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Abstract

Introduction: Over the last decade, the emergence and
spread of personalized medicine (PM) have defined a
substantial revolution in healthcare. In principle, healthcare
system sustainability is challenged by the investments
required for research and development, as well as the
adoption of PM techniques in routine clinical care. The
“Integrating China in the International Consortium for
Personalized Medicine” (IC2PerMed) EU-funded project
aims to integrate China into the “International Consortium
for Personalized Medicine” (ICPerMed). IC2PerMed aims to
align the EU and China’s research agendas in this field to
enable a swift development of approaches in the EU and
China with strong leverage upon EU-Chinese collabora-
tions. Methods: Within this project, we first mapped rel-
evant policies on PM in both the EU and China, and then we
involved European and Chinese experts in PM in work-

shops and Delphi surveys in order to identify relevant
priorities for the implementation of PM in sustainable
healthcare. Results: As a result of this process, we identified
nine overarching priorities, each addressing specific as-
pects of the sustainability of healthcare systems and PM
implementation, with the main goal of supporting poli-
cymakers in integrating PM approaches in the EU and
China. Discussion/conclusion: The implementation of PM
in health systems is appealing in terms of improved ac-
curacy in diagnostics, treatment, and prevention of disease,
as well as reduction of the side effects resulting from in-
efficient use of drugs. Research, development, and im-
plementation of needed techniques require time and re-
sources that can slow the adoption of PM in healthcare
systems. The nine priorities we identified address some of
the most critical points, trying to lay the foundations for a

comprehensive approach. © 2023 The Author(s).
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Introduction

Personalized medicine (PM) is defined as “a medical
model using characterization of individuals’ phenotypes
and genotypes (e.g., molecular profiling, medical imaging,
lifestyle data) for tailoring the right therapeutic strategy for
the right person at the right time, and/or to determine the
predisposition to disease and/or to deliver timely and
targeted prevention” [1]. Despite its appealing prospects
and increasing applications in healthcare [2], the im-
plementation of PM faces numerous barriers that slow its
adoption, not least the management of the innovative but
often expensive techniques in the context of healthcare
systems’ sustainability [3]. PM techniques are increasingly
contributing to evidence-based medicine in the decision-
making process of disposition of health system resources
[4]. Targeted therapies and companion diagnostics can
improve the effectiveness and reduce the harms and costs of
treating patients who do not respond to or are adversely
affected by therapy by better selecting patients and treat-
ments. In doing so, targeted therapies are expected to save
costs and resources, working toward healthcare sustain-
ability [5]. However, concerns about the cost of im-
plementing PM tools have been raised. For instance,
identifying markers or genetic variations does not guarantee
susceptibility to targeted therapies, with the risk that in-
vestments in this sense do not translate into relevant health
outcomes [6]. In addition, the risk related to implementing
tools that increasingly stratify the population targeted for
health interventions is that, at some point, the PM tech-
nology’s population of interest will not be large enough for
the intervention to be cost-effective for the investment [7].

As defined by the World Health Organization (WHO),
a sustainable healthcare system is a system that “im-
proves, maintains, or restores health while minimizing
negative impacts on the environment and leveraging
opportunities to restore and enhance it, to the benefit of
the health and well-being of current and future genera-
tions” [8]. When defining an intervention’s value, it
should be kept in mind that value in healthcare is
measured as the improvement in a person’s health out-
comes for the cost of its achievement [9]. Ensuring that
implemented interventions are value-based is crucial for
healthcare sustainability, properly addressing available
resources where they can make the highest impact on
health needs.

Because of the complexity of tailoring diagnostics and
therapeutics to everyone’s needs while also addressing
research and health system operability cost-effectively
and sustainably, global efforts are needed to maximize
gains. At European Union (EU) level, the different
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countries have adopted different national regulations,
plans, or strategies, despite pursuing common objectives:
for example, Italy has implemented dedicated national
plans focusing on public health genomics and omics
sciences; the UK has emphasized genomics, personalized
prevention, and citizens’ engagement; Estonia has pio-
neered PM implementation through biobanking and
innovation strategies engaging private companies and
startups with other Nordic countries like Sweden, Den-
mark, and Finland following a similar model, focused on
genomics, biobanking, second use of data, and eHealth
integration. For this reason, EU institutions have issued
documents addressing the resulting heterogeneity toward
a common path to achieve shared goals [10].

The European Commission initiated the International
Consortium on Personalized Medicine (ICPerMed) [11]
in 2016 to provide a platform for communication and
exchange on PM research, funding, and implementation.
As a part of its Strategic Research and Innovation
Agenda, ICPerMed identified Shaping Sustainable
Healthcare as one of the five challenges in PM [12],
incorporating many core topics like quality improvement,
process and systems design, and workforce planning
issues across an integrated healthcare system [13].

PM is a key element of the policy agenda in China as
well, which in 2016 integrated PM into the 13th National
5-Year Plan as a part of the “Special Plan on Health and
Health Technology Innovation.” This document serves
the purpose of tracing guidelines for promoting the in-
novation and industrialization of key sectors within the
Chinese economy; for PM, the development of the bio-
logical industry and accelerating the development of new
PM models are goals to be achieved by strengthening
applied basic research, promoting cutting-edge technol-
ogy innovation, enhancing disease prevention and con-
trol, protecting the health of key populations, developing
pharmaceutical and health products, developing new
health service technologies, strengthening health risk
factor control, promoting the popularization of science
and technology, advancing the modernization of Chinese
medicine, strengthening innovation base platforms and
capacity building, promoting the transfer and transfor-
mation of results, and building international cooperation
networks [14].

The EU and China share common interests in several
areas of PM. These include prioritizing the role of in-
dividuals in the care process, emphasizing tailored ap-
proaches to prevention, diagnosis, and treatment, uti-
lizing health data collection and analysis, and promoting
standardized technical requirements to ensure seamless
collaboration and exchange across borders. Both sides
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view this convergence as crucial for their healthcare
systems, working together to adopt a personalized ap-
proach that offers customized treatment strategies for
specific patient subgroups, with a greater emphasis on
disease prevention as a response to rising healthcare costs.
The concept of personalization in medicine emerged on
both sides in the early 2000s, with the EU introducing
personalized health system concepts for patients and
citizens in 2004 [15], and China discussing precision
surgery in 2006 [16]. The terms “PM” and “precision
medicine” were, respectively, defined in the EU [1] and
China [17] in 2015-2016, leading to the development of
programs that implement omics technologies and
precision/personalized prevention and treatment. Al-
though there is currently no shared definition of PM,
these terms are often used interchangeably.

In spite of these similarities, collaboration opportu-
nities can benefit from reciprocal expertise in different
fields and areas of PM, leading joint research projects and
initiatives that combine resources, infrastructures, and
expertise, also allowing studies with larger cohorts that
involve diverse populations and provide a broader and
more representative sample for research and under-
standing of peculiarities in each ethnic group. In addition,
this can facilitate market access and commercial op-
portunities on both sides, with positive economic returns
(e.g., facilitating the implementation of digital health
interventions) [18], laying the foundations for cross-
country collaborations on transnational and global
public health issues. In turn, this approach will need to
keep in mind the existing social and cultural differences,
educating and engaging the public with educational
programs and awareness campaigns to promote informed
decision-making and fostering trust in PM practices,
encouraging active participation of individuals and
communities in their healthcare.

Despite sharing some priorities, the two sides have
long developed their respective health systems differ-
ently. The most striking example is Chinese traditional
medicine, a term that encompasses a range of practices
widely adopted in China and beyond, both alone and in
combination with conventional Western medicine, even
in cancer therapy [19], but not as much in the Western
countries. Identifying adopted approaches, and ad-
dressing differences to develop common techniques
when needed, is relevant to ensure collaboration op-
portunities are not flawed by diverging standards and
measures.

Among the projects promoted by the ICPerMed
Consortium, the “Integrating China in the International
Consortium for Personalized Medicine” (IC2PerMed)

Personalized Medicine and Sustainable
Healthcare

project aims to align the EU and China’s research
agendas in this field to enable a swift development of
approaches in the EU and China with strong leverage
upon EU-Chinese collaborations. The IC2PerMed
project received funding from the Horizon 2020
(H2020) EU funding program [20, 21] and from the
Chinese MOST Intergovernmental Project of National
Key R&D program, and it involves ten partners, seven
from the EU and three from China, with strong expertise
in the field of PM. A relevant goal of IC2PerMed is to
identify a set of priorities in PM directed to policy-
makers, scientists, and industry members, aiming to
build bridges between the EU and China in the field of
PM. In order to reach this goal, a mapping exercise of
PM policies and research and funding schemes in the EU
and in China has been conducted from IC2PerMed
[22-24].

The objective of our study, which is developed within
the IC2PerMed project, was to arrive at a list of pri-
orities regarding the main actions to be taken to
promote the sustainable integration of PM approaches
in healthcare systems. In order to achieve this goal, we
made use of the results of the above-mentioned
mapping activity, which were presented within a
dedicated workshop. These results formed the basis for
the experts’ identification of priorities. A characterizing
element of our work is to want to take into account a
shared perspective at both the Chinese and European
levels on the issue.

Materials and Methods

Expert Selection

European and Chinese experts in PM were identified in late
2020 using a bottom-up and top-down approach that eventually
involved 57 experts from the EU and 10 from China. Specifi-
cally, the bottom-up approach refers to an open call for expert
interest on the IC2PerMed website, while the top-down ap-
proach refers to the identification of experts through review of
the latest reports, scientific publications, conference programs,
partners and coordinators of EU-funded projects, and the
IC2PerMed partner network [25]. All the experts identified were
asked to volunteer to participate in three thematic online
workshops, of which one was about PM in sustainable
healthcare. Two coordinators were identified among IC2-
PerMed partners, one European and one from China, to support
expert discussion in each workshop development. The work-
shop dedicated to PM in sustainable healthcare was held on June
22, 2021, and was participated by 16 experts (10 from the EU
and 6 from China). In preparation for the workshop, a list of
guiding issues has been reported to foster the discussion, based
on a mapping exercise of European and Chinese policies in PM
(10, 22, 26-28].
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Delphi Survey Design

Immediately after the workshop, a Delphi survey was con-
ducted using a 3-round scheme to validate a potential set of
priorities that emerged during the discussion until consensus was
reached [23, 29]. Experts were invited to review the content of the
priorities and rate each in terms of validity and relevance by
indicating a value from 1 to 5 on a Likert scale, where 1 = strongly
disagree and 5 = strongly agree. Experts could propose additional
priorities based on their experience or comment on the presented
priorities. After each round, the questionnaire was modified, in-
tegrating feedback from all participants, and sent again to the panel
for the following round of consultation until consensus was
achieved.

Statistical Analysis

According to the Delphi methodology, we calculated the
Content Validity Index (CVI), the ratio between the number of
experts that rate a singular item with 4 and 5 and the total number
of experts involved. CVI ranges from 0 to 1, or from 0% to 100%. A
CVI greater than 79% was deemed to be suggestive of the item’s
inclusion in the position paper, a rate between 70 and 79% was
considered indicative of the item’s revision, and a rate lower than
70% was deemed to be suggestive of removing the item [23]. The
Delphi survey was implemented between July 2021 and
December 2021.

Results

The discussion of experts during the workshop
identified 20 main potential priorities. After im-
plementing the Delphi process, nine overarching prior-
ities were identified with 10 experts completing all the
rounds (Fig. 1).

Five Chinese and five European experts filled out the
survey. Four experts came from Chinese workplaces,
while six experts had European affiliations. One Chinese
expert reported working in Belgium at the time of the
survey. European countries represented were Switzer-
land, Italy, Estonia, Bulgaria, and the UK. Four experts
were from research institutions (academic sector), three
worked in a hospital, and 3 worked for a patient orga-
nization, government, and pharmaceutical industry, re-
spectively. The nine priorities are listed in Table 1, along
with the main elements of the discussion reported within
each priority below.

Priority 1: Increase Efforts to Allocate Resources to

PM to Foster Healthcare Systems’ Sustainability

Investments in PM require significant amounts of
funding for research and development (R&D) of new
technologies and techniques. Yet, the frequent scarcity of
resources makes it imperative to choose carefully where
these resources are allocated. The recommended mea-
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sures include standardization and economic regulation of
Health Technology Assessment (HTA) agencies among
different countries; facilitation of the assessment pro-
cesses; promotion of partnerships between academic and
pharmaceutical sectors; complementation of individual
project grants with limited core grants by public funding
bodies; close monitoring of this financial support, en-
suring the excellence and the usefulness of the recipient
organization; avoiding the duplication of existing re-
search infrastructures.

Priority 2: Adopt a System of Continuous Evaluation

of Disruptive Innovation

The ongoing innovative approaches brought by the
implementation of PM require that HTA bodies perform
a continuous evaluation of new technologies and pro-
cesses. Traditional methods adopted in assessing new
drugs and technologies, such as randomized controlled
trials (RCTSs), are often unfeasible for PM. Classic view in
the management of RCTs involves a drug-centered ap-
proach, in which study participants, sharing elements
such as histologic or tumor site characteristics, are given
the same type of drug treatment, but this is not an ap-
proach compatible with interventions that can be called
personalized. Next-generation clinical trials must move
toward a patient-centered approach, which matches
therapeutic agents to patients according to a large
number of variables, such as biomarkers, tumor genomic
profiles, individual pharmacogenomic data, and other
variables that make therapy highly personalized [30].
This change of perspective in trial management might
however result in lowering the availability of patients with
the same characteristics; for this reason, this area would
benefit from renewed data provision, facilitating sec-
ondary use of health data for research purposes and real-
world data from personal health data repositories to
complement data from RCT [31]. In contradiction with
this need, current data privacy provisions protect the
secondary use of health data, particularly genomics data,
making it very difficult to perform research in this
field [32].

Priority 3: Integrate End Users’ Perceptions in the

Entire Innovation Process

For PM implementation in healthcare systems to be
complete and sustainable, the process needs to consider
the end users of these technologies, i.e., patients and
healthcare professionals. People diagnosed with a new
condition must learn a range of notions about their
disease, integrate it with their social and cultural back-
ground, and measure it against their expectations; on the
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Fig. 1. Flowchart of the Delphi survey process.
The vertical flow indicates the number of
priorities stemming before and after each
Delphi survey round. The circles containing
an X mark the number of priorities eliminated
after each Delphi survey round. Horizontal Soncaneus v
arrows refer to priorities that were included

following experts’ suggestions or any signifi-

cant inputs from the workshops.

Mapping activity

l

20 on Personalized
Medicine in
sustainable healthcare

1° round

2° round

Table 1. The nine IC2PerMed priorities on “PM in sustainable healthcare” in EU and China

AwnN =

(o))

7.

. Increase efforts to allocate resources on PM to foster healthcare systems’ sustainability

. Adopt a system of continuous evaluation of disruptive innovation

. Integrate end users’ perceptions in the entire innovation process

. Include Ethical, Legal, and Social Implication (ELSI) aspects and the related costs in the process of PM policymaking,

evaluation, and management of technological innovation

. Foster PPPs for sustainable reimbursement systems that allow the PM implementation in the healthcare system
. Identify new payment models for the public reimbursement of PM interventions (i.e., value-based bundled payments as

opposed to fee-for-service)
Enhance multidisciplinary and intersectoral collaborations for sustainable PM-oriented healthcare systems

8. Create an international professionals’ network, to share experiences, promote, and evaluate best practices and progress in PM

9.

Define investment priorities for product and process innovation, considering the relationship between outcome over cost

other hand, healthcare professionals must learn to deal research correctly and efficiently in this field from a
with every patient’s unique health, social, and personal clinical but also a financial point of view, together with
condition. These situations must be considered to address  patients’ background, knowledge gaps, and needs. A
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better connection between data subjects and users should
be built on trust, leading to improved collaboration,
increased communication, and profound confrontation
on critical issues.

Priority 4: Include Ethical, Legal, and Social

Implication Aspects and the Related Costs in the

Process of PM Policymaking, Evaluation, and

Management of Technological Innovation

The complex process of PM policymaking should be as
comprehensive as possible to ensure public trust and
engagement. An integrated ethical, legal, and social
framework should be included in the newly made policy
to ensure equity and protect those whose interests may be
at stake, considering the sensitivity of health and genomic
data and the commercial interests of private companies.
The need for a significant data flow between certified
users does not lessen the importance of the requirement
for peculiar ethical and privacy issues to be addressed in
an appropriate legal framework, specifically for genomic
data. This includes adequate arrangements for data
protection and patient consent, so people may be en-
couraged to contribute with biological material and
personal data for analysis. The policymaking process
should consider that the stakeholders involved are many
and can have conflicting interests, e.g., when private
partners are involved. Ethical, legal, and social frame-
works need to be considered in newly made policies to
ensure equity and protect those whose interests may be at
stake. In addition, the confrontation between different
parts should also focus on these topics.

Priority 5: Foster Public-Private Partnerships for
Sustainable Reimbursement Systems That Allow PM
Implementation in the Healthcare System
Collaboration between public and private stake-
holders is crucial for increasing resource allocation and
targeting fundamental issues in implementing PM in
healthcare systems. Public-private partnerships (PPPs)
are a suitable model for driving forward PM research,
bringing together experts and competencies from a
range of stakeholders, and making the best use of the
available resources in areas where disruptive innovation
could yield better returns in terms of patient benefit, but
requires a more significant effort in terms of the in-
vestment [33]. PPPs involve at least one public (non-
profit, academic, or government) unit and at least one
private-for-profit partner, making it good opportunities
to bring together different experiences and viewpoints
with the aim of implementing PM approaches. A major
area of application of these partnerships looks at in-
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novative drug discovery and development. Such initia-
tives aim to leverage the collective expertise of stake-
holders involved in order to reduce obstacles in the
implementation phase of new drugs. Actions under this
topic typically include accelerating the understanding of
diseases, developing tools and platforms to share re-
sources between public and private entities, and iden-
tifying gaps in drug development processes. Research in
these areas, if properly guided by academic and insti-
tutional perspective, could open up PM to new medical
as well as economic scenarios capable of justifying
private sector investment. In addition to pharmaceutical
development, other areas of application for PPPs are
sharing of compounds, development of machine
learning models, and sharing of intellectual data. All
these fields find broad points of contact with PM,
demonstrating that PPPs constitute potentially valuable
models for fostering investment in the implementation
of these approaches [34].

Priority 6: Identify New Payment Models for the

Public Reimbursement of PM Interventions

(i.e., Value-Based Bundled Payments as Opposed to

Fee-For-Service)

Most advanced PM interventions, such as targeted
therapies against specific cancer antigens, gravitate
primarily around genetic testing, with over 74,000 di-
agnostic tests on thousands of genes [35]. The potential
benefits of these methods range from patient disease
outcomes to reducing costs associated with inappro-
priate, costly, and often harmful drug treatments [36].
Their cost-effectiveness depends on many factors, e.g.,
the prevalence of a particular allele in a population [37].
Because PM interventions are so complex and unique,
traditional reimbursement models (e.g., fee-for-service
models) are inadequate. In contrast, value-based bun-
dled payments allow a more comprehensive evaluation
of the set of interventions required for a given condition
in a given patient. Nonetheless, these are far from
adequate, too: new payment models should be identified
for public reimbursement of PM interventions. Re-
cently, value-based healthcare models have been pro-
posed to measure the value of PM interventions and
demonstrate their cost-effectiveness to inform policy
decisions about reimbursement and investment in
R&D, particularly in solidarity-based health systems
[38]. The overall benefit-risk balance, cost-effectiveness
of the tests, magnitude of the genomic effect, and the
strength and conclusiveness of the evidence should
guide the inclusion and positioning of PM information
in medical practice [39].
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Priority 7: Enhance Multidisciplinary and

Intersectoral Collaborations for Sustainable

PM-Oriented Healthcare Systems

PM is a multidisciplinary field and needs multidisci-
plinary collaboration that brings together multiple
healthcare providers and liaises with healthcare profes-
sionals from different specialties. This is crucial to syn-
ergize on compatible competencies and fill each other’s
gaps. Multidisciplinary collaboration brings together
healthcare providers and professionals from different
specialties: professionals acquire new competencies and
skills needed to promote health, considering not only the
well-being of the citizen/patient but also the ethical,
social, and economic constraints related to the use of
health resources [40]. Healthcare professionals involved
in implementing PM approaches are many. First, it is
important to create effective engagement strategies with
general practitioners, who must be able to propose PM
tools in a weighed and targeted manner. To do this, of
course, it is necessary to have the functional information
to understand the potential of such tools; here emerges
the central role of clinical geneticists and molecular bi-
ologists to support continuous updating of knowledge
[41]. However, familiarity with the clinical potential of a
tool is not sufficient to master it, so it is necessary to
engage all professionals responsible for test use in a di-
alogue with citizen representatives and patients. Their
views are essential in identifying the barriers and bot-
tlenecks to be attended to in communicating the ethical
and medical implications of these tools. Upstream of all
this, for the purposes of integrating an approach within a
health system, it is necessary to include analyses of re-
source use, expected ethical implications, and organiza-
tional feasibility, consequently requiring specific profes-
sional figures for each of these areas. If such collaboration
is lacking, the wrong address of efforts by different
stakeholders can slow down progress in the fields of
research as well as in clinical care; hence, to prevent this,
collaborations between different disciplines must be
fostered and coordinated, bringing together healthcare
providers and non-healthcare workers.

Priority 8: Create an International Professionals’

Network to Share Experiences, Promote, and

Evaluate Best Practices and Progress in PM

Creating a network of international partners involved
in all the different PM areas would ensure a periodic
confrontation aimed at identifying best practices and
leading to a better implementation of PM on an in-
ternational scale. International networks aimed at
sharing best practices and projects in the field of PM

Personalized Medicine and Sustainable
Healthcare

could play a central role in promoting innovative ap-
proaches. The possibility of creating bridges among
partners and ensuring a confrontation with peers from
different environments is a precious opportunity that
should be pursued. This kind of network should include
professionals and experts in the field of PM, brought
together in online meetings or using web portals to share
updates of PM and foster real-time discussion on these
issues. This international information exchange should
expand the literacy of healthcare and workers, pro-
moting advances in PM and, ultimately, reaching
decision-makers and policymakers, leading to the up-
date of existing healthcare policies and drafting of
new ones.

Priority 9: Define Investment Priorities for Product

and Process Innovation, Considering the Relationship

between Outcome over Cost

Considering the limited availability of resources for
innovation to be successfully implemented, appropriate
investment priorities must be first set. The progress of
biomedical research in the field of PM runs the risk that the
inclusion of new tools in clinical practice may increase
costs without correlating with actual positive effects on
patient health [42]. In this sense, research aimed at de-
veloping economic tools to capture the value of individ-
ualized care by virtue of the cost-benefit ratio, both from
the perspective of the patient and the health system,
represents a focal point for defining investment priorities
in the field of PM [43]. Priorities in terms of investment
vary according to context, so each country or health system
must channel its resources based on local analysis inclusive
of several elements, such as the availability of funds, the
capacity of the system to accommodate and exploit them,
and much more. In this sense, it is clear that countries with
less availability will have to make choices aimed at laying
the ground and for the implantation of PM techniques,
e.g., by promoting specific training programs or the cre-
ation of useful organizational tools (platforms, pathways
and regulations for data sharing and use, etc.). These
structures make it possible to prepare not only healthcare
personnel but also the population to use the instruments
and medical devices necessary for the implementation of
PM, as well as to justify future major investments required
in this area [44]. At the same time, it is worth remembering
that, due to the multidisciplinary nature of PM, a wide set
of opportunities derived from private and public invest-
ments are entering the market, each with a specific target,
specific peculiarities, and requesting different levels of
investment and commitment, thus validating the impor-
tance of setting financial priorities.
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Discussion

Health systems worldwide face unprecedented pressure,
with aging populations carrying an increasing disease
burden. Meanwhile, exponential progress in technological
improvements and scientific research have paved the way
for new medical models in healthcare that are increasingly
tailored to a single person’s characteristics. PM im-
plementation in health systems is appealing in terms of
improved accuracy in diagnostics, treatment, and disease
prevention, as well as reduced side effects resulting from
inefficient use of drugs [45]. Both Europe and China have
grasped the value of these innovations, promoting orga-
nized strategies to analyze their potential and promote
their integration into their respective healthcare systems
[14, 27]. However, researching, developing, and im-
plementing the techniques needed to ensure a truly per-
sonalized approach to these relevant fields require dedi-
cating time and resources to the purpose. These issues can
slow PM adoption in healthcare systems if not faced
systematically, constructively, and effectively. The nine
priorities we identified address some of the most critical
points, shared between Europe and China, trying to lay the
foundations for a comprehensive approach.

Improving resource allocation on PM is a problematic
task: even talking about increasing resources in healthcare
can be a tough hit. Currently, health systems in the EU and
China share an approach focused on disease management,
with spending inevitably becoming increasingly burdensome
and difficult to sustain as the population ages. Prevention
could play a key role in this perspective: if we think that at the
European level only approximately 3% of health spending is
dedicated to prevention we realize how increasing this
amount is a priority [46]. The situation is similar in the
Chinese context, where integration of prevention within
health systems is an urgent need in favor of system sus-
tainability [47]. In this context, the role of PM is identified
not only as an element toward which to channel investments
but also as a tool to optimize existing resources by defining
increasingly targeted and effective prevention strategies with
regard to the peculiarities of the individual, making it
possible to intercept specific diseases in advance of their
onset and consequently reducing the costs associated with
treatments. This is the case, e.g, with the validation of
polygenic risk scores for risk stratification and primary
prevention of stroke, which is at an advanced stage of
evaluation at both the European and Chinese levels [48, 49].
The example of polygenic risk scores effectively encapsulates
all of the previously reported limitations in terms of im-
plementing PM strategies. In the face of encouraging
premises in terms of health potential and health system
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sustainability, there are many barriers that prevent their
large-scale use in clinical practice: the need to promote the
publication of further evidence, assess their ethical and legal
impact on the population, study its cost-effectiveness in
different settings. All this requires major investments, with a
view to a potential improvement in terms of population
health and savings for the system. Finding a way to foster
R&D in PM is crucial; seeing the dividends, such an in-
vestment can give in the long run [50]. When academic,
industrial, and corporate entities collaborate, public and
private institutions can take the best out of each other, ac-
celerating processes that would otherwise take much longer
to be completed [51]: investing resources, correctly ad-
dressing policymaking approaches, and bringing academic
institutions to collaborate with non-academic ones are all
relevant points to implement PM in the health systems.

Nowadays, the classical process of diagnostics and
treatment of a condition is based on the guidelines issued
by governmental entities or medical societies [33]: when
diagnosed with a condition, a patient receives treatment
based on the information available, the physician’s
knowledge of the field, and the available scientific evidence
on the issue. Nonetheless, this is hardly the last step of the
process. Because the drug posology is mainly decided
based on RCTs, this does not consider the individual’s
peculiar characteristics, which might result in treatment
failure [33, 34]. Enabling physicians to access more in-
formation on their patients can be crucial to timely ad-
dressing emerging conditions that this kind of dynamic
information can identify [35]. Here is where the prospect
of using genomic-derived information to personalize drug
therapy for patients meets with interest from the Chinese
scientific community, with limitations also due to the need
to thoroughly investigate the variations that exist among
the different ethnic groups involved within the same
population [52]. Also, the access to proteomic information
by physicians is another suitable example: proteomics gives
information on how proteins change their conformation
over time, leading to increased or reduced susceptibility of
the patient to disease or certain drugs [35, 53].

The emerged priorities lay the foundations also for
future policymaking on a few PM-related issues. It is easy
to imagine that data creation, storage, transfer, remodeling,
and destruction, to name a few, will be broadly discussed,
given how relevant they are for PM implementation.
Medical devices, wearables, clinical examinations, and
diagnostic exams will result in the quantity of medical data
available spiking, opening up unprecedented paths for
clinicians and researchers alike: as pointed out in the
process of priority building; however, current data pro-
visions are so restrictive toward secondary use of health
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data that this process is not progressing as fast as it could
[54]. Not less critical, the facilitation of data transfer
between different platforms and infrastructures for the
primary use of health data should be considered in light
of all the existing restrictions and limitations of health
structures, especially smaller ones, which could have an
insufficient budget to comply with the technical re-
quirements needed [55]. Besides the existing technical
restrictions, ethical, legal, and social issues need to be
addressed in the future, as emerging technologies and
approaches to health and disease bring new challenges
to light [56]. By considering the problem from the
perspective of the patient and the relationships in the
political, social, and economic fabric, there emerges the
need to define and maintain, throughout the value
chain, a set of principles and guidelines that declare the
centrality of the patient, actor, and recipient of
healthcare processes and services.

Health systems should guarantee patients’ examina-
tions and diagnostic tests, removing any monetary ob-
stacles, especially when these have a significant added
value [57]. Furthermore, bringing patient care closer to
people’s homes and disadvantaged communities will be
crucial to ensuring a more personalized approach to care
[58]. Gaining people’s trust and engaging them to have a
more proactive approach to their health, anticipating the
disease with examinations, when possible, is also crucial
to this purpose [59].

Healthcare delivery reorganization is complex and will
require adequate reimbursement models. Because com-
plex patients are simultaneously affected by different
conditions, they require multiple diagnostic tests and
clinical examinations by various specialists, taking care of
the person as a whole rather than just as a sum of different
conditions [60]. Policymakers will need to address this
when dealing with reimbursement forms, elaborating
new schemes that keep this into account, building up a
solid and personalized network revolving around each
patient, fostering collaborations of medical and non-
medical professionals toward common goals, crossing
the borders of academic institutions and national
countries, to access the largest amount of information and
competencies available [61, 62].

Funding schemes and payment methods are es-
sential to building compliance toward PM instru-
ments. As previously pointed out, European as well as
Chinese institutions have recently strongly promoted
the development of PM and the study of its integration
within healthcare systems. These initiatives have fos-
tered a broad response from academic institutions and
private companies, with the aim of enhancing technical

Personalized Medicine and Sustainable
Healthcare

capabilities to acquire and process data in this area
[63]. However, the adoption of and compliance toward
precision testing and medicine is still limited [28]. This
is closely linked to the high cost and insufficient co-
payment of PM technology. This aspect highlights how
careful planning of sustainability and effective us-
ability by end users is necessary during all steps of the
implementation process. Economic evaluation and
cost planning are of paramount importance in PM, as
the adoption of new technologies often has a very high
cost, and the benefits may not be immediately
apparent.

Our work involved many participants and experts in
the field, trying to address relevant issues using a well-
defined and validated path to ensure an optimal ap-
proach. To our knowledge, our work is the most recent
and advanced single piece of literature on the field of PM,
trying to address specific issues and future perspectives,
building on available evidence and increasing its com-
pleteness by adding experts’ contributions, resorting to
workshops and building up the basis of both discussions
and questions to experts on the IC2PerMed project
mapping and survey. Despite the strict methodology, this
work should be considered in light of some limitations.
The resulting priorities cover many topics, but more
issues to be investigated might have been neglected, likely
because of the inaccessibility of relevant documents on
the web, or participants” and experts’ own cultural and
work background. In addition, bringing together Euro-
pean and Chinese perspectives could lack useful per-
spectives from participants elsewhere.

Conclusion

The path to implementing PM in health systems is
challenging both in the EU and in China. During the
IC2PerMed project, our group highlighted, discussed,
and addressed several crucial issues for future chal-
lenges. In conclusion, a shared approach to addressing
the highlighted priorities is crucial for the EU and China
to successfully navigate their paths in PM and holds
potential for scaling research efforts and maximizing
returns. By collaborating closely, they can leverage their
respective strengths, resources, and expertise to achieve
breakthroughs at an accelerated pace. Through syn-
chronous and coordinated efforts, they can pool their
data, resources, knowledge, and infrastructure, enabling
them to conduct larger scale studies, analyze diverse
patient populations, and generate robust findings with
broader applicability. This collaborative approach
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would surpass the asynchronous efforts undertaken
independently by each, leading to a cumulative impact
that far exceeds what could be achieved individually. By
combining their strengths, the EU and China can un-
lock the full potential of PM, revolutionizing healthcare
and improving patient outcomes on a global scale. To
facilitate this collaboration, the priorities listed in this
position paper lay down the groundwork for this change
to guide and stimulate future collaboration between the
EU and China, strengthening their leadership in PM on
a global level.
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