concept 

research using quantum neural networks and CTLA4 activating pathways, see Nguyen 2024. 

• Drug discovery and Precision Medicine 
- Faster compute would allow for increased efficiency in protein folding and protein-drug 

interactions136. 
- Optimising clinical trials116.  

• Genomic data storage and Secure Sharing of Genomic Data137 
 

• Security Risk of Quantum Computing used against encrypted Healthcare data: 
- Genomic data is implicitly and permanently identifiable. 
- Genomic data is often linked to other healthcare data (e.g. on electronic medical record 

systems). 

 
 
134 (https://medium.com/kinomoto-mag/quantum-computing-meets-genomics-the-dawn-of-hyper-fast-dna-analysis-
03208c1428d8) 
135 Quantum Computing and The Future of Data Privacy - Certes 
136 How quantum computing is revolutionising drug development - Drug Discovery World (DDW 
137 https://medium.com/kinomoto-mag/quantum-computing-meets-genomics-the-dawn-of-hyper-fast-dna-analysis-
03208c1428d8 

https://certes.ai/wp-content/uploads/2024/04/Certes-Quantum-Computing-and-The-Future-of-Data-Privacy.pdf
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- Data volume is likely to continue to increase as clinical genetic testing demands increase (e.g. 
increase in MBS item numbers relating to clinical genetic and genomic testing in the last 5 
years138). 

- Modern encryption methods139 (e.g. Rivest-Shamir-Adleman (RSA) and Elliptic Curve 
cryptography (ECC), will be essentially obsolete once quantum computing is affordable and 
more available. 

- High risk of “Harvest now, decrypt later” method. 
- For a review of quantum encryption issues, privacy and the need for to integrate quantum safe 

solutions into existing infrastructure, see link140. 

14.3 Evidence and Readiness 

Regulatory status:  

• No related records on Australian Register of Therapeutic Goods (ARTG). 

• Regulatory challenges could include issues around safe, ethical and equitable integration of quantum 
technologies into healthcare (see Stanford Law School policy guide on regulating quantum & AI in 
Healthcare, Kop, 2024).  Broadly, the policy encourages ‘proactive, flexible, and harmonized policy 
approaches’.   

Adoption in international genomic initiatives (see also Figure 18): 

• Wellcome Institute using quantum computing to analyse pangenomes141.  

• Part of wider Wellcome Leap Q4Bio Challenge142 “The Wellcome Leap Q4Bio Challenge is based on 
the premise that the early days of any new computational method will advance and benefit most 
from the co-development of applications, software, and hardware – allowing optimisations with not-
yet-generalisable, early systems.” 

• Cleveland Clinic and IBM: establishing a quantum computing system for healthcare research143.  

• NIHR-IO conducted a report on emerging quantum technologies for use in healthcare144. 

14.4 Market and Industry Engagement 

Key players: 

• AWS Bracket; IBM; Microsoft; Google AI; Alibaba Group145.  

• Australian companies: Silicon Quantum Computing146; QuintessenceLabs147; Q-Ctrl148. 

Expected timeline: 

• May be longer than five years to hit the sector.  However, the possibility of quantum computing being 
used for potential threats against the health system may be within one to three years (for example 
Harvest now, Decrypt later threat), therefore policies and strategies should be put in place as soon as 
practical by relevant agencies. 

 

 

 

 
 
138 MSAC Applications for Genetic, Genomic and Screening Tests — Australian Genomics 
139 ECC vs RSA vs DSA - Encryption Differences | Sectigo® Official 
140 Quantum Computing and The Future of Data Privacy - Certes 
141 https://www.sanger.ac.uk/news_item/researchers-aim-to-analyse-pangenomes-using-quantum-computing/ 
142 Q4Bio | Wellcome Leap: Unconventional Projects. Funded at Scale. 
143 How quantum computing is revolutionising drug development - Drug Discovery World (DDW) 
144 A Horizon Scan of Emerging Quantum Technologies for use in Healthcare - NIHR Innovation Observatory 
145 https://thequantuminsider.com/2023/12/29/quantum-computing-companies/ 
146 Silicon Quantum Computing 
147 Home | Quantum Cybersecurity from QuintessenceLabs 
148 We make quantum technology useful | Q-CTRL 

https://www.australiangenomics.org.au/publications/msac-applications-for-genetic-genomic-and-screening-tests/
https://www.sectigo.com/resource-library/rsa-vs-dsa-vs-ecc-encryption#:~:text=RSA%2C%20the%20oldest%2C%20is%20widely,both%20signing%20and%20verification%20processes.
https://certes.ai/wp-content/uploads/2024/04/Certes-Quantum-Computing-and-The-Future-of-Data-Privacy.pdf
https://www.sanger.ac.uk/news_item/researchers-aim-to-analyse-pangenomes-using-quantum-computing/
https://wellcomeleap.org/q4bio/
https://www.ddw-online.com/how-quantum-computing-is-revolutionising-drug-development-34423-202504/
https://io.nihr.ac.uk/resources/reports/a-horizon-scan-of-emerging-quantum-technologies-for-use-in-healthcare/
https://thequantuminsider.com/2023/12/29/quantum-computing-companies/
https://www.sqc.com.au/
https://www.quintessencelabs.com/
https://q-ctrl.com/
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14.5 Implementation Challenges and Barriers 

Technical limitations: 

• Currently still at proof-of-concept stage, although some hybrid quantum/classical compute 
techniques are available149.  

• Challenging to establish / fund within health systems infrastructure. 

Regulatory and ethical considerations: 

• Potential equity issues if used in some states / territories but not others.  

• Power of compute raises ethical issues e.g. may threaten encryption methods of data potentially 
exposing sensitive health information150 . 

Quantum Cryptography (PQC) or Quantum-Resistand Cryptology) and focuses on developing cryptographic 
algorithms and protocols that can withstand quantum computing applications151 . 

Specific to healthcare data security: Quantum computers will undoubtedly disrupt many facets of technology 
and business operations. Their impact on data encryption is one of the most pressing for healthcare 
organizations. As this technology becomes more accessible, it will both improve and threaten encryption 
practices152.  

As outlined by Thales: “Quantum computing is progressing rapidly; it won’t be long before a quantum 
cyberattack will be possible. Quantum cyberattacks will be able to cripple large networks in a matter of 
minutes. Everything we rely on today to secure our connections and transactions will be threatened by 
quantum computers, compromising all keys, certificates, and data. Cybercriminals, armed with quantum 
power to break traditional encryption algorithms, can analyze massive amounts of data or hack critical 
infrastructure in seconds153.” 

14.6 Cost and Economics Considerations 

Estimated cost of adoption: 

• A$130 million has been invested in Australia for Quantum technologies154.  A further $101.2 million 
was invested from the 2023 Australian federal budget155.  

• Current global market is $44.5 billion. 

14.7 Strategic Priority for Australia 

The ARC Centre of Excellence in Quantum Biotechnology (QUBIC)156 is a $45 million research initiative to bring 
together quantum computing and life science. There has been a recent $36 million dollar Australian 
Government investment in the Critical Technologies Challenge Program (CTCP)157.  The National Quantum 
Strategy, is the Australian Government’s plan for growth and investment in the quantum industry in 
Australia158.  Guidelines for quantum computing use in the context of secure genomic data processing, storage 
and analysis platforms should align with this strategy, including security issues. 

 

 
 
149 The Many Faces of Hybrid Classical-Quantum Computing - Part 1      - Quantum Computing Report 
150 https://www.wevolver.com/article/technical-and-ethical-issues-in-quantum-computing-the-quantum-challenge 
151 https://cpl.thalesgroup.com/encryption/post-quantum-crypto-agility 
152 medical design briefs 
153 Post-Quantum Crypto Agility 
154 https://iopscience.iop.org/article/10.1088/2058-9565/ab02b4/pdf 
155 https://www.industry.gov.au/publications/national-quantum-strategy; $101 million to help Aussie businesses adopt AI 
and quantum tech 
156 New research initiative aims to position Australia at the forefront of quantum biotechnology 
157 https://www.ausbiotech.org/news/new-grant-programme-for-quantum-technologies 
158 National Quantum Strategy 

https://quantumcomputingreport.com/the-many-faces-of-hybrid-classical-quantum-computing/#:~:text=One%20example%20of%20a%20fast,qubit%20state%20with%20parameterized%20components.
https://cpl.thalesgroup.com/encryption/post-quantum-crypto-agility?utm_source=google&utm_medium=paid&utm_campaign=2024q3-ds-apac-anz-pqc-search&utm_content=705425362009&utm_keyword=quantum%20cryptography%20in%20network%20security&gclid=Cj0KCQjwtJ6_BhDWARIsAGanmKdPiVd7FQnHTRM_MqoHP5mtSfDQfHpHgfin__RqY-quP99Dv_N4n6waAj4AEALw_wcB&gad_source=1
https://www.medicaldesignbriefs.com/component/content/article/51480-how-quantum-computing-will-impact-healthcare-data-encryption#:~:text=Quantum%20computers%20will%20undoubtedly%20disrupt,improve%20and%20threaten%20encryption%20practices.
https://cpl.thalesgroup.com/encryption/post-quantum-crypto-agility
https://iopscience.iop.org/article/10.1088/2058-9565/ab02b4/pdf
https://www.industry.gov.au/publications/national-quantum-strategy
https://www.smartcompany.com.au/federal-budget-2023/budget-2023-101-million-to-help-australian-businesses-adopt-ai-and-quantum-tech/
https://www.smartcompany.com.au/federal-budget-2023/budget-2023-101-million-to-help-australian-businesses-adopt-ai-and-quantum-tech/
https://www.news-medical.net/news/20240902/New-research-initiative-aims-to-position-Australia-at-the-forefront-of-quantum-biotechnology.aspx
https://www.industry.gov.au/sites/default/files/2023-05/national-quantum-strategy.pdf
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Figure 17.  Quantum computing applications in Genomics.  (https://medium.com/kinomoto-mag/quantum-
computing-meets-genomics-the-dawn-of-hyper-fast-dna-analysis-03208c1428d8). 
 
 

 
Figure 18. Global ecosystem of Quantum computing investments (https://www.qureca.com/quantum-
initiatives-worldwide/). 
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15 Artificial Intelligence (AI) Driven Variant Interpretation 

15.1 Technology Overview 

Variant interpretation of genomic sequencing to determine pathogenic variants in rare disease and cancer is a 
time-consuming manual process, often involving multi-disciplinary teams of bioinformaticians, clinical 
geneticists and other specialists and allied health professionals.  Artificial Intelligence is well suited for 
incorporation into variant calling, making use of Machine Learning algorithms and natural language processing.  
Tools that allow for efficient identification of clinically relevant variants, automated literature mining and 
variant classification may improve both the speed and accuracy of the process (Abdelwahab & Torkamaneh 
2025). 

For example, in 2018, DeepVariant was published – a SNP and small-indel variant caller that made use of deep 
neural networks (Poplin et al, 2018).  It was found that AI-based variant calling tools outperformed 
conventional variant calling tools for SNVs and INDELs in most aspects for both long and short reads (Poplin et 
al, 2018).  However, DeepVariant took high average memory across different sequencing platforms (Illumina, 
PacBIO and ONT).  

15.2 Potential Healthcare Applications 

• Rare disease diagnosis: AI models may improve diagnosis / aid in efficiencies of process.  For example, 
tools such as Exomised and AMELIE use AI to match phenotype and genomic data to published literature 
(Birgmeier et al., 2020).   Another example is Fabric Genomics that uses novel AI algorithms in identifying 
genetic causes of rare disease159.   AI is also likely involved in Reanalysis programs, where genomic data 
from patients with no genetic diagnosis can be reinterrogated as phenotypes mature or new gene 
associations are discovered160. 

• Cancer genomics: potential better ability to identify driver mutations / pathways to target for treatment. 
This in turn facilitates targeted, precision medicine and better patient outcomes (for review see O’Connor 
& McVeigh 2025) 

• Variant prediction from phenotype data (e.g. tumour histology):  For example, Coudray et al., (2018), 
used histology images from lung cancer (from Cancer Genome Atlas) and a deep convolutional neural 
network to predict variants in tumour samples.   

• Variant reclassification for example the LEAP (Learning from Evidence to Assess Pathogenicity) tool is 
proposed as a quality control using a machine learning algorithm to help classify variants (Lai et al., 2020). 

• Automated Clinical Report Generation: Congenica uses proprietary automated processes for report 
generation of NGS data161.   

• Population level genomics e.g. GENCORE as an AI framework for reproductive carrier screening162.  

• Pharmacogenomics AI applications in interpreting drug-metabolizing gene variants (such as CYP2D6 and 
codeine metabolism– see Silva et al., (2021), on the application of AI for chronic disease management 
using drug-gene pairings. 

15.3 Evidence and Readiness 

Sensitivity and Accuracy: Abdelwahab et al., (2023) investigated performance of conventional and AI variant 
callers and concluded that AI variant callers (e.g. DeepVariant) had greater specificity precision compared to 
conventional tools (e.g. GATK) for both short and long-read sequencing. AI callers also had better consistency 
across a variety of sequence data read types.  However, the trade-off is a higher computation demand (refer to 
Figure 19 and 20). 

 
 
159 Fabric Genomics Launches GEM Algorithm to Accelerate Genetic Disease Diagnosis, Provide Comprehensive Clinical-
Decision Support 
160 A national large-scale automated reanalysis program — Australian Genomics 
161 Automating Clinical Genomic Analysis & Reporting for Rapid NGS Results 
162 Generative AI Frameworks for Precision Carrier Screening 

https://www.businesswire.com/news/home/20201021005904/en/Fabric-Genomics-Launches-GEM-Algorithm-to-Accelerate-Genetic-Disease-Diagnosis-Provide-Comprehensive-Clinical-Decision-Support
https://www.businesswire.com/news/home/20201021005904/en/Fabric-Genomics-Launches-GEM-Algorithm-to-Accelerate-Genetic-Disease-Diagnosis-Provide-Comprehensive-Clinical-Decision-Support
https://www.australiangenomics.org.au/research/a-national-large-scale-automated-reanalysis-program/
https://blog.congenica.com/automating-clinical-genomic-analysis-and-reporting-for-rapid-ngs-results
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Regulatory approval: A growing number of AI algorithms have been approved by the FDA. These algorithms 
raise several regulatory and ethical challenges around the sourcing and privacy of the data used to train the 
algorithms, the transparency and generalizability of the underlying algorithms themselves, the regulatory 
process for refreshing these algorithms as further data become available, and the liability associated with 
prediction errors. Some of these issues can and should be addressed by open sharing of AI models in detail 
(including source codes, model weights, meta graphs, and so on) with the scientific and medical community to 
improve transparency. (Dias and Torkamani, 2019). 

Policy around AI use in healthcare: As indicated by Kop (2024), there is a need for proactive, flexible and 
harmonized policy to allow for innovation in fields such as AI. 

In Australia, the Australasian Institute of Digital Health is leading development of a National Policy Roadmap 
for Artificial Intelligence in Healthcare. The plan will drive national policy agenda for safe and ethical use of AI 
in healthcare163. Priority areas will include:  

1. AI safety, quality, ethics and security – ensuring the safe use of AI in healthcare. 
2. Workforce – enabling essential training and development of the healthcare and AI workforce. 
3. Consumers – ensuring health AI literacy and sensitivities for collecting Indigenous information. 
4. Industry – supporting industry to thrive and be competitive. 
5. Research – guiding the research that will protect Australia’s national interest. 

International Horizon Scanning Initiatives: NIHR-IO did a general horizon scan on algorithms used in 
development of AI-enabled healthcare technologies164. AI-driven genomics being investigated by Genome 
England (also refer to AI in genomics podcast165). 

15.4 Market and Industry Engagement 

AI based variant calling tools: BCFTools, GATK4, Platypus, DNAscope, and DeepVariant (Abdelwahab et al., 
2023). 

Adoption timeline: AI-driven interpretation already used in some clinical settings (e.g. those that use GAT4K in 
their variant calling pipeline). 

15.5 Implementation Challenges and Barriers 

Regulatory and ethical concerns: Patient privacy and consent in AI-driven decision-making. This is particularly 
so given popularity in mainstreaming AI (i.e. AI chatbots using natural language processing) and concerns 
around data use of new technology such as DeepSeek166. 

A study by Harrison et al., (2024) assessed Australian perceptions of AI use in genomic medicine. Concerns 
included data security, risk of misdiagnosis, risk of discrimination and bigotry”: 

“… findings suggest the public’s view of AI in genomics is not substantially different from their 
view on the use of AI in other areas of medicine. However, the difference in our participants’ 
views between MRI brain scans and genomic data suggest that for some, the type of data being 
analysed can affect the level of trust in AI use. This aligns with the findings of Middleton et al., 
who found in their research on collection and storage of genomic data that some participants 
described genomic data as being ‘special’ or ‘different’ compared to other forms of medical data. 
Further research is needed to clarify how the type of medical data may affect patient attitudes to 
AI analysis.” 

Requires stringent and consistent phenotype terminology: AI requires accurate phenotype information written 
in a standard format (e.g. FIHR, SNOMED or similar). Patient written clinical phenotypes have been shown to 
lead to inaccurate diagnosis results167. 

 
 
163 https://digitalhealth.org.au/blog/australian-roadmap-for-artificial-intelligence-in-healthcare-to-be-launched-at-ai-care/ 
164 I4I-AI-Report_July-2024.pdf 
165 https://www.genomicsengland.co.uk/podcasts/can-artificial-intelligence-accelerate-the-impact-of-genomics 
166 DeepSeek or deep risk? Keeping UNSW’s (and your) data safe in the age of AI | Inside UNSW 
167 Leading AI models struggle to identify genetic conditions from patient-written descriptions | National Institutes of 
Health (NIH) 

https://digitalhealth.org.au/blog/australian-roadmap-for-artificial-intelligence-in-healthcare-to-be-launched-at-ai-care/
https://io.nihr.ac.uk/wp-content/uploads/2024/09/I4I-AI-Report_July-2024.pdf
https://www.genomicsengland.co.uk/podcasts/can-artificial-intelligence-accelerate-the-impact-of-genomics
https://www.inside.unsw.edu.au/campus-life/deepseek-or-deep-risk-keeping-unsws-and-your-data-safe-in-the-age-ai
https://www.nih.gov/news-events/news-releases/leading-ai-models-struggle-identify-genetic-conditions-patient-written-descriptions
https://www.nih.gov/news-events/news-releases/leading-ai-models-struggle-identify-genetic-conditions-patient-written-descriptions
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15.6 Cost and Economic Considerations 
Cost of AI implementation: Already has been incorporated into some variant calling workflows both 
nationally and internationally. 

Healthcare impact: Needs further study on how much it could increase diagnostic rates (or being 
introduced in a reanalysis capacity). 

15.7 Strategic Priority for Australia 

Harrison et al., (2024) indicates reasonable public support of use of AI, particularly in relation to 
diagnosis.  Concerns were over data security, possibility of misdiagnosis, or any AI bias.  Generally, 
aligns with precision medicine in Australia and preventative health. 

 

 
Figure 19.  Average accuracy metrics of variants (SNVs (A) and INDELs (B)) called from Illumina data using give 
different variant callers (from Abdelwahab et al., 2023, Figure 1, Performance analysis of conventional and AI-
based variant callers using short and long reads - PMC). 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10720095/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10720095/
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Figure 20.  Average computational cost (time(A) and memory (B)) for variant calling using three different data 
types: Illumina, PacBio HiFi, and ONT.  ND: not determine (from Abdelwahab et al., (2023), Figure 4, 
Performance analysis of conventional and AI-based variant callers using short and long reads - PMC). 
 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10720095/
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16 Microbiome based therapies for disease treatment and 
prevention 

16.1 Technology Overview 

Microbiome-based therapies aim to modulate the human microbiota to prevent or treat disease treatment, 
aided by recent advances in metagenomics.  Therapies include live biotherapeutic products (LBPs), and fecal 
microbiota transplantation (FMT).  Conditions targeted include inflammatory bowel disease, cancer and other 
metabolic disorders.  Advances are being fuelled by advances in synthetic biology (e.g. engineered probiotics).  
Increasingly, the microbiome will be translated to clinical practice as another arm to disease prevention and 
treatment (refer also to Figure 21). 

16.2 Potential Healthcare Applications 

Infectious disease treatment / prevention: e.g. FMT, see Healthcare Infection Society Guidelines around DMT 
to treat recurrent or refractory Clostridioides difficile (Mullish et al., 2024). 

Cancer treatment: Gut microbiota modulation enhances immunotherapy response (Routy et al., 2018). 

Metabolic diseases: e.g. using microbiome signature in diagnosis? of non-alcoholic fatty liver disease and links 
to type 2 diabetes mellitus (Aron-Wisnewsky et al., 2020).  

Technologies employed: 

• Fecal Microbiota Transplantation (FMT): transfer of fecal matter from a healthy individual to restore 
microbiome balance. 

• Live Biotherapeutic Products (LBPs): biologically active microbiomes, administered to restore 
microbiome balance. 

• Engineered microbial consortia: capable of modulating host immunity or metabolism. 

• Phage therapy targeting the microbiome: bacteriophage-based therapies (in contrast to chemical 
antibiotics) that are capable of selectively targeting disease-causing bacteria (Kortright et al., 2019). 

16.3 Evidence and Readiness 

FDA: microbiome-based therapies approved168 and regulated as class 1 or class 2 biologicals169.  

ARTG: Faecal microbiota transplant (FMT Health 421990). 

Clinical trials: 2546 clinical trials on WHO trial registry. 

International initiatives: Human Microbiome Project (USA, NIH170 https://hmpdacc.org/). 

16.4 Market and Industry Engagement 

Key players: 

• Seres Therapeutics (USA)171.   

• Finch therapeutics (USA)172.  

• Synlogic (USA)173 – synthetic biology and engineered probiotics. 

• Enterome (France)174.  

• 4D Pharma (UK)175.  

• Biomebank (Australia)176. 

 
 
168 https://www.nixonpeabody.com/insights/alerts/2023/05/15/fda-approves-microbiome-based-therapies 
169 Faecal microbiota transplant products regulation | Therapeutic Goods Administration (TGA) 
170 https://hmpdacc.org/) 
171 https://www.serestherapeutics.com/ 
172 Home — Finch Therapeutics 
173 Home - Synlogic Therapeutics 
174 Enterome Secures €46M to Take Microbiome Therapies to Clinical Trials 
175 Revolutionary new medicines from the human gut microbiome 
176 BiomeBank - Restoring gut microbial ecology 

https://hmpdacc.org/
https://www.nixonpeabody.com/insights/alerts/2023/05/15/fda-approves-microbiome-based-therapies
https://www.tga.gov.au/products/biologicals-blood-and-tissues-and-advanced-therapies/biologicals/faecal-microbiota-transplant-products-regulation
https://www.serestherapeutics.com/
https://www.finchtherapeutics.com/
https://www.synlogictx.com/
https://www.labiotech.eu/trends-news/enterome-microbiome-cancer/
https://www.nature.com/articles/d43747-020-01006-2
https://www.biomebank.com/
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• Microba (Australia)177  A recent collaboration with Sonic Healthcare has expanded their market.  

16.5 Implementation Challenges and Barriers 

• Uncertainty for microbiome-based drugs beyond FMT.  

• Personalized microbiome interventions require further validation (including in a range of 
populations). 

• Ongoing evidence collection for implementation into mainstream clinical practice. 

16.6 Cost and Economic Considerations  

• FMT costing – between $5000 and $10,000 available only in limited Australian clinics178. 

• Potential for cost savings by reducing hospital stays and antibiotic resistance burdens. 

• Microba test currently at AU$349 (see also partnership with Sonic Healthcare179, however cost of 
diagnostic clinical testing for therapeutics not fully evaluated. 

16.7 Strategic Priority for Australia 

Australia is well placed in terms of integration of microbiome research, development and innovation 
into the public health system.  For example, the National Microbial Genomics Framework (2025-2027) outlines 
a nationally consistent approach for microbial genomics integration180 (interim Australian Centre for Disease 
Control).  The Australian Consensus Statement on FMT outline guidelines for production and clinical use of 
FMT (Haifer et al., 2020).  The Australian Microbiome Initiative also coordinate research efforts nationally181. 
Additionally, Australian innovation and expertise continues to evolve (e.g. Microba & Biomebank).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
177 Microba | Pioneering Microbiome Science for New Health Solutions 
178 FMT: The ‘life-saving’ treatment. Too soon for hospitals or not soon enough? | SBS The Feed 
179 Sonic Healthcare acquires strategic stake in Microba, establishes significant commercial 
partnershiphttps://microba.com/news/sonic-healthcare-acquires-strategic-stake-in-microba-establishes-significant-
commercial-partnership/ 
180 National Microbial Genomics Framework for Public Health 2025–2027 
181 Australian Microbiome – Australian Microbiome 

https://microba.com/?gad_source=1&gad_campaignid=18692538186&gclid=Cj0KCQjww-HABhCGARIsALLO6XzKGw6-Eo1KlxAi78Dz9CR5uTXdD0oGhd3heDViBnT1iyCShOMjF0waAjU0EALw_wcB
https://www.sbs.com.au/news/the-feed/article/fmt-the-life-saving-poo-swapping-treatment-too-soon-for-hospitals-or-not-soon-enough/d4h961u36
https://www.cdc.gov.au/sites/default/files/2025-03/national-microbial-genomics-framework-for-public-health-2025-2027.pdf
https://www.australianmicrobiome.com/
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Figure 21.  Categorisation of microbiome-based biomarkers for disease.  Microbiome-based biomarkers can be 
classed as tools for screening for diagnosis (pink box), stratification prior to treatment (blue box) and 
monitoring for response to treatment (green box) (From Gulliver et al, 2022, Figure 2, Review article: the 
future of microbiome‐based therapeutics - PMC). 

  

https://pmc.ncbi.nlm.nih.gov/articles/PMC9322325/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9322325/
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17 Organoid and Lab-Grown Tissue Models for Genomic 
Testing 

17.1 Technology Overview 

Organoids and lab-grown tissue models represent three-dimensional systems that are derived from stem cells 
of patient tissues.  They replicate the structure and function of organs, thus offering a unique to interrogate.  
In the context of genomics, this includes response to therapies, investigate disease mechanisms and model 
specific mutations in a relevant tissue.  The 3D structure better represents genomic heterogeneity and also 
tumour-heterogeneity in a cancer context.  Examples of organoids include cardiac, brain and liver.  Tissue 
models reduce over-reliance on animal models and alleviate and/or address ethical concerns around animal 
clinical testing. 

As outlined by Yang 2023 (see also Figure 22): 

“Organoids are three‐dimensional (3D) miniaturized versions of organs or tissues that are derived 
from cells with stem potential and can self‐organize and differentiate into 3D cell masses, 
recapitulating the morphology and functions of their in vivo counterparts. Organoid culture is an 
emerging 3D culture technology, and organoids derived from various organs and tissues, such as 
the brain, lung, heart, liver, and kidney, have been generated. Compared with traditional 
bidimensional culture, organoid culture systems have the unique advantage of conserving 
parental gene expression and mutation characteristics, as well as long‐term maintenance of the 
function and biological characteristics of the parental cells in vitro. All these features of organoids 
open new opportunities for drug discovery, large‐scale drug screening, and precision medicine.” 

17.2 Potential Healthcare Applications 

Cancer Genomics:  

• Tumour-derived organoids from gastrointestinal cancer biopsies used to test drug response 
(Vlachogiannis et al., 2018).   

• Patient-derived organoids can be utilized to assess chemotherapy response in metastatic colorectal 
cancer patients (Ooft et al., 2019).    

• Used to assess tumour heterogeneity (living biobank concept, see Sachs et al., 2018 in Breast cancer 
example.  

Cardiology: use of heart muscle organoids (Voges et al, 2023). Permits modelling of specific cardiac disease 
(e.g.  arrhythmogenic cardiomyopathy) caused by specific mutations.  

Rare Genetic Diseases: Patient-derived organoids to model rare disorders, for example Koc et al., (2025) used 
a cornea organoid model to study aniridia-associated keratopathy. 

Functional Genomics and CRISPR screens: (see also HS Report 4).  For example, Mukhare et al., (2025) 
described how CRISPR screens in human organoids (including pancreatic, ovarian, breast, colorectal, gastric, 
lung and melanoma tumoroid cell lines can investigate new tumour suppressors, drug screens and clonal 
evolution.   

17.3 Evidence and Readiness 

Regulatory Considerations: FDA Modernization Act 2.0: allows organoids to be used in some cases rather than 
animal models (see Zushin et al., 2023). 

Clinical Trials: 141 studies for organoids, on WHO clinical trial registry. 

International Horizon Scanning Initiatives: EMA New Approach Methodologies Horizon Scanning Report 
identified organoids as a complex in vitro model, using a Bibliometric Network Analysis182. 

 
 
182 New Approach Methodologies EU-IN Horizon Scanning Report 

https://www.ema.europa.eu/en/documents/report/new-approach-methodologies-eu-horizon-scanning-report_en.pdf
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17.4 Market and Industry Engagement 

Biotech Startups & Pharma: Companies such as Hubrecht Organoid Technology183. 

Investment Trends: Attracting government funding and from investors184. 

17.5 Implementation Challenges and Barriers 

Regulatory Hurdles: Changes to FDA Act will aid in evaluation. 

Possible issues remain regarding standardization, scalability, ethical concerns and public acceptability. 

Workforce: Highly specialised area, may be challenging to move through regulation and standardization. 

17.6 Cost and Economic Considerations 
Development Costs: High costs and expertise to set up, and cost per sample. 

Cost savings: May aid in drug screening abilities and efficiency. 

17.7 Strategic Priorities for Australia 

Australia has established infrastructure, policy and facilities regarding organoid implementation into public 
healthcare. For example: in 2021, Phenomics Australia185 established a nationally coordinated research service 
focussed on non-animal modelling, including 3D organoid systems; and ii) the Australian Organoid Facility186 at 
the University of Queensland provides quality-assured organoids for basic, translational and contract research.  
 

 
Figure 22.  Strategies for formation of organoids in vitro. The cell sources for establishing organoids include 
embryonic stem cells (ESCs), adult stem cells (ASCs), induced pluripotent stem cells (iPSCs), and tumor cells.  
Resection and/or biopsy specimens from health / patient individuals are dissociated into single cell to form 
organoids by incubating with various signal factors (from Yang et al., (2023), Figure 1, Organoids: The current 
status and biomedical applications - PMC).  

 
 
183 Patient-derived organoids CRO | Drug discovery | Organoid development services - HUB Organoids 
184 https://www.sinaihealth.ca/news/sinai-healths-10m-funding-fuels-creation-of-lab-grown-organoids-for-disease-
research-and-drug 
185 Phenomics Australia – Phenomics Australia 
186 Australian Organoid Facility (AOF) - Australian Institute for Bioengineering and Nanotechnology - University of 
Queensland 

https://pmc.ncbi.nlm.nih.gov/articles/PMC10192887/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10192887/
https://www.huborganoids.nl/
https://phenomicsaustralia.org.au/
https://aibn.uq.edu.au/aof
https://aibn.uq.edu.au/aof
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18 Direct RNA Sequencing for Disease Diagnosis 

18.1 Technology Overview 

Direct RNA sequencing is continuing to emerge as a tool in disease diagnosis and other healthcare applications 
by enabling high-throughput transcriptomic sequencing and profiling.  The approach permits real-time analysis 
of full-length RNA molecules without the need for a reverse transcription (to cDNA) or amplification step.  
Therefore, the approach preserves native RNA modifications and splicing patterns to permit a more 
comprehensive assessment of disease relevant transcripts.  This includes analysis of fusion genes, allele-
specific expression and isoform differences.  Combined with DNA sequencing approaches, direct RNA 
sequencing affords a more comprehensive picture of clinically relevant disease-causing mechanisms. 

As outlined by Jain et al., (2022): 

“Nanopore direct RNA sequencing (DRS) reads continuous native RNA strands. Early adopters 
have used this technology to document nucleotide modifications and 3′ polyadenosine tails on 
RNA strands without added chemistry steps. Individual strands ranging in length from 70 to 
26,000 nucleotides have been sequenced. In our opinion, broader acceptance of nanopore DRS 
by molecular biologists and cell biologists will be accelerated by higher base call accuracy and 
lower RNA input requirements.” 

18.2 Potential Health Applications 

Cancer Diagnosis: Identifying RNA signatures in tumour cells (e.g. fusion genes, allele-specific expression.  

Infectious diseases: Direct RNA sequencing was pivotal in tracking SARS-CoV-2 variants (Viehweger et al., 
2019)). For example, Herberg et al., (2016) discriminated between bacterial and viral infection in febrile 
children, using the host RNA signature, with high accuracy compared to clinical and microbiological diagnosis. 

Rare diseases: e.g. RNA splicing, gene fusions and allele-specific expression in Mendelian diseases, which can 
be diagnostic in when whole exome or genome approaches are inconclusive (Kremer et al., 2017; Yepez et al., 
2022, (see also Figure 23); Bournasoz et al., 2022).  

18.3 Evidence and Readiness 

Regulatory approval: limited FDA approval for direct applications. 

FDA approved Foundation One for determination of fusions in tumours, using a tissue-based RNA sequencing 
test187. 

MBS reimbursements available – for example item 73433, neurotrophic receptor tyrosine kinase fusion 
determination using RNA in metastatic solid tumours188.  

18.4 Market and Industry Engagement 

Commercial sequencer availability:  
Oxford Nanopore Technologies 
G4X  
Thermo Fisher Scientific 
PacBio 

Service providers: 
BGI Genomics 
Novogene 
Azenta Life Sciences 
10x Genomics (Chromium platform, Visium for spatial transcriptomics 
Strand Life Sciences 

 
 
187 Foundation Medicine Launches RNA Sequencing Test, FoundationOne®RNA, in the U.S. | Foundation Medicine 
188 Item 73433 | Medicare Benefits Schedule 

https://www.foundationmedicine.com/press-release/foundationone-rna-us-launch
https://www9.health.gov.au/mbs/fullDisplay.cfm?type=item&q=73433&qt=item
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18.5 Implementation Challenges and Barriers 

Sample integrity.  RNA is more challenging to handle compared to DNA, and requires further standardisation 
of sample extraction and quality (e.g. RIN score). 
Accuracy: Long read sequencing allows for interpretation of isoforms and structural variants, however there 
are trade-offs in accuracy and low throughput.   
Clinical validation: General lack of clinical guidelines. 

18.6 Cost and Economic Considerations 
Equipment costs: Oxford Nanopore’s platforms are relatively affordable (US$2,999), but advanced high-
throughput systems can cost > $100,000 (e.g. Illumina MiSeq I100 Plus, $US49,000 - $US109,000)189. 

Per-sample costs: Lower than traditional RNA-seq due to reduced library preparation steps.  

18.7 Strategic Priority for Australia 

Strategic policy and investment recognise the transformative potential of RNA technologies such as direct RNA 
sequencing. For example, the Commonwealth Government released Australia’s RNA Blueprint in 2024, which 
recognizes the importance of RNA-based therapeutics, diagnostics and associated manufacturing.  Overarching 
goals included connecting and promoting the national RNA ecosystem and leading RNA regulation and 
guidance development190. Such a national approach could leverage existing RNA networks e.g. RNA4RD and 
Splice Accord and existing RNA manufacturing facilities such as the $96 million RNA research centre funded by 
the NSW Government at Macquarie University191. 

 
Figure 23.  Experimental design of an RNA-seq based diagnostic study (Yepez et al., (2022), Figure 1, Clinical 
implementation of RNA sequencing for Mendelian disease diagnostics - PMC). 
 
 

  

 
 
189 Illumina Unveils MiSeq I100 Series Sequencing Systems To Advance Next Generation Sequencing For Labs; US List Price 
Is $49,000 & $109,000 For MiSeq I100 Plus; Available For Global Shipping In 2025 
190 Australia’s RNA Blueprint | Department of Industry Science and Resources 
191 $96m RNA facility to be built at Macquarie University | This Week At Macquarie University 

https://pmc.ncbi.nlm.nih.gov/articles/PMC8981716/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8981716/
https://www.moomoo.com/news/post/44381577/illumina-unveils-miseq-i100-series-sequencing-systems-to-advance-next?level=1&data_ticket=1748659547526608
https://www.moomoo.com/news/post/44381577/illumina-unveils-miseq-i100-series-sequencing-systems-to-advance-next?level=1&data_ticket=1748659547526608
https://www.industry.gov.au/publications/australias-rna-blueprint
https://www.mq.edu.au/thisweek/2023/02/24/96m-rna-facility-to-be-built-at-macquarie-university/
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19 Integration of Genomics into Electronic Medical Records 

19.1 Technology Overview 

In Australia there are varying degrees of integration of electronic health records in health systems (i.e. moving 
from medical paper charts), in some cases only in the past 5 years.  With genomics continuing to play a crucial 
role in healthcare, there may be a need to use genomic data more directly in medical records at the point of 
care (e.g. ieMR systems).   As outlined by Carter et al., (2022), there is a lag in information systems to support 
genomic workflows from both a diagnostic laboratory and patient-facing provider perspective.  Although many 
other applications may come into play in the future (e.g. pharmacogenomics, population level screening (e.g. 
reproductive carrier screening and newborn screening), microbiome factors etc), investigating this area for 
implementation would allow easier integration in the future (refer also Figure 24).  This includes using 
SNOMED or FHIR data for interoperability and gene–phenotype associations. 

As outlined by Robertson et al., 2024 (refer also to Figure 25):  

“EHRs are enabling health care to move from protocol-based medicine to precision medicine and 
helping bring about the next generation of evidence-based practice. Critical to this 
transformation are the clinical decision support systems (CDSSs). CDSSs are electronic systems 
that use the information in an EHR to support the treatment of a specific disease or group of 
related diseases. Using a patient’s data in the EHR, a CDSS processes this information in real time 
and presents the results to clinicians, often with the context provided by the relevant clinical 
guidelines. The clinician is then able to filter these outputs through the lens of their clinical 
experience, and the nuance of the scenario, to provide an individual with a precise intervention 
based on their unique physiology, medical history, and current situation.” 

The adoption of other population level genomic screening (e.g. newborn screening) provides another 
opportunity to explore and plan for integration. 

Note that other aspects identified in this project, such as AI more broadly, are likely to play key roles in 
harnessing the power of electronic medical records.  For example, the ThinkRare algorithm may permit 
identification of patients with previously undetermined underlying genetic causes of disease192. 

19.2 Potential Healthcare Applications 

• Disease Risk prediction (e.g. Polygenic Risk Score incorporation). 

• Carrier Screening and reproductive planning. 

• Pharmacogenomics and Medication Safety. 

• Reanalysis: prompting of reanalysis as phenotype evolves, or new clinical information. 

• Clinical workflow optimization e.g. automatic referral to specialist services or genetic counselling if 
certain thresholds are met via RMA-integrated genomics. 

• Population health management:  e.g. population level screening (see DNA screen). 

• Family history and cascade testing: storing of family history consistent with privacy laws and 
streamlining of family contact. 

19.3 Evidence and Readiness 

• Emerge network (NIH) – Electronic Medical Records and Genomics network. 

• EPIC software has been building a genomics model which is currently being employed in some 
Australian jurisdictions193 194. 

• Points of consideration statement from ACMG (Gebe et al., 2020), this included the need for 
information to be available to other specialist clinicians, and the need to accommodate direct-to-
consumer genetic testing. 

 
 
192 https://www.cheo.on.ca/en/news/world-first-ai-algorithm-developed-at-cheo-leads-to-rare-disease-diagnosis-for-
families.aspx 
193 Epic | ...With the patient at the heart 
194 Epic Electronic Medical Records (EMR) : About Epic Electronic Medical Records (EMR) 

https://www.epic.com/
https://www.rch.org.au/emr/
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• PennChart Genomics Initiative: The PennChart Genomics Initiative (PGI) at the University of 
Pennsylvania is a multidisciplinary collaborative effort including Penn Medicine clinicians, researchers, 
pathologists, legal staff, and information services with input and efforts from Epic Systems 
Corporation (Wisconsin) and Ambry Genetics Corporation (California), a commercial genetic testing 
laboratory. (Lau-Min et al, 2020). 

19.4 Market and Industry Engagement 

• Google Health e.g. Care Studio clinical software195. 

• Tempus startup196.  A desktop platform for ordering, managing and receiving tests and patients 
results. 

• Fabric Genomics197. 

19.5 Implementation Challenges and Barriers 

Challenges and Barriers (refer also to Table 4) 

• Regulatory and ethical considerations: use of genetic data by non-genetic specialists.  Solutions of 
data sharing issues, and research vs clinical data / reporting. 

• Privacy concerns: including how to store / secure family related data. 

• Resistance to change e.g. Hospital and Health service units within a particular state or territory may 
be utilizing completely different electronic medical record systems, or withing the same system, with 
rolling upgrades and versioning issues, which would contribute to significant compatibility and 
standardization challenges. 

• Data volume and complexity – also issues of interoperability between states, which is particularly 
important due to family and sibling data necessary for genetic interpretation of pedigrees. 

• Workforce: training of staff and adoption issues. 

• Cost and infrastructure. 

Enablers 

• Leverage existing phenotype standardization (e.g. FHIR, SNOMED). 

• National Genomic structures (e.g. Genomics Australia). 

19.6 Cost and Economic Considerations 
• Very high infrastructure costs for changing / modifying ieMR system. 

• Health economics of any cost savings would take considerable time / pilots to provide evidence base. 

19.7 Australian Strategy 

Integration of Genomics into electronic health record is a large task, however mapping out an approach and 
strategy in the immediate future will aid in implementation.  There is a risk of not investing early in terms of 
the likely increase in genomic data, particularly at a population level (e.g. Reproductive carrier screening).  
Similarly, greater uptake of MBS funding for genomic testing may drive changes to ieMR198). 

In order to ensure successful consultation and engagement in this area, we note the Importance of 
collaboration with Clinical Genetic provides, state, territory and Commonwealth government, Genomics and 
Genetic advocacy groups and Australian Institute of Digital Health (including State and Territory Digital Health 
Agencies. There is also an opportunity to align with the aspects of data sharing and interoperability of the 
proposed National Approach to Genomic Information Management (NAGIM199 , which is a digital genomics 
framework including best practices on managing genomic information. 

 
 
195 Take a look at Conditions, our new feature in Care Studio 
196 tempus.com 
197 Clinical Genomics - Fabric Genomics 
198 MSAC Applications for Genetic, Genomic and Screening Tests — Australian Genomics 
199 Progress the implementation of the NAGIM Blueprint — Australian Genomics 

https://blog.google/technology/health/take-look-conditions-our-new-feature-care-studio/
https://fabricgenomics.com/clinical-genomics/
https://www.australiangenomics.org.au/publications/msac-applications-for-genetic-genomic-and-screening-tests/
https://www.australiangenomics.org.au/projects/progress-the-implementation-of-the-nagim-blueprint/
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Other relevant groups include the Australian Alliance for Artificial Intelligence for Health Care (AAAiH)200. and 
National Digital Health Strategy 2023-2028201(Australian Digital Health Agency).  

Other legislation and standards to be adhered to include The Privacy Act (1988), My Health Records Act (2012), 
National Pathology Accreditation Advisory Council (for genetic, genome and phenotype data).  Genomic data 
integration must also align with clinical terminology standards such as SNOMED CT_AU202, to ensure 
interoperability. 

 

 
Figure 24.  Workflow and data transformations required for a genomic-ready electronic health record (Carter 
et al., (2021), Figure 1, Electronic Health Records and Genomics - The Journal of Molecular Diagnostics). 
 

  

 
 
200 Ai Health Alliance | Innovation | Translation | Impact 
201 Discover the National Digital Health Strategy (2023 - 2028) 
202 SNOMED CT-AU and Australian Medicines Terminology May 2022 Release 

https://www.jmdjournal.org/article/S1525-1578(21)00327-5/fulltext
https://aihealthalliance.org/
https://www.digitalhealth.gov.au/national-digital-health-strategy
https://www.digitalhealth.gov.au/healthcare-providers/product-releases/snomed-ct-au-and-australian-medicines-terminology-may-2022-release
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Table 4. Summary of challenges of opportunities for use of electronic medical record in genomics (from Carter 
et al., (2021), Table 1, Electronic Health Records and Genomics - The Journal of Molecular Diagnostics). 

Challenges Opportunities 

EHRs are not yet ready to send accurate, coded, and 
appropriately granular clinical history, signs, 
symptoms, family history, and other broad sets of 
data elements to laboratories without generating 
significant burden on providers. 

Develop stakeholder consensus-derived and standardized methods 
to apply accurate concept codes to the clinical notes, signs, 
symptoms, and family histories as well as specimen locations, such 
that necessary information could be sent by the provider using an 
automated or semi-automated import into the electronic order for 
genomic testing. 

EHRs lack sufficient information about genetic test 
orders and generally do not have discrete variant 
result data to facilitate appropriate test ordering and 
utilization. 
Absence of standardized genomic variant data 
structures from the LIS to the EHR. 

Establish a consensus standard for minimum discrete data required 
to define a genomic variant in an EHR. 
Establish a consensus standard for minimum discrete data needed to 
define a genetic/genomic test order. 

Interoperability standards for genomics are currently 
limited in several ways, including the use of syntax 
with limited hierarchy (HL7 version 2.x) and 
inadequate coding systems for genomic orders and 
results. 

Before mandating changes to interoperability requirements, 
governments and regulators should carefully review the cost and 
burden to laboratories as well as the safety of existing coding 
standards that are currently inadequate for genomic data. Such work 
should occur after establishment of a consensus standard for 
minimum discrete data required to define a genomic variant. 

Genomic reports between laboratories are variable 
in structure and content. 

Develop recommendations for content and structure of genomic 
reports that support providing the established consensus standard 
for minimum discrete data required to define a genomic variant in an 
EHR. 

Implementation of molecular pathology and 
genomics professional societies multi-organizational 
consensus standards and guidelines for variant 
nomenclature, hierarchical result structure, and 
genomic report formats has been modest. 

Encourage laboratories and EHRs to support and implement 
molecular pathology and genomics professional societies multi-
organizational consensus standards and guidelines for report content 
and structure to standardize structure and content between 
laboratories. 
Professional organizations should consider further developing 
consensus report structures that use sound principles of human 
factors engineering and usability. 

There are no standards for how to display 
aggregated variant data over time and between 
sample sources, tests, and laboratories that keep 
clinical context and associated interpretation intact. 

Standards for aggregation of genomic data over time and between 
sample sources, tests, and laboratories should be developed that 
keep clinical context and associated interpretation intact. 

Consensus guidelines on best practice for requesting 
and providing reclassification of variants is not 
currently available. 

Establish consensus guidelines on best practice for requesting and 
providing reclassification of variants. 

Genomic reports are difficult for medical personnel 
and patients to understand, and in the United States, 
patients have the right to immediately access their 
genomic test reports on request. 

Professional organizations should consider further developing 
consensus report structures that use sound principles of human 
factors engineering and usability that enable understanding by most 
patients. 

Absence of national and international standards for 
CDS rules. 

Establish evidence-based international recommendations for CDS in 
genomic test orders and in drug orders impacted by genomic results 
for safety and consistency in practice with a prerequisite minimum 
discrete genomic variant data consensus standard established. 

Currently, textual data from genomic reports are 
exported and released to authorized parties, and 
analysis of such data is limited by its highly variable 
format and lack of structure. 

Establish and integrate appropriate, safe, and functional 
international standards for interoperability and data retrieval. 

Current technology lacks sufficient functionality to 
ensure that release of genomic data to appropriate 
health care organizations, research studies, or 
clinical repositories requires and receives informed 
consent from the patient or legal guardian, and/or 
institutional board review. 

Develop technology and cybersecurity functions in EHRs that ensure 
that genomic data are released as authorized after informed consent 
from the patient along with tools to educate patients about informed 
consent. 

Current coding and interoperability standards are 
not adequate for genomic data. 

Develop safe, complete, and accurate standards for coding and 
interoperability of genomic data, per the future established 
minimum discrete variant data standard. 

 
 

https://www.jmdjournal.org/article/S1525-1578(21)00327-5/fulltext
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Figure 25.  A simplified overview of a patient’s journey through a modern digitally enabled health care system.  
(from Robertson et al., (2024), Figure 1, It Is in Our DNA: Bringing Electronic Health Records and Genomic Data 
Together for Precision Medicine - PMC). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://pmc.ncbi.nlm.nih.gov/articles/PMC11211701/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11211701/
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Appendix 1: Methodology 
International Horizon Scanning of Emerging Disruptive Health Genomics 
Technologies 
 
 

Scan Sources 
 

 

 

 

 

 

 

 

 

Initiatives/agencies/groups: Australia 
• State and territory government representatives in genomic space (e.g. ORI Queensland 

Health) 

• Australian Genomic Technologies Association representatives 

• Life Sciences / Biotechnology representatives (e.g. DeCODE Science, Illumina, Oxford 

Nanopore Technologies, PacBio, BGI/ MGI, Twist BioScience, 10XGenomics) 

 

Initiatives/agencies/groups: International:  
 

• World Health Organization 

UK 

• Genomics England 

• NIHR Innovation Observatory (Newcastle University) (https://www.io.nihr.ac.uk/) 

• NICE (National Institute for Health and Care Excellence) 

 

EUROPE 

• International Consortia for Personalised Medicine 

• Orphanet 

 

 

USA 

• PCORI (Patient Centred Outcomes Research Institute) 

• GA4GH (Global Alliance for Genomics in Health) 

Material to review: 

• Peer reviewed literature 

• Policy/strategy/implementation papers 

• Funding rounds by Australian and international initiatives 

• Seed/pilot Funding by state health departments (e.g. VMRAF (VIC), ORI 

(QLD)) 

• Relevant conference programs (e.g. AGTA, HGSA, ESHG, ASHG) 

• Clinical trial registries (WHO, NIH) 
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• Broad Institute of MIT and Harvard 

• Chan Zuckerberg Initiative 

• Gates foundation 

 

Canada 

• Genome Canada 

• National Research Council of Canada Industrial Research Assistance Program (NRC IRAP) 

• Canadian Agency for Drugs and Technologies in Health (CADTH) Horizon Scanning Service 

 

Singapore 

• Precise Singapore 

 

 

Scan Horizon 
 
Technologies and/or Technology applications that were deemed to be hitting the health sector in 
the next 1-3 years. 
 

 

Filtration Step 
 

• Does the technology have the potential to impact the Australian healthcare system 

• Likelihood of adoption by States and Territories 

• Is the technology new or an established technology for a new indication 
 

 
Technology prioritisation criteria  
 

• Likelihood of adoption by States and Territories 

• Alignment with Genomics Australia / National Health Genomics Policy Framework  

• If a current unmet need is addressed  

• Ease/challenge of implementation in health sector  

• How likely technology application will hit sector in next 1-3 years  

• Cost – both initial and to sustain (e.g. hospital / diagnostic infrastructure costs)  

• Broader systems benefit e.g. lessening burden of journey to diagnosis; reduced length of 
hospital stay; reducing other hospital costs 

• Opportunities for Disinvestment 
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