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Background
Precision medicine (PM) is a form of personalized medicine that recognizes that individuals
with the same condition may have different underlying factors and uses molecular
information to provide tailored treatments. This approach can improve treatment
outcomes and transform lives through favorable risk/benefit ratios, avoidance of ineffective
interventions, and possible cost savings, as evidenced in the field of lung cancer and other
oncology/therapeutic settings, including cardiac disease, diabetes, and rare diseases.
However, the potential benefits of PM have yet to be fully realized.

Discussion
There are many barriers to the implementation of PM in clinical practice, including
fragmentation of the PM landscape, siloed approaches to address shared challenges,
unwarranted variation in availability and access to PM, lack of standardization, and limited
understanding of patients' experience and needs throughout the PM pathway. We believe
that a diverse, intersectoral multistakeholder collaboration, with three main pillars of
activity: generation of data to demonstrate the benefit of PM, education to support
informed decision-making, and addressing barriers across the patient pathway, is
necessary to reach the shared goal of making PM an accessible and sustainable reality.
Besides healthcare providers, researchers, policymakers/regulators/payers, and industry
representatives, patients in particular must be equal partners and should be central to the
PM approach―from early research through to clinical trials and approval of new
treatments―to ensure it represents their entire experience and identifies barriers,
solutions, and opportunities at the point of delivery.

Conclusion
We propose a practical and iterative roadmap to advance PM and call for all stakeholders
across the healthcare system to employ a collaborative, cocreated, patient-centered
methodology to close gaps and fully realize the potential of PM.

The potential of precision medicine (PM) approaches to transform patients' lives has
been demonstrated in the cancer setting, but also has benefits in therapeutic areas
beyond oncology.

Barriers to PM implementation include fragmentation of the PM landscape, siloed
approaches, variation in availability and access to PM, lack of standardization, and
limited understanding of the patient experience and needs throughout the PM
pathway.

Collaboration between different PM stakeholders, including patient communities, is
essential to realize the potential of PM and make it an accessible reality for all those
who could benefit.

1 INTRODUCTION
The term “personalized medicine” has a broad definition that incorporates many factors; in
general, it refers to treatment that is tailored to an individual's characteristics taking the
approach that patients even with the same disease can have different underlying factors.
Precision medicine (PM) is a type of personalized medicine that aims to achieve improved
outcomes by providing more effective treatments and interventions based on molecular
information (genomic, transcriptomic, proteomic, and metabolomic) that can help determine
molecular drivers of disease in each patient (PM; https://efpia.eu).  PM approaches can
potentially deliver several benefits for patients and healthcare systems, such as improved
treatment efficacy by reducing trial and error prescribing and ineffective interventions, leading
to a favorable risk/benefit ratio; reducing the occurrence and magnitude of adverse drug
reactions; reducing high-risk invasive procedures; and increasing treatment adherence.
This ultimately drives a shift toward patient-centered care and leads to possible healthcare
cost savings.

Proof of concept for the potential of PM is best demonstrated in oncology, where there has
been unquestionable improvement in outcomes following targeted therapies for people (who
have access to testing and appropriate treatments) with nonsmall cell lung cancer whose
tumors harbor targetable mutations.  Therefore, we focus primarily on oncology as an
example to demonstrate the challenges around PM. The application of molecularly driven PM
has expanded beyond lung cancer, with first examples in hard-to-treat cancers such as
cholangiocarcinoma or genomically defined subtypes of solid (e.g., prostate, breast) and
hematological (e.g., chronic myeloid leukemia) cancers.  This demonstrates that PM can
transform lives by helping to provide a better quality of life, as well as more efficient and safer
treatments. With the integration of advanced technologies, including artificial intelligence,
machine learning, and micro/nanorobots, PM will increase in both scope and precision
capabilities to evolve into the standard of care in more diverse cancers.  However, the
scope and potential benefits of PM have not yet been fully realized. Here, we outline the
rationale for an approach to PM that brings together all stakeholders across the healthcare
system to encourage a collaborative, cocreated, patient-centered methodology. It is our belief
that this is the only way that PM will become an accessible and sustainable reality for everyone
who could benefit from it.
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Figure 1 Open in !gure viewer PowerPoint

Schematic of a patient pathway in lung cancer outlining the barriers to implementing diagnostic biomarker

testing at each stage of the pathway for the different stakeholder groups: HCPs, patients, diagnostic labs, and

payers. COVID-19, coronavirus disease 2019; HCP, healthcare professional.
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A diagram to illustrate the diversity of 60 precision medicine initiatives across the globe, categorized according

to Policy, Research, Data sharing, Education, and Other.

2 WHY IS A NEW APPROACH TO PM NEEDED?
Challenges and barriers to the implementation of PM in cancer clinical practice exist across the
continuum of the patient pathway and different stakeholder groups (Figure 1).  In
reality, the time for cancer clinical practice to evolve toward PM has passed; PM is already
embedded and driving diagnosis and treatment across multiple disease areas. In cardiac
disease, the discovery of gene mutations related to high cholesterol led to targeted
therapeutics, a move that has been dubbed a “paradigm shift” in cholesterol treatment.  The
Multinational Precision Medicine in Diabetes Initiative, formed to advance the application of
PM into the “phenotype known as diabetes,” will build upon the new diagnostic and
therapeutic pathways identified for single-gene variants as well as complex type 2 diabetes.
Similarly, the Alzheimer Precision Medicine Initiative is coordinating the “conceptual shift from
ineffective treatments for biologically heterogeneous 'population averages' to individually
tailored biomarker-guided targeted therapies.”  In rare diseases (e.g., inborn errors of
metabolism, cystic fibrosis, spinal muscular atrophy, hemophilia), the ability to identify highly
specific genomic variants is creating a “paradigm shift” by matching individuals to targeted
therapies and therapeutic combinations.  Despite these advances, there is little coherence
among PM initiatives; consequently, each challenge is likely to be addressed by several people
and organizations across various regions and conditions, all with potentially different
priorities. It is possible for organizations to work together, however. For example, patient
organizations such as LUNGevity in the United States  and Lung Cancer Europe (LuCE)  run
initiatives that include education, research, and support for people impacted by lung cancer.
Patient-led oncogene groups are also active in providing education as well as promoting and
funding specific oncogene-driven research.  Such groups have similar aims, challenges, and
solutions, which means they can work collaboratively, thereby synergizing efforts for
maximum impact.

Challenges to PM can only be overcome with solution-driven, innovative thinking and through
balanced cocreation and collaboration among all healthcare system stakeholders, including
healthcare providers (HCPs), researchers, policymakers/regulators/payers, and industry
representatives, and importantly, patient communities. All parties must come together,
irrespective of disease type, to ensure a strong patient voice in existing and fledgling
initiatives. This requires more education and awareness of PM within patient communities. It is
also critical that the patient voice is present from the outset, that patients champion and help
to advance the PM agenda, and that they have the necessary tools and resources. PM has
been advanced by patient involvement, for example, through organizations such as the
Genetic Alliance in the United States and United Kingdom : increasing patient experience
and skill sets will ensure better representation of the patient voice in current and future PM
efforts.

The PM landscape is constantly and rapidly evolving.  Even over the past 2 years, the
landscape has changed dramatically, with several important initiatives being introduced (e.g.,
Europe's Beating Cancer Plan,  EU Mission: Cancer,  No One Missed, by the US LUNGevity
organization,  and Initiatives in Lung Cancer Care ). In addition, the US Cancer Moonshot
was relaunched in February 2022, and this could be a driver for funding and innovation in PM.
These initiatives bring opportunities for innovative new treatments, but this is only achievable
within a healthcare system and governance structure that collectively have the agility to
promote and adopt new developments; for example, the agility to develop multistakeholder,
public sector, and private sector collaborations to deliver solutions.  Such collaborations
can be termed an “intersectoral multistakeholder approach,” because stakeholders from
different sectors need to work together to integrate their strategies around PM. Efforts to
provide PM across different stakeholder groups and regions highlight a shared awareness of
its potential value (Figure 2).  We see this as a positive development that underscores the
urgency to adapt our collective approach to PM.

Rapid increase in PM developments has led to a highly fragmented PM landscape, including
ideas, goals, and issues to be solved, and this is multiplied by each stakeholder type. This can
have unwarranted consequences for different stakeholder groups, including patients, whose
care and outcomes can be affected (Box 1). In addition, access to PM is country dependent,
with high variation in its availability (even within countries). The result is that individuals can
have wildly different experiences of PM (Box 2). Fragmentation also means that attempts to
expand PM are vertically siloed by scope or focus area, or by geography or disease type,
meaning they are disconnected. This will continue without overarching leadership to bring
these disparate―but complementary―efforts together.

Box 1. The consequences of fragmentation: A patient perspective

Box 2. Patient experience of precision medicine is variable

Identifying and sharing best practices is key to achieving good outcomes. For example,
providing genetic counselling (e.g., in a germline setting) and dedicated counsellors can help
individuals understand and digest test results and their potential impact, and support shared
decision-making.  However, fragmentation in PM makes it difficult to identify and share best
practices, and there is little standardization across the PM pathway at national, international,
and global levels. It is only by examining all these pieces and forging a logical, coordinated
path that we can make sustainable changes to the healthcare system and stakeholder
behaviors that will drive improved outcomes.

There is a need to better understand patients' experiences by gaining insight into what they
feel, do, and need throughout the care pathway. This is particularly so for vulnerable
individuals, for example, children, who require the involvement of a caregiver. There is limited
understanding that patients' experiences encompass not only their symptoms and diagnosis,
but also the frustrations, fears, anxieties, and preferences they have, and actions they take. We
have discussed how important it is that the patient (or patient-advocate) voice is fully
represented in PM. We believe that PM can only succeed through true patient-centric care and
patient support programs, and that shared decision-making and implementation of shared
decision-making tools are key. The value of a patient-centered approach has been
demonstrated by patient-led groups successful in shaping and funding their own research
agenda, by working directly with scientists, pharmaceutical and biotech companies, and other
parties, to address unmet patient priorities.

Taken together, the challenges for PM mean that many patients do not benefit from optimal
treatment, and there is a health, societal, and economic impact. Today's healthcare system is
not geared toward the development and uptake of innovative medical interventions at scale; it
is also failing to deliver the right care to many people.
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With advances in research, we now understand some of the oncogene driver mutations and other

alterations that occur in lung cancer. The development of therapies targeting these modifications

has had a big impact within the community. However, many people who would benefit from PM

approaches are not benefiting. The fragmented nature of the delivery of PM in lung cancer can lead

to very different outcomes: it can mean the difference between life and death, and between poor

and good quality of life.

Examples of the consequences of fragmentation:

People whose tumors should have undergone testing, have not due to lack of testing availability, resulting in

poorer outcomes due to substandard treatment options.

People who have experienced a poor initial prognosis have had their outcome change significantly due to the

identification of a targetable alteration and access to appropriate therapy.

Testing is available but not the drug (and vice versa), resulting in poorer outcomes due to substandard

treatment options.

Poor communication of results so that people cannot reach out to appropriate oncogene-driven communities

for support.

Pressure being placed on patients having to know everything―which adds to stress rather than a need for

awareness being stressed for both patients and HCPs.

Pressure being placed on patients to take treatment quickly (as most are diagnosed with stage IV lung cancer)

can be exacerbated by the long turnaround time for test results, and can impact future trial enrollment and

access to targeted drugs (as some may be available only in a certain line setting).

Example: Variation in experience captured through a focus group of patients with cholangiocarcinoma

diagnosed with gene mutation FGFR2 fusions, for which there is a targeted therapy.

One woman, whose clinician had been part of the clinical trials, was screened and offered the

targeted therapy as a first treatment option rather than the third-line indication, sparing her surgery

and chemotherapy. Another woman was forced to change physicians when hers refused to do the

genomic testing, even when all previous interventions had failed; she did have the mutation and

received the therapy but said she felt she had lost months of her life and quality of life. A third

woman had started the targeted therapy but was afraid of having too much hope―precision

medicine is not a cure.
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3 HOW CAN PM EVOLVE TO DELIVER BETTER PATIENT
OUTCOMES?
We believe that balanced inclusion and collaboration between different stakeholders in PM,
including patient communities, is necessary to reach the shared goal of making PM a reality for
all those who could benefit from it. This requires increased awareness and education for
patients/advocates and clinicians. It also needs a noncompetitive forum that connects all
stakeholders (patients, patient organizations or advocates and caregivers, policymakers,
regulators, healthcare professionals, pharmaceutical and diagnostics industries, health
technology agencies) and builds positive momentum to make the shared goal of PM the
priority. Patients must be equal partners and central to the PM approach―from early research
through to clinical trials, approval of new treatments, and access to care―to ensure it
represents their experiences and identifies barriers, solutions, and opportunities at the point
of delivery. This approach ensures that outputs address unmet needs, have a real-world
impact on the functional implementation of PM, and fosters a holistic view of PM with an
emphasis on making the whole PM ecosystem work at each point along the care pathway.
Given the variable status and availability/access to PM globally, and that PM is not appropriate
for all diseases, it is also important to manage patient expectations of what is achievable and
to not overpromise and underdeliver.

Collaboration is most needed across three pillars of activity: (1) data and evidence
development to demonstrate the benefits of PM on patient-relevant outcomes; (2) education
and tools for patients, clinicians, and other stakeholders to support informed decision-making
and ultimately improve outcomes; and (3) addressing access barriers across the patient
pathway to make PM an accessible reality for more people. These efforts would be supported
by creating an international, intersectoral multistakeholder network to work on improved,
sustainable solutions. While patient organizations and healthcare professionals acknowledge
that PM could improve diagnostic efficiency and efficacious treatment, they express concerns
over data privacy and potential misuse, ethics of prevention, access equity, and evidence of
diagnostic accuracy and improved clinical outcomes with risks of overpromising and
underperforming.

A report outlining a framework to improve health technology assessment approaches to PM in
oncology has highlighted the evolving landscape and the shift from conventional, large,
randomized controlled trials toward basket trials and complex clinical trials. These types of
trials and innovative ways of assessing PM may impact clinicians' confidence in PM approaches
and their “belief” in the evidence for benefits of PM; this could make clinicians cautious of
implementing PM approaches.  Unless clinician doubts are addressed and robust evidence is
generated, adoption/availability of PM will be inadequate. Therefore, the knowledge gap
between available data and clinicians' awareness/understanding of the data must be closed. It
is important to acknowledge that many clinicians lack training in genomics or PM and will
therefore be hesitant to adopt unfamiliar care approaches. One way to address this is by
identifying training needs and collating and signposting to the existing resources providing
practical guidance on the application of PM (in eligible patients), such as European Society for
Medical Oncology recommendations for the use of next-generation sequencing in metastatic
cancer,  the National Comprehensive Cancer Network Biomarkers Compendium, which aims
to support decision-making on biomarker testing in people with cancer,  PM educational
resources for healthcare professionals developed by the US Association of Community Cancer
Centers (ACCC),  and the ACCC's process improvement toolkit for biomarker testing.  This
training should also reflect insights from the patient's perspective, for example, on risk/benefit
considerations, which can often be very different from the clinician's viewpoint. The ongoing
COVID-19 pandemic has demonstrated that innovation can drive rapid improvements and
developments through collaboration. This “shared-goal” approach could be applied to the PM
agenda, incorporating the patient voice to understand what risks are acceptable and aligning
the pace of change accordingly. Building a networked community of PM stakeholders would
provide support and facilitate the implementation of PM. Application of existing PM guidelines
with increased use of PM, and robust documentation of that use, will further build the
evidence base for PM approaches.

We propose that contributors from all stakeholder groups should be involved in cocreating
solutions to address issues within the three pillars of activity (education, evidence, and access),
and a community of practice should be established with a common commitment to share
learnings and establish best practices. This should be done in an environment that enables
balanced input and decision-making across stakeholder groups, fosters trust, and facilitates
open collaboration so that impact is achieved rapidly.
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Figure 3 Open in !gure viewer PowerPoint

A diagram outlining a practical and iterative approach for precision medicine advancement in terms of output

and ongoing activities, at the health system and healthcare delivery level. This begins with mapping the existing

PM landscape and identifying unmet needs and priorities, to determine opportunities across geographic

locations and conditions. Cocreation approaches will then be adopted to identify good practice and learning,

followed by testing/piloting outputs to gather insights and accelerate uptake, leading to integrated and

optimized global resources to accelerate PM. FT3, From Testing to Targeted Treatments; HCP, healthcare

professional; PM, precision medicine; PO, patient organization.

4 A PRACTICAL ROADMAP FOR PM ADVANCEMENT
International coalitions provide a model for achieving intersectoral, multistakeholder synergy
in PM. For example, Patient Focused Medicines Development (PFMD) was established in 2015
to embed meaningful patient engagement throughout the continuum of drug development.
PFMD cocreated a meta-framework for patient engagement by mapping and connecting the
fragmented landscape, and by learning from/building on best practices to develop guidance,
tools, and resources for implementation of meaningful patient engagement.  This rational,
stepwise approach can be translated to PM.

From Testing to Targeted Treatments (FT3), established in 2020, was created out of common
experiences of success and frustration, but also a shared commitment to make PM the norm,
rather than the exception. FT3 is a global, open, collaborative program with a collective goal to
make PM a reality for all those who could benefit from it. FT3 unites diverse stakeholders
including patients to identify synergies across disparate but complementary efforts, bringing
them together to act as an incubator and accelerator for PM, starting with cancer and
biomarker testing.

FT3 proposes a practical and iterative approach to advance PM at the health system level and
healthcare delivery level. This begins with mapping the existing PM landscape and identifying
common needs, gaps, priorities, and opportunities across geographic locations and conditions
(Figure 3). Bringing together the broader ecosystem of individuals, initiatives, and
organizations working in PM, and using examples and case studies to gain insights, will enable
the identification and adoption of best practice approaches, thereby reducing duplication.
Insights will also be captured from emerging models and “intermediate practice” that
represent stepping stones along the PM journey: this pragmatic approach reflects global
differences in PM “maturity” and acknowledges what is achievable in different situations. The
initial aim of connecting and mapping the diverse PM landscape will require all stakeholders to
share initiatives, experiences, and best practices. FT3 has developed The Global Precision
Medicine Map and Network  to support the universal sharing of PM efforts (irrespective of
scale or focus) and the discovery of active organizations, people, initiatives, and resources
across the PM landscape. As of January 2023, over 773 organizations and 1062 resources have
joined the map and network.

Where practices that have led to desired outcomes are lacking, FT3 is cocreating new solutions
and driving efforts to fill the gaps, building on existing insights. The aim is to create an
accessible repository of global tools and resources, covering the entire PM pathway, to build
momentum for sustainably improving patient access to PM. These integrated and optimized
tools can be customized to different disease contexts and applied across similar and/or
appropriate healthcare systems, first through piloting and then sharing insights from pilots to
scale up. A community of PM champions and early adopters (e.g., patient organizations,
healthcare professional communities, and other healthcare system stakeholders) would
support the development and dissemination of these resources. Although tools should be
adapted to specific geographic locations and diseases, the underlying understanding of access
barriers, methodologies, learnings, best practices, and solutions can be shared globally and
across diseases.
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5 A CALL TO ACTION FOR HEALTHCARE STAKEHOLDERS
PM provides an opportunity to transform lives. However, today's healthcare systems are not
geared toward the development and uptake of innovative medical interventions at scale. This
is due to many well-documented challenges, none of which can be overcome without balanced
cocreation and collaboration involving all stakeholders. We need to understand the
transformation required across stakeholder groups and collectively act to change the
healthcare system if PM is to become a reality. For example, patient groups understand the
opportunities PM can offer, and they can be educators/advocates for change, raising
awareness of PM-driven approaches. In lung cancer, for example, evidence shows (and
guidelines recommend) that biomarker testing is needed ; therefore, this should be built
into the care pathway as standard. Here, stakeholders who are policymakers
and decisionmakers should ensure that funding is available, while healthcare professionals
should argue for the importance of biomarker testing and why it should be
covered/reimbursed by healthcare systems. Governmental and institutional research ethics
committees play an important role in approving clinical trials in PM, and they should consider
the added value of innovative trials in therapeutic areas where approved treatments are
lacking. Finally, to change mindsets and to fully embed PM in future treatment pathways, it will
be important to integrate PM within the medical curriculum globally, to enable early
preparation of future HCPs.

The rapid changes in the PM landscape underscore the need for a dynamic approach so that
changes can be made quickly within healthcare delivery, to ensure those who can benefit from
existing (and rapidly emerging) approaches are able to derive benefit. Guidelines consider data
and evidence that are available during guideline development. Given the fast-changing
landscape, guidelines should also consider emerging strategies (e.g., being assessed in clinical
trials) and not only approved medications, so that when new agents become available,
guidance is not far behind. PM approaches are often seen as a “luxury” and outside of
conventional treatments, but it is no longer a new concept and should be an accepted
diagnostic/treatment option where appropriate and available. It is also important to
acknowledge that PM is not currently an accessible reality for the majority.  To enable
patient-centric care and sustainably improve patient experiences and outcomes, the patient
community must be closely involved in making decisions and designing solutions. A joined-up
and stepwise approach to delivering PM can be achieved through improving education and
awareness for patients and healthcare professionals, conducting biomarker-driven trials, and
implementing tumor testing as standard with corresponding drugs and other needed support
available. By working together, we will make PM an accessible reality for everyone who could
benefit from it.
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6 CONCLUSIONS
Shared opportunities to advance PM can only be achieved through multistakeholder and
intersectoral collaboration, working with patients to implement accessible and sustainable PM
approaches. We propose a practical roadmap for PM that begins with uniting diverse
stakeholders to connect the fragmented PM landscape and to amplify and augment existing
best practices. Cocreation efforts would focus on closing gaps where practices are lacking and
developing a user-friendly, translatable suite of resources to support the delivery of PM
approaches that can transform lives.
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