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Key Messages

* CADTH's 2023 Watch List presents the top 10 precision medicine technologies and issues
that have the potential to make a significant and meaningful impact in transforming health
systems in Canada over the next 5 years. These technologies and issues are likely to shape
the future of health care.

* The Human Genome Project was completed 20 years ago and offers new opportunities
to use an individual's genetic information to manage their health care. Today, as health
systems see an emergence of new precision medicine technologies that can use a
person’s unique characteristics to inform and tailor their care, the 2023 Watch List unpacks
the hype from hope, and indicates where there is likely real opportunity to improve patient
care and health systems delivery.

* As part of the 2023 Watch List, we identify and describe the 5 top precision medicine
technologies; among them, examples such as liquid biopsies for informing cancer
treatments and pharmacogenomics testing for mental health conditions that may
shape the future of health care. To prepare health systems for their wider adoption and
implementation, the 2023 Watch List explores some considerations for health care
decision-makers about the impact and implications the technologies may have on care
pathways, health human resources, health care infrastructure, and health equity.

* The 2023 Watch List also identifies the top 5 issues that crosscut the broader scope of
precision medicine technologies and could limit health systems from realizing the full
potential of the technologies. Among them, issues such as increasing complexity related
to interpreting test results and challenges in regulating precision medicine technologies
are key issues that likely warrant more attention and will influence the wider adoption,
diffusion, and implementation of precision medicine technologies.

e Collectively, monitoring ongoing developments and evidence related to the top
technologies and issues highlighted in the 2023 Watch List can help support health care
stakeholders to future-proof health systems and guide health system planning in Canada.

Introduction

CADTH routinely identifies new and emerging technologies that are likely to have a significant
and meaningful impact on Canada'’s health care systems. Through regular monitoring of
various health information resources, CADTH supports decision-makers by informing them
about emerging health technologies to prepare for their potential introduction, availability,
and wider adoption. CADTH's annual watch lists' specifically identify technologies that

have the most potential to transform health systems and shape the future of health care

in Canada. The annual list anticipates how innovations within technology may affect future
health system needs and provides early signals to help guide health system planning. Building
on previous lists that examined health technologies across different health conditions and
aspects of care, the 2023 Watch List delves deeper into health technologies within a single
theme, focusing on key developments within precision medicine technologies.

The Promise of Precision Medicine

Precision medicine? is an approach that uses information about individuals’ unique biological,
environmental, and health behavioural characteristics to inform and tailor their care. It

CADTH Horizon Scan 2023 Watch List: Top 10 Precision Medicine Technologies and Issues 8


https://canjhealthtechnol.ca/index.php/cjht/article/view/er0012
https://medlineplus.gov/genetics/understanding/precisionmedicine/definition/

CADTH

enables a shift in certain aspects of health care away from a ‘one-size fits all’ approach to an
alternative where a person’s unique characteristics and circumstances are used to inform
their care. Since the completion of the Human Genome Project in 2003, precision medicine
has opened up new opportunities to prevent, diagnose, and treat many health conditions
using genomic information (DNA or RNA).? For example, it has led to new technologies that
can identify people with an increased risk of chronic health conditions such as Alzheimer
disease, the development of tools that can improve the detection and diagnosis of rare
diseases, and the proliferation of drug therapies targeted to specific mutations within cancer
care.*® Advancements in sequencing technology and data analytics, along with investments
into research and large genomic-based initiatives in Canada and internationally, are
accelerating the pace of innovation of precision medicine technologies.*”°

While the increased development of precision medicine technologies raises an appealing
proposition for delivering more targeted care that could improve outcomes, the
transformation also brings more complexity to and for health systems. Should these
technologies see increased adoption into routine clinical use, they are likely to change
multiple aspects of care including pathways of care, health and human resources, health
care infrastructure, patient outcomes and experiences, and raise equity considerations.*'"3
To alert decision-makers to innovations within precision medicine and possible implications
for health systems, the 2023 Watch List identifies new and emerging precision medicine
technologies and crosscutting issues related to the technologies that are likely to have a
significant impact on health care systems in Canada over the next 5 years.

Developing the 2023 Watch List

Given that precision medicine is a broad field, the scope of the 2023 Watch List is limited

to medical devices, clinical interventions, or other health care technologies that can detect,
characterize, or use people’s genomic or protein information to inform and tailor their care
(refer to Appendix 1). It does not examine precision medicine therapies or other technologies
that are defined as drugs by Health Canada (such as most stem cell products), or
technologies that are not directly part of clinical care with patient outcomes (e.g., health care
information technology software).

To be considered for the list, the technologies also had to be new or emerging; that is, not

yet available or widely adopted in Canada beyond a limited number of health care centres or
initiatives. Specific examples of technologies, ongoing research studies, or other initiatives are
also included to illustrate the items in practice and are provided for general awareness. Items
on the 2023 Watch List are not ranked in order of importance, potential impact, or timing

of that impact, but some technologies are further along in their development than others.
This year's watch list also identifies the top issues; that is, the policy, social, legal, ethical, or
regulatory considerations that crosscut the broader scope of precision medicine technologies
and could affect their ongoing development, adoption, or implementation in Canadian

health systems. Although effort was made to separate issues into discrete items, due to the
interconnectedness of themes, there may be some overlap. The list is not an endorsement of
any specific technology and is intended to be used for informational purposes only.

CADTH developed the 2023 Watch List using a modified James Lind Alliance (JLA) priority-
setting approach. A short list of emerging technologies and issues was identified from
published literature and industry news with input from an expert advisory group. The final
items on the 2023 Watch List were selected by a panel through a consensus-based decision-
making process. The panel brought together diverse views and experiences, and included
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patient partners, people with lived experiences, policy and legal experts, researchers, industry
representatives, and health care professionals from across Canada. Further details about the
selection and identification process of the items are described in Appendix 1.

Watch List Objectives

The 2023 Watch List aims to highlight the precision medicine technologies that are poised to
have the most significant and meaningful impact to health care decision-makers and that are
likely to shape the future of health care in Canada over the next 5 years. It also serves as a
guide to separate some of the hype from hope about the prospect of these technologies and
describes some of their related uncertainties. The top issues identified in the 2023 Watch List
point decision-makers toward the policy, social, ethical, and legal considerations that underpin
developments within precision medicine technologies. Contextualizing the technological
developments alongside the broader issues can provide insight about the future of precision
medicine in Canada and support health systems planning. Collectively, the top 5 precision
medicine technologies and top 5 issues constitute the 2023 Watch List.

Top Precision Medicine Technologies to Watch

Digital Tools to Access Genetic Information and Navigate Care

A 2020 survey of people in Canada showed that there was a 35% increase in access to
online health data since 2019, and that 79% of people wanted electronic access to their
personal health information.™ Digital tools such as patient portals and other applications
give clinicians, patients, and families direct access to individualized health information. In the
context of precision medicine, these technologies can help people connect with their genetic
test results, understand the implications of findings, and provide them with opportunities

for meaningful engagement with health care professionals to discuss results that could

help improve their health outcomes.™'® With an emergence of tests such as whole genome
sequencing or larger gene panels that collect information about hundreds of genes or other
biomarkers, the size and complexity of information can be overwhelming. Tools that can
help make sense of that complexity and provide patients, family members, and health care
professionals with a platform to contextualize genetic information could help improve the
patient experience, support shared decision-making, and support patient-centred care.”

A systematic review reported there are at least 70 different tools for delivering genetics care,
including web-based portals, applications, and digital tools that may be used for clinical
assessment, patient education, pretest and posttest counselling, and reporting results.'®
Should some of these (or future) digital tools see increasing adoption and implementation
over the next 5 years, they will likely raise several opportunities and considerations for health
systems. For example, amid increasing demand for genetic testing, these technologies could
help improve access to patient counselling services delivered by clinical geneticists, genetic
counsellors, or primary care providers.”” Some digital technologies may improve workflow
efficiencies by reducing administrative time spent preparing charts or other materials.’®

Similar to the broader digital health space, the growth prospect of digital tools for genetics
underscores the growing importance of patient data privacy and security, which are key
concerns for people in Canada.™ Continuing to enhance data privacy infrastructures will
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be pertinent for addressing safety concerns, as genetic test results from medical records
will need to connect seamlessly with patient-facing digital tools while still ensuring
sensitive information, such as genetic risk factors, remains secure and confidential.’®?°
The technologies’ wider diffusion across Canada will likely also be dependent on digital
health equity considerations, including the potential benefits of technology to overcome
geographical barriers to access, initiatives to improve health literacy, and supporting
technology infrastructure (e.g., internet access in rural and remote areas).’®

Examples of emerging digital tools to watch include:

e Genetics Adviser?! (Toronto, Canada) is a digital genetic counselling and education support
tool that is intended to guide patients throughout their pathways of care. It provides
information to people before testing, helps describe the potential benefits and harms of
different tests, and provides a guide to understanding test results and implications of
findings, as well as a lifelong record of their genetic results and updates over time.?" The
digital tool is adaptable to multiple genetic test types, populations, and clinical settings.
A mixed-methods randomized control trial is under way to assess the effectiveness of
the tool when accompanied with genetic counselling (compared with genetic counselling
alone) on different outcomes such as impact on decision-making, patient experience,
and economic costs.? The project is supported in part by the Canadian Institutes of
Health Research, St. Michael's Foundation, and the McLaughlin Centre at the University
of Toronto.??

ShareDNA? (Seattle, US) is a free smartphone application that helps patients upload and
share their genetic test results securely with others and learn how to interpret results
without the need to input a large amount of personal data.?* An early user-testing study
reported that people felt comfortable with using the application but also indicated a need
to provide more information about how data are kept secure.?* The project is supported
in part by the National Institutes of Health and the Kaiser Permanente Washington Health
Research Institute in the US.2*

Liquid Biopsy for Informing Cancer Treatments

Liquid biopsy? is an emerging technology that detects genomic information in bodily

fluids and could alter traditional pathways of care for cancer. While traditional approaches

of precision-based testing rely on surgical biopsies, liquid biopsies could shift existing
approaches toward less invasive testing technologies. Primarily aimed at detecting cell-free
DNA in blood, these technologies may also be capable of detecting DNA from urine, saliva,

or cerebrospinal fluid.? The technology is based on growing evidence that among certain
cancers, tumour cells can release DNA into bodily fluids.?® These DNA fragments may have a
distinct genomic profile compared with DNA shed from healthy cells and, with the appropriate
testing technology, can help describe features about the cancer that can be important for
guiding treatment. Although different types of liquid biopsy—based testing technologies exist,
tests that are used to guide treatment decisions after a cancer diagnosis, rather than tests
used for screening, were specifically selected as 1 of the top precision medicine technologies
to watch over the next 5 years. While the majority of these technologies that are currently
available are single-gene assays or multigene panels that use some form of polymerase chain
reaction (PCR) technology, next-generation sequencing (NGS) technologies that assess a
multitude of genomic targets are increasingly being developed and adopted.??

Liquid biopsy can also provide information about suitable therapy targets (for example, as a
companion diagnostic), therapeutic response (such as drug resistance), cancer progression
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(including evolution of the tumour over time), and signs of recurrence using minimally invasive
approaches (i.e., blood based assays).?® Among people for whom surgical biopsies could be
associated with elevated risks or when performing multiple surgical biopsies throughout a
person’s clinical journey may not be feasible, liquid biopsies could provide an alternative or
complement to tissue-based assays and help improve the patient experience and clinical
outcomes.?¢? Although the technology has seen the greatest adoption for informing care for
people with non—small cell lung cancer (NSCLC) because of the cancer’s heterogeneity and
different possible treatment options, liquid biopsy may become more commonly used in the
next 5 years for additional cancer types, such as colon, breast, ovarian, and prostate.?>°

Emerging research about the diagnostic accuracy (which is typically lower than that of
tissue-based assays), clinical utility, and cost-effectiveness of liquid biopsy tests will be
important to monitor. Should liquid biopsy be more widely adopted, health systems will
likely need to consider its infrastructure requirements, including the upfront equipment
investment, personnel training, and laboratory capacity needed to conduct such tests.?
Especially in the case of NGS-based tests, health systems likely need to consider whether
centralization (compared to a decentralized or regional-based testing infrastructures) may
be a more sustainable approach to implement testing and analysis.?® Evaluating liquid
biopsy for reimbursement can be complex and learning from its early use and adoption for
NSCLC can guide ongoing development.®' Continuing to engage with patients and health
care professionals to understand perspectives about the technology and how it is used in
care pathways can also help guide future adoption.®? Should the use of liquid biopsy expand
from limited cancer types and a few tertiary research centres to more cancer types and as
part of routine care in more centres, the wider diffusion of the technology may provide more
equitable access within and across jurisdictions in Canada.

Examples of emerging technologies and their assessments include:

e Comprehensive genomic profiling technologies are NGS-based, liquid biopsy tests that can
characterize up to hundreds of genes, inform treatment selection, and monitor therapeutic
response for NSCLC and other solid tumours with a single sample.®

e Blood tests to detect EGFR mutations®® are PCR-based tests developed by different
manufacturers. These tests identify mutations in the EGFR gene, which can confer
resistance to certain drugs, to help guide treatment selection for NSCLC.

* The PREDICT trial ongoing in British Columbia®* is examining the detection rate, clinical
outcomes, and cost implications of using liquid biopsy. The randomized open-label trial is
comparing molecular characterization of tissue-based testing with liquid biopsy—based
NGS testing (using FoundationOne Liquid CDx) to inform treatment decisions for multiple
cancer types.

“Omics-Based” Sequencing Technologies Across Pathways of Care

Whole genome (the entire DNA code of an individual), exome (the DNA code of all protein
coding regions), and transcriptome (global gene expression as measured by RNA) sequencing
are precision medicine technologies that are referred to as “omics-based” technologies
because they characterize the complete or comprehensive set of molecular information

of individuals’ cells and tissues.®® This approach is in contrast to targeted approaches that
examine a limited number of genes, genomic areas, or proteins. The comprehensive nature of
omics-based sequencing technologies allows for a single test to be performed at the onset

of clinical presentation rather than a series of individual tests, helping to improve diagnostic
information and possibly increase speed of diagnosis.*¢%¢ Although whole genome, exome,
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and transcriptome sequencing have been used extensively in research settings, in the next 5
years these technologies may see substantially more implementation into routine care due
to their potential for providing a more precise and wider span of information compared to
targeted- or single-gene tests.™ Their adoption across the continuum of care, from diagnosis
to classification to treatment, could change health care in Canada.

Whole genome and exome sequencing offer an important value proposition for rare diseases,
pediatric conditions, and adult conditions that affect different organ systems.* For example,
these technologies may reduce diagnostic delays for treating critically ill infants with unknown
conditions, which could lead to better outcomes in acute care settings.*® Profiling tumours
with these technologies can also help inform diagnoses and identify actionable mutations
(i.e., genetic variants that can be targeted by therapy) for people with rare or unknown
cancers.*'#2 For more prevalent cancers, although there are clinical benefits of omics-based
sequencing, the costs and interoperability reduce the feasibility of using the technology in
routine care. 4% With an increasing number of precision-based therapies targeting specific
mutations, decreasing costs of sequencing, and the continuing growth of studies assessing
implementation in real-world settings, the next 5 years may see omics-based technologies
transform diagnosis and treatment care pathways.24

Should implementation of whole genome, exome, or transcriptome sequencing be further
adopted into routine care, health care decision-makers will need to enhance or grow existing
infrastructures to conduct these tests (including personnel training, equipment, and sample
storage) and analyze test results, which are inherently more complex than results from
traditional assays as they require greater bioinformatics expertise.’? Health systems also
need to consider additional test result-related challenges that may need to be mitigated.
These challenges could include uncertainty about identifying incidental findings that could
affect patients and their families (e.g., potential for overdiagnosis and anxiety about results),
interpreting complex findings, and being aware of limitations in genomic databases that
may affect the relevance of findings due to underrepresentation of certain demographics in
reference genomes.24748

Examples of emerging technologies and initiatives to watch related to omics-based
sequencing include:

e Ultrarapid nanopore genome sequencing® technology aims to speed up whole genome
sequencing processes to deliver results in fewer than 8 hours. Preliminary study findings
suggest the technology could be useful in critical care settings, such as neonatal intensive
care units, where rapid sequencing could provide more timely results, reducing the need for
a cascade of other diagnostic procedures.

The Marathon of Hope Cancer Centres Network® has created interprovincial networks and
is conducting pilot projects across Canada to expand the availability of whole genome and
transcriptome sequencing and its necessary infrastructure to support the implementation
of precision medicine technologies in routine care. Potentially thousands of people with
different cancers who otherwise would not have had access to precision-based therapies
may directly benefit. Continuing to watch the findings and implementation lessons from
the programs will provide useful insights for health systems planning.

The Genome-wide Sequencing Ontario® pilot project, launched in 2021, aims to assess
the clinical performance, cost-effectiveness, and implementation of providing whole
genome or exome sequencing for adults and children with suspected rare genetic
disorders.%2 Findings from the pilot project will help inform infrastructure development for
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the technology and its role as standard of care, as well as provide insight into the policy
implications for its coverage.

Pharmacogenomics Tests for Mental Health Conditions

Pharmacogenomics testing characterizes genes that may influence how drug therapies

are processed by an individual. This type of testing can provide information about suitable
drug targets, interactions between different drugs, and who may be at an increased risk

for side effects.® Unlike some clinical areas, such as oncology, there have been relatively
fewer developments of precision medicine technologies in the field of mental health care.®
However, with more developments in pharmacogenomics, there is a possibility that precision
medicine technologies could lead to significant change over the next 5 years in terms of how
drug-based therapies are prescribed for mental health conditions.*

Estimates indicate that 1.in 5 people® in Canada may have a mental health condition and
mental health care is a priority across jurisdictions. Although drug therapies are only a part of
the treatment approach, in routine care, drug selection is largely based on clinical input and a
sequential “trial and error"~based approach that leads to varied effectiveness.*% People who
are prescribed drug therapies often have to wait to see if a treatment shows benefit and can
experience side effects while doing so. This process of experientially finding a medication that
is both effective at addressing symptoms and does not have side effects that impact quality
of life can be drawn out, leading to prolonged symptoms and negatively affecting patients’
experiences.® As such, there is growing interest in identifying biomarkers that predict
treatment response and help guide a more tailored approach for selecting treatments.

Pharmacogenomics testing technologies are available as home sampling kits or laboratory-
based genetic testing services and assess multiple genes that may be involved with drug
metabolism.>® Commercially available tests often link to clinical decision support tools that
use proprietary algorithms to provide assessments of the suitability of different medications
for depression, psychosis, and attention-deficit/hyperactivity disorder (ADHD), among

other conditions.®® As of yet, clinical adoption of the technology in Canada and across

the globe remains limited due to uncertainties about clinical utility and relevance of test
findings to individuals, among other barriers.%061 Research examining the effectiveness

of pharmacogenomics testing, in particular for guiding the treatment of depression, is
emerging; however, to date, the findings remain mixed, with studies indicating both significant
improvements and no difference in clinical outcomes compared with usual care.®”%862 A
qualitative study reported that people in Canada with lived experiences and health care
professionals are hopeful about the technology but are also awaiting more robust clinical

and economic evidence.®® Nevertheless, pharmacogenomics testing is being offered at some
Canadian health care centres through research programs, and, increasingly, commercial tests
are being offered to individuals to purchase out of pocket or with private insurance.>°

Should emerging research show strong clinical benefit and testing becomes more widely
available over the next 5 years, health care decision-makers will need to develop equitable
approaches for providing access to tests — especially for people who may already face
barriers in accessing mental health services. Given the high prevalence of mental health
conditions, the potential volume of testing could impact laboratory infrastructure capacity and
there may need to be additional training requirements for health care professionals on how to
use results to inform care decisions.
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Examples of emerging technologies include:

* Inagene (Inagene Diagnostics, Canada), GeneSight (Myriad Genetics, US), and IDgenetix
(Castle Biosciences, US) are targeted test services that analyze a swab sample provided
by an individual and send a customized report about the genetic variants they may have.
These variants may affect drug metabolism, interactions, and the efficacy of drugs
used for treating a range of mental health conditions. The customized reports provide
information that could be used by health care professionals to guide decisions about
treatment plans.

e myDNA (myDNA Life, Australia) and MatchMyMeds (DNALabs, Canada) are broader
pharmacogenomics tests that are not specific to mental health conditions, but rather cover
a range of drugs used for many different health conditions, including mental health. These
tests provide drug compatibility reports that may provide recommendations for health care
professionals about drug selection for mental health conditions.

Population-Based Genetic Screening Interventions

Screening aims to detect the early signs of specific health condition or assess the likelihood
of having specific health conditions among people who are otherwise asymptomatic.5

Many screening interventions, including those that use genetic testing, are often limited

to specific subpopulations with certain risk factors based on age, family history, or other
health behavioural or demographic factors. For example, publicly funded genetic testing

for BRCA genes is limited in Canada, with jurisdictions having varying eligibility criteria that
often include having a known family history of mutations associated with an increased risk

of cancer.®® However, using stringent criteria for genetic screening can miss a substantial
proportion of people who may have high-risk mutations.® It is possible that this existing
targeted approach to screening may shift to become more population based. Driven by the
decreasing costs of sequencing, increased availability of testing, and ongoing development of
better analysis algorithmics, screening using genetic testing could see further expansion over
the next 5 years and become more widely available at a population level for people of all ages,
reducing the need for stringent eligibility criteria.®®

Different pilot programs around the world®” are under way to assess the value, feasibility,
and implementation considerations of expanding screening programs by offering genetic
testing.%® If certain tests are made more widely available, they could facilitate the earlier
diagnosis of health conditions, prevent some health-related complications, reduce delays
in getting treatments, and help improve outcomes.® Expanding genetic testing to a greater
number of people may also support efforts to improve the size and diversity of genomic
databases, which would help improve analyses and better inform care.”0”"

Health systems also face several uncertainties related to expanding genetic screening
systems, such as how test results could be used to inform clinical decision-making when
there may be limited evidence about effective treatments, the impact of complex findings
(e.g., identifying hereditary mutations associated with health conditions) for patients and
families, the cost implications of follow-up testing, and determining optimal testing strategies
(e.g., which genes to include and who to test).®®’2 The infrastructure capacity required to
process the volume of testing and the number and expertise of health care professionals
needed to interpret test results will be key considerations for health systems planning.
Assessing the acceptability of testing for diverse populations and equity considerations
related to screening uptake will be needed to inform future policies.®® Screening is a complex
health intervention with potential harms and benefits, and therefore, monitoring findings and
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lessons learned from ongoing pilot studies can help inform decisions about how best to
expand genetic screening in Canada.

Some emerging pilot studies and initiatives to watch include:

e The Screen Project” by Women'’s College Hospital (Toronto, Canada) is national program
that launched in 2017 to offer genetic testing for BRCAT and BRCAZ2 genes to any person
older than 18 years. Testing costs $250 and results are delivered via a digital portal or by
a genetic counsellor. The study aims to assess the feasibility of testing, examine people’s
experiences, and estimate the clinical benefits of possible cancer prevention.”

The Newborn Genomes Programme’® by Genomics England aims to sequence 100,000
genomes of babies born in England starting in 2023. The pilot will screen for 200
actionable health conditions; that is, conditions for which there are existing treatments

or interventions (an increase from the existing screening approach that identifies 9
conditions in the country) to inform the direct care of children.”® Although all jurisdictions
in Canada have newborn screening programs, this specific program uses enhanced
genetic testing and could inform the future of screening with emerging technologies.” The
program also aims to use deidentified data to further develop research about diagnostics
and treatments.”® The pilot has a broader aim to assess the range of benefits, harms,

and implications of genetic screening as participants may choose to be followed over
their lifetime.”®

In Our DNA SC”® by the Medical University of South Carolina (Charleston, US) and Helix”®
(US) is a community health project that aims to enrol 100,000 participants over 4 years

to provide free genetic testing for Tier 1 health conditions (i.e., conditions defined by the
Centers for Disease Control and Prevention as having significant potential for genetic
testing).®° The state-wide study is focused on examining implementation outcomes related
to the participation rates, facilitators, barriers, and sustainability of offering population-wide
genetic testing.®® Another goal of the study is to engage with diverse population groups.

Top Issues About Precision Medicine Technologies
to Watch in 2023

Disparities in the Implementation of Precision Medicine
Technologies

In many health systems, there are disparities in who can access and use existing precision
medicine technologies.’®®' These disparities can result from a reduced ability to access health
care because of costs, availability, geography, and awareness.’*® They are also exacerbated
by systemic racism in health care, which excludes and makes health care inaccessible to
racialized people and Indigenous Peoples. Moreover, some populations have historically

not been included in health research or the databases used to develop precision medicine
technologies.™ As a result, the precision medicine tests developed using these databases

are not necessarily applicable to or interpretable for those who are racialized or otherwise
underrepresented in health research.™

Existing health disparities may become amplified with the further spread and implementation
of precision medicine technologies. For example, inequalities based on geography may
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occur if emerging tests are reimbursed primarily through specialized research centres

with higher levels of research funding, limiting access for people who do not receive care

at those centres. Given the specialized resources required and the challenges faced when
implementing precision medicine in higher-resource settings, there are unique challenges
faced by lower-resource settings, including those with geographically dispersed populations.®?

Health care decision-makers will need to ensure equitable development of and access
to precision medicine technologies and mitigate the potential for precision medicine
technologies to replicate or exacerbate existing health inequalities. Different health care
systems are developing targeted approaches that could be important to watch, such as:

¢ Investing in population-representative databases: To address bias and inequities within
precision medicine technologies, health systems are investing in the collection and
building of representative genomic databases. For example, within Canada, Genome
British Columbia is funding the Silent Genomes Project, which aims to address the lack
of First Nations, Inuit, and Métis genomic representation in cancer genetics databases
for children.® In the US, All of Us, an initiative funded by the National Institutes of
Health Research, is attempting to achieve similar goals by building a database of social,
environmental, and genomic information that is diverse and inclusive of all persons living
in the US .8 Both initiatives involve active community engagement, participation, and
oversight over the projects by the communities they are aiming to serve.

Reducing barriers to access: Pan-Canadian collaboratives such as PRecision Oncology For
Young Peopl E (PROFYLE) by the Terry Fox Research Institute aim to make the technology
that provides molecular profiling of tumours available to children and youth regardless of
where they live. Additional initiatives being explored by health systems include reducing
barriers to access due to geography and cost by developing travel support programs that
enable cross-jurisdictional travel, ensuring that there is public reimbursement for precision
medicine technologies within and between provincial and territorial health systems, and
developing models of care that harness technologies such as at-home testing and virtual
care to facilitate the remote delivery of care 886

Enhancing diversity, inclusivity, and engagement: Increasing diversity in health
professionals through workforce planning and education may help mitigate health
concerns and create more inclusive care.®” Other examples include the codesign (i.e., active
partnering and engagement) of precision medicine health services with equity-deserving
and underrepresented groups, and ongoing data collection related to disparities in access
to and outcomes of precision medicine'88°

Increased Demands on Health System Capacity and Infrastructure
From the Use of Precision Medicine

The emergence of precision medicine will put increased demands on the health care system,
including physical resources, staff, and infrastructure. Physical resources include the freezers,
hospital space, and equipment needed to store and process genetic samples.”® Treatments
for certain cancers and other conditions may require ongoing testing and/or multiple tests
throughout a person’s care, making the need for infrastructure to adequately store samples
increasingly important. Infrastructure changes may include the health system’s capacity

and workflow to conduct and process tests, maintain information databases, and provide
strong information technology support.®® Having the necessary number and expertise of
professionals to perform and analyze results from precision medicine technologies, such

as sequencing tests that may have stringent quality control measures, will be necessary to

CADTH Horizon Scan 2023 Watch List: Top 10 Precision Medicine Technologies and Issues 17


https://www.bcchr.ca/silent-genomes-project
https://allofus.nih.gov/
https://www.profyle.ca/home
https://www.profyle.ca/home

CADTH

adopt certain technologies. These increased demands may affect how precision medicine
is adopted and implemented across Canada and its long-term sustainability.?° It is possible
that with appropriate use, precision medicine technologies may reduce unnecessary care and
improve patient outcomes, and over time result in more efficient and effective health care.*

In addition to meeting increased demands by adding new resources and infrastructure, there
are opportunities to improve capacity for precision medicine through efficiencies. Developing
health system capacity may include increasing the number of trained professionals, but also
having streamlined workflows, and investing in technology-enabled clinical care and new
models of care that deliver genetic-informed patient care.?

Some examples that aim to address health systems’ capacity include:

e Scaling-up and spreading access to genetic testing services: For example,
GenCOUNSEL?? is a collaborative, multidisciplinary project by the BC Children’'s Hospital
Research Institute that emphasizes patient and family engagement and has a number of
initiatives that aim to increase the capacity to provide genetic counselling and services.

It includes developing and implementing decision support tools to assist patients and
providers when they order and interpret genetic test results, and identifying the current and
future needs of genetic counselling services and providers.

* Alternative models of care: In England, the NHS has developed the NHS Genomic
Medicine Service® and is investing in genomic medicine by mainstreaming workforce
training, centralizing laboratories, and codesigning health services with patients and
the public. Models of care that enable a centralized testing infrastructure and establish
workflows? and technology-enabled improved communication and coordination between
health care professionals who order and interpret test results across care locations,
such as e-consult,?*9#% can help build a cohesive and streamlined system.?0%# This will
also require technology to support and encourage clinicians to adopt and use patient
portals and other digital platforms to enable information-sharing between clinics, health
professionals, and patients.*

Evolving Roles and Scopes of Practice for Health Care Professionals

The mainstreaming of precision medicine and genetic testing across health conditions
and health systems may lead to evolving roles and scopes of practice for many health care
professionals. For example, nurses, pharmacists, public health professionals, primary care
physicians, and specialists are increasingly using and tailoring patient care with precision
medicine technologies.?”*° Many health care professionals who have not traditionally

had direct contact with precision medicine are finding themselves adapting to ordering,
interpreting, and/or consulting with patients about genetic tests. With the rapid pace of
innovation within precision medicine technologies, limited formal training in precision
medicine, and lack of clarity in roles, health care professionals report experiencing challenges
in determining who orders tests (and at which point), who interprets the results, and who
helps the patient navigate their treatment journey.’0010"

There is an opportunity to clarify the roles and responsibilities of various health care
professionals in delivering precision medicine to support the efficient and seamless delivery
of services across the continuum of care.’®'% Supporting health care professionals to

use their training and expertise to their optimal potential may lead to establishing new
responsibilities (e.g., test ordering), shifting tasks (e.g., administrative duties), and facilitating
the composition of care teams with the appropriate complement of professionals. Health
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systems may also need to consider alternative remuneration models for different health care
professionals who may be involved at various stages of ordering or assessing test results and
supporting patients and families through their care pathways.®°1%

Examples of opportunities that may address issues relating to roles and scope of
practice include:

* Reviewing workflow and roles and responsibilities in genetic testing: There are
opportunities to revise the roles and scope of practice and to formalize workflows to
ensure efficiency in care delivery. For example, Cancer Care Ontario and Ontario Health's
Enhancing Clinical Cancer Genetic Service Delivery reviewed the provision of genetic
services in Ontario and identified opportunities to shift tasks and responsibilities to ensure
health professionals were able to optimize their expertise and training.®® While the report
focuses on cancer care, it offers potential insight to other health areas and the types of
opportunities that may be beneficial when implementing precision medicine more broadly.

Support and training for health care professionals in precision medicine: Many initiatives
are under way to support health care professionals by offering training in genomic
medicine. These types of activities enable professionals to work at their full scope of
practice and integrate precision medicine into care. For example, the Canadian Nursing

& Genomics initiative is supporting the integration of genomic medicine into nursing
practice by considering the role of nurses and engaging nurses in developing a training
strategy.’® Training initiatives in genomics education for health professionals benefits
from systems-level support; for example, Genome British Columbia’s Genomics Education
for Health Professionals Implementation Framework describes promising options that
include developing centralized clinical guidelines, point-of-care supporting documents, and
professional education that is linked to clinical practice.’

Complexity in Interpreting Test Results

The increase in availability of precision medicine tests across the pathway of care (e.g.,
from screening, to diagnosis, to treatment, to prognosis) raises challenges for health care
professionals when ordering tests and interpreting their results. The clinical significance

of precision medicine test results is not always clear and results are not always actionable
(i.e., directly provide guidance about a certain therapy).'® Many health care professionals
(e.g., primary care practitioners, pharmacists, oncologists) report having limited awareness
and knowledge of how to order and interpret precision medicine test results.”1% They also
describe struggling to contextualize the results along with other phenotypic information,
including the social and environmental determinants of health, in ways that make them
clinically actionable.t'1%1%° The difficulties around genetic test interpretation can be
exacerbated when providing care to people who are underrepresented in health care.®” The
potential for incidental and secondary findings (that is, additional information that may not
be directly related to the reasons testing was undertaking), and their implications for patients
and family members, adds to the complexity of testing.

The challenges of interpreting complex information can affect the extent to which health care
professionals adopt precision medicine technologies and how care is organized to meet the
needs of health care professionals and those accessing health care. Test ordering can be
complicated in health systems where precision medicine is not embedded into the clinical
workflow. For instance, ordering processes can vary across institutions and jurisdictions,
depending on whether the test is publicly funded or reimbursed.®? Moreover, depending

on the pathway of care, the provider ordering the test may not be the same person who
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interprets the test results and who communicates the results and follow-up information to
the person undergoing testing, which adds complexity to the process of interpreting and
delivering results.’”

Furthermore, it is a challenge to develop evidence-based clinical guidelines in an area with
increasingly complex tests. Decision support tools and electronic aids may offer valuable
support to health care providers and, when embedded in electronic health records, these
tools can help streamline decision-making and processes. However, it can be difficult to keep
up with the rapid changes in the availability of testing as well as the tests themselves 0110
Moreover, it is unclear to what extent decision support tools improve clinical decision-
making and patient outcomes.® Models of shared decision-making can help take patients’
perspectives and values into account when deciding to order tests and return results, as
genetic information can involve incidental findings that may also affect family members.'%”

In addition to improving the capacity of health care professionals through broad training
initiatives, further opportunities exist to address complexity in interpreting precision medicine
test results. For instance:

* Building patient-centred models of care: Patient-centred care can address test result
complexity by ensuring that patients’ experiences guide the design of care pathways.
This includes elements such as establishing which care professionals help patients
navigate their testing journey, as well as enabling health care consultations to allow
for the additional time needed to discuss ordering tests and returning results.’”” Other
opportunities include developing models of shared decision-making and tools to help order
and interpret tests that keep pace with technological developments and clinical practice,
and evaluating their impact on patients’ decision-making and outcomes.0”11°

Developing processes related to incidental and secondary result: Ensuring patients
are able to provide their informed consent to receive (or not) incidental or secondary
results and guidance and recommendations to support their return if, for instance, they
are medically actionable.’® This can include identifying processes to triage referrals
and access specialized support through means such as e-consult and telehealth, when
appropriate.

Equity-enhancing training and workforce initiatives: These can include, for instance,
increasing health professional training and education that is dedicated to precision
medicine testing and interpretation and addresses the needs of underserved or racialized
populations,®” as well as developing supports that enable consistent interpretation to
reduce potential inequalities in care.™

Challenges in Regulating and Evaluating Precision Medicine
Technologies

Precision medicine technologies will likely create challenges for existing regulatory pathways
and health technology assessment (HTA) processes and methods.""? Precision medicine
tests, such as whole genome or multigene testing, often fit in a complicated health care
pathway for very specific populations, and tend to be based on trials with small sample
sizes and limited comparative data. This, along with the increasing volume of tests available
and the rapid pace of innovation, makes it difficult to assess their value using traditional

HTA methods and processes.’'?"® Without new and consistent approaches for evaluating
new precision medicine technologies, there may be inequalities in who has access to these
technologies.®
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Companion diagnostics and therapeutics often go through separate regulatory and
reimbursement pathways.®? Some regulatory processes are federal and others, such as
lab-developed diagnostic tests and diagnostic services, have provincial oversight.®? Similarly,
reimbursement is sometimes at the provincial level, but can also be held by the regional
health authority or hospital, depending on the technology and the jurisdiction. These system
fragmentations lead to challenges in the funding and reimbursement of precision medicine
technologies, and new evaluative approaches will be needed to help balance the need for
evaluation and timely access for patients.?

Regulatory and HTA processes and methods are adapting by finding new ways of addressing
uncertainty and heterogeneity and by harnessing the value of real-world evidence to help
inform decision-making.21"4115 Some examples of work in this area to watch include:

* Generating and using real-world evidence: This can include generating and using
real-world evidence through new models of care and health care design. For example, the
Canadian Network for Learning Healthcare Systems and Cost-Effective 'Omics Innovation
(CLEO) is focused on supporting developing frameworks for learning health systems that
enable ongoing evaluations and HTA of precision medicine technologies.?

* Developing new methods for HTA: For example, those who look at the life cycle of a
technology, from research to obsolescence, could allow technologies to be reevaluated
and foster ongoing data collection and frameworks for assessing the evidence.”'? New
approaches to economic evaluation are being developed, including instruments and
approaches that account for value of precision medicine technologies, and the direct and
in-direct costs and benefits of precision medicine technologies that are distributed across
the health care system. 2013

* Exploring new reimbursement and payment models arrangements: Alternative models of
payment, such as outcome-based agreements and related approaches, could allow risks
to be shared and provide opportunities to change purchasing and funding arrangements
based on real-world evidence and ongoing evaluations.?0112116
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Appendix 1: Approach

Project Overview
Advisory Group

An advisory group external to CADTH guided this project. In September 2022, we invited 3 experts to participate as members of

the advisory group; these experts had diverse perspectives and expertise in patient experience and care pathways and the social
and legal issues related to precision medicine, as well as an awareness of emerging technologies and issues facing health care
systems in Canada. The advisory group provided guidance and input in refining the scope of the project, including project definitions,
helping identify and refine items for the short list, reviewing the content of the draft report, and identifying potential participants for
the workshop. Two members of the group also attended the workshop. All members reviewed the criteria and definitions, provided
feedback, refined the items on the short list, and reviewed an earlier version of the final report. All members participated in at least 2
advisory group meetings and were offered an honorarium.

Project Scope and Definitions

We drafted definitions to assist with project scope and clarity and shared the drafts with the advisory group for their feedback; we
revised the definitions to ensure accuracy and relevance to the topic of precision medicine and the purpose of the 2023 Watch List.
Definitions are presented in Table 1.

Table 1: Definitions Used for Project Scope

Term Definition used by project

Precision medicine An approach that uses the unique genomic information (i.e., genes, gene expression, and proteins)
of people to tailor or customize the care they receive, from prevention to diagnosis to treatment to
prognosis.

Precision medicine Health technologies (any medical devices and diagnostic tests, but not technologies defined as

technologies drugs by Health Canada) that detect, characterize, or use the genomic information (i.e., genes, gene

expression, and proteins) of a person to inform and tailor their care, from prevention to diagnosis to
treatment to prognosis.

Health technology Any medical device or diagnostic test; any medical, surgical, or dental procedure; or any other nondrug
clinical intervention. Drugs or technologies defined as drugs by Health Canada (such as most stem
cell products) are not considered for the list. Technologies without direct patient-related outcomes
(e.g., health human resources; heating, ventilation, and air conditioning systems) are excluded.

New and emerging health | Health technologies that are not yet available in Canada or have been available for clinical use for
technologies 1 to 2 years with limited use and are in the launch or early postmarket stage. It may also refer to
technologies available in Canada but with diffusion or availability limited to a few health care facilities
or centres. An existing technology with new indications could also be considered new or emerging.

Issue relating to Broader considerations (e.g., clinical, health systems planning, social, ethical, legal, or regulatory)
precision medicine that crosscut the broader scope of precision medicine technologies and could affect their ongoing
technologies development, adoption, or implementation in Canadian health systems.

Key Steps

The process of developing the 2023 Watch List involved 4 key steps, which are briefly described in Figure 1.
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Figure 1: Key Steps Used to Develop the 2023 Watch List

Identifying items Short listing Workshop Final report
Literature review Selecting top ~20 11-member panel Report developed by
(grey, peer-reviewed, items based on criteria selects the top 10 incorporating findings
industry, and market) and with input from the technologies and from the literature and
and input from the advisory group issues at a half-day workshop discussions
advisory group workshop to describe the
top 10 items

Step 1: Identifying Items for the Short List

The purpose of the 2023 Watch List development process was to identify and describe new and emerging precision medicine
technologies and issues with the potential to have a substantial impact on health care delivery and planning in Canada in the next 5
years. This impact includes significant and meaningful changes in health and human resources, locations and pathways of health
care delivery, patient experiences and outcomes, and health care equity and access. We selected these areas of change because of
their relevance to health care policy and planning, including supporting system readiness to adopt and implement precision medicine
technologies. We chose a time frame of 5 years to identify precision medicine technologies that were further along the research
phase or have the potential to see greater adoption in Canada or similar health care contexts. This time period was intended to limit
technologies that are in their early development phase, where their potential value proposition remains largely uncertain, or they are not
likely to see substantial adoption outside of limited research settings. Similarly, the 5-year time period for identifying issues provides
an opportunity for health care decision-makers to make changes that can guide health systems planning at various levels of health
care delivery.

For clarity, we defined “significant and meaningful change” as that which would require the addition of substantial or new types of
resources, policies, and procedures, as well as reorganization or transformations in health systems, to successfully adopt, implement,
or diffuse technologies.

We identified these domains using information from other CADTH products and processes, the INAHTA position statement on
disruptive technologies,"” CADTH's Strategic Plan,"® and CADTH customer needs. We identified relevant and common criteria across
these documents to build domains with prompts and key items that included health system, health care facility, and patient-level issues.
We circulated and discussed these draft criteria with the advisory group, which provided input that enabled additional refinement. The
final domains and considerations used to select the technologies and issues for the 2023 Watch List are presented in Table 2.

Table 2: Criteria for Selecting Items for the Short List

Domains Area of significant and meaningful change

Health care delivery and organization * The pathway of care or treatment
* The location or site of care (e.g., point of care, virtual care)

Health and human resources * The need for more, or less, staffing
* The need for new roles or positions
* The ability to use staff of a different level of training or qualifications

* The need for ancillary equipment (e.g., imaging, specimen storage), additional
facilities, data storage, and information technology infrastructure
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Domains Area of significant and meaningful change

Patients’ outcomes and experiences e Patients’ experiences related to the pathway of care or site or location of care (e.g.,
less need to travel to specialists, care closer to home)

* Addressing an unmet need (e.g., rare diseases, patient populations of those who
currently have no or limited treatment options)

* Patient outcomes (e.g., clinical benefits, harms, safety)

* How patients are cared for (e.g., less invasive, quicker recovery), less burden on
informal caregivers (e.g., through greater independence)

Health equity and access *Who and where people can access care (access includes accessibility, availability,
and acceptability)

* Ability for the technology (and ancillary services or care) to be dispersed
(geographically) across health care systems

* Whether the technology addresses or furthers health inequities

CADTH priority themes * Whether the technology addresses 1 of CADTH's priority themes: virtual care, digital
health, mental health, COVID-19, health system recovery, care for older adults,
long-term care, care in the community, pediatric care

We used the criteria in Table 2 to identify items from the literature review and select items for the draft short list by asking:

* Does the technology (either as a discrete technology or as a category or type of technology) have a value proposition (i.e., what it is
intended to do, what its proposed benefits are) that is anticipated or positioned to make a significant or meaningful change in 1 or
more of the criteria in Table 2?

* |s the issue anticipated or positioned to make a significant or meaningful change in 1 or more of the criteria in Table 2 and/or does it
affect the ability for the value proposition of precision medicine to be realized by patients, clinicians, or health systems?

To identify and add a technology to the draft short list, the author team reviewed information sources (e.g., from market news, blogs,
websites, start-ups, venture capitalists), published research, editorials, commentaries, and grey literature. We used the criteria in Table 2
to screen the information sources for eligible and relevant technologies and issues. We compiled information on potential issues and
technologies electronically and included the name and a basic description of the technology or issue; its benefit or consequences to
patients, clinicians, health systems, and payers; and the criteria for its inclusion. We drafted the extraction table a priori based on the
selection criteria, piloted it between 3 authors, and revised the items for consistency and clarity. We met regularly to discuss findings,
identify issues and trends in our observations, and note areas of consistency and discrepancies.

Step 2: Short Listing Items for the 2023 Watch List

Once there were approximately 20 items, we individually reviewed the full list of identified items by reflecting on the project scope,
definitions, and selection criteria. We discussed the items further to refine definitions of items, and the collapsing, separation, and
removal of some items. We shared the draft short list with the advisory group for validation and assessed their credibility (i.e., member
checking). Based on the written and oral input of the advisory group, we added, removed, and modified items on the draft short list to
create the final short list for step 3. The final short list included 9 technologies (Appendix 2 presents the items on the short list that were
not selected for the final list) and 11 issues (Appendix 3 presents the items on the short list that were not selected for the final list).

Step 3: Workshop to Select the Top 10 Technologies and Issues for the 2023 Watch List

We used the process of the JLA Priority Setting Partnerships to guide the workshop and select the top 10 items for the 2023 Watch
List. The JLA's principles align with CADTH's priorities of equal involvement and inclusivity (e.g., balanced representation from
patients, clinicians, and other CADTH stakeholders), transparency (e.g., visible audit trail of submitted technologies and trends), and a
commitment to using and contributing to the evidence base (e.g., using technologies and trends to inform future CADTH products).
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Identifying and Recruiting Workshop Participants

We identified potential workshop participants through project scoping, the literature review, CADTH networks, and the advisory
group’s recommendations. We invited individuals from a range of geographical settings (i.e., jurisdictions in Canada), and those who
had a variety of professional experiences and expertise, such as clinicians and health care providers, patients and carers with lived
experiences of precision medicine, funders, payers, health systems decision-makers, and industry representatives. At least T member
with each type of expertise was invited to participate in the workshop, acknowledging that participants often represented more than 1
category (e.g., academia and clinical). CADTH recognizes the importance of diversity, equity, and inclusion, and the composition of the
expert panel took these considerations into account. An invitation was sent to potential participants that described the purpose of the
workshop and their role, and recruitment continued until 11 participants were confirmed for the half-day workshop.

The Half-Day Workshop to Select the Top 10 Technologies and Issues

Before the workshop, we provided participants with a workshop guide, the 20-item short list with summaries about each technology
and issue, and a participant worksheet. Before attending the workshop, participants were asked to individually review and rank the
technologies and issues on the short list using the participant worksheet.

The half-day workshop took place virtually on December 12, 2022. It brought together 11 external experts to identify and prioritize the
top 10 items from the 20-item short list. Two CADTH team members, including 1 person who is an advisor with the JLA, facilitated the
workshop sessions. The facilitators confirmed that all participants were actively included in the discussion, ensuring that JLA's principle
of equal involvement was upheld. Additionally, 5 CADTH team members participated to provide support or take notes.

The workshop had 2 parts: In the first part, participants were split into 2 smaller groups and people shared their perspectives and
individual rankings of the items in depth. In the second part, a group session was held with all participants, who worked together
through a facilitated discussion, to order the items and select the top 5 technologies and top 5 issues. We chose to select 5
technologies and 5 issues, for total of 10, for consistency in process and ease in communication. These 10 items were not ranked and
formed the 2023 Watch List.

Step 4: Preparing the Final Report

We prepared a draft of the final report that described each of the top 10 technologies and issues, their impact on health systems, and
examples of the technologies or developments on the issue. The descriptions and examples provided in the report were created using
the published literature identified during short listing, additional targeted internet searches, and information described or raised during
the workshop. A draft version of the report was shared with the advisory group and was revised based on members’ input.
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Appendix 2: Short List of Technologies Not Included in the Final

2023 Watch List

Table 3: Short List of Technologies Not Included in the 2023 Watch List

Technology (category or
intervention)

Liquid biopsy for screening
and early detection of cancer

Description

Sequencing technologies that detect mutations or epigenetic markers of cancer from liquid
biopsy—based samples (most commonly blood).

Use next-generation sequencing and artificial intelligence to detect early signals of cancer in
people who are otherwise asymptomatic.

Liquid biopsy for diagnosing
infectious diseases

Blood- or fluid-based next-generation sequencing technologies that can assess blood-borne
pathogens, pulmonary infections, complex pneumonia, and urinary tract infections using
genomics.

Direct-to-consumer or at-home
genetic testing technologies

Genetic tests delivered directly to consumers (purchased out of pocket by consumers or
with private insurance) can provide information about a person’s family history, carrier
status, potentially predictive risk factors, and certain pharmacogenomics reports (e.g., drug
metabolism).

Tests are largely intended to inform future health, using risk prediction.

Single cell RNA or DNA
sequencing technologies

Sequencing (gene or gene expression) of a single or a limited number of cells from a tissue
could inform the diagnosis and treatment of reproductive, digestive, neurological, and
immunological health conditions.

Currently, the technology is being developed to monitor cancer and its treatment response.
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Appendix 3: Short List of Issues Not Included in the Final 2023 Watch List

Table 4: Short List of Issues Not Included in the 2023 Watch List

Issue Description

Biases in biobanks

Biobanks do not represent all people and are biased, underrepresenting people from racialized or
other population groups historically underrepresented in health research.

These biobanks form the basis of algorithms and technologies used to inform care with precision
medicine.

The need for big data

The development of precision medicine requires big data (i.e., huge volumes of data).

Big data can come from new datasets (e.g., large, longitudinal cohorts) and/or by accessing and
amalgamating existing data (e.g., electronic health records and addressing the interoperability of
diverse databases).

The uses of artificial
intelligence in precision
medicine

Artificial intelligence is increasingly used to advance the development of precision medicine
technologies.

The use of artificial intelligence magnifies some existing issues within precision medicine. For
example, the use of big data that are biased and will replicate biases, and concerns about data
security and privacy.

The complexity of risk
prediction and biomarker
identification

There is uncertainty and challenges with the measurement and validation of biomarkers. With
more testing being offered and made available to people, there are challenges in characterizing the
meaningfulness and actionability of different mutations and biomarkers.

For example: What is the associated risk of health conditions due to mutations in single or multiple
genes? What factors influence that risk?

Existing frameworks of assessing biomarkers may not be sufficient to inform care.

The potential risks and
harms of precision medicine
for patients and their
families

Precision medicine tests can provide information that might not be actionable at the moment. A
greater number of people who are otherwise healthy and asymptomatic may be categorized as “at
risk” — in particular, from tests that aim to inform future health or provide screening.

These results may introduce risks of psychological harm and uncertainty about whether or not
information may become actionable in the future. Patients could be given information that affects
their biological relatives.

Paying out of pocket for
precision medicine

Given the limited reimbursement of precision medicine technologies by public health care, patients
may only be able to access some forms of precision medicine through out-of-pocket payment or
private insurance.
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