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Abstract
Multidisciplinary team from three universities based in the “Centro” Region of Portugal developed diverse approaches as 
parts of a project dedicated to enhancing and expanding Predictive, Preventive, and Personalized Medicine (3PM) in the 
Region. In a sense, outcomes acted as a proof-of-concept, in that they demonstrated the feasibility, but also the relevance of 
the approaches. The accomplishments comprise defining a new regional strategy for implementing 3PM within the Region, 
training of human resources in genomic sequencing, and generating good practices handbooks dedicated to diagnostic test-
ing via next-generation sequencing, to legal and ethical concerns, and to knowledge transfer and entrepreneurship, aimed 
at increasing literacy on 3PM approaches. Further approaches also included support for entrepreneurship development 
and start-ups, and diverse and relevant initiatives aimed at increasing literacy relevant to 3PM. Efforts to enhance literacy 
encompassed citizens across the board, from patients and high school students to health professionals and health students. 
This focus on empowerment through literacy involved a variety of initiatives, including the creation of an illustrated book 
on genomics and the production of two theater plays centered on genetics. Additionally, authors stressed that genomic tools 
are relevant, but they are not the only resources 3PM is based on. Thus, they defend that other initiatives intended to enable 
citizens to take 3PM should include multi-omics and, having in mind the socio-economic burden of chronic diseases, subop-
timal health status approaches in the 3PM framework should also be considered, in order to anticipate medical intervention 
in the subclinical phase.
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Introduction

3PM concepts go significantly 
beyond the state‑of‑the‑art in personalized 
medicine

Despite that nowadays the four nucleotide bases adenine (A), 
thymine (T), cytosine (C), and guanine (G) have, according 
to other scientists, replaced the four humors of Hippocrates 
(blood, phlegm, yellow bile, and black bile) [1], we find 
important to stress the original context of Hippocrates in the 
sense of the balance within the body among all “humours” 

and any particular dis-balance as a cause for specific disease. 
This standpoint philosophically brings us to the predictive, 
preventive, and personalized medicine which also empha-
sizes the balance and complex point of view but with much 
deeper insights into the molecular mechanisms, including 
genetics, and interactions with the external factors.

Individual genomic analysis in medical decision-making 
facilitates the transition towards personalized medicine, 
leading to novel targeted therapies and a transformative 
effect on personal health, health economics, and productiv-
ity of countries or regions [2]. This type of medicine results 
from a combination of advancements in genome sequencing, 
information, and communication technologies [3].

Following the European Council Conclusion on Personal-
ized Medicine for Patients [4], “there is no commonly agreed 
definition of the term Personalized Medicine.” However, it is 
widely understood that personalized medicine (Fig. 1) refers 
to “a medical model using characterization of individuals’ 
phenotype and genotype (e.g., molecular profiling, medical 
imaging, and lifestyle data) for tailoring the right therapeutic 
strategy for the right person at the right time and/or to deter-
mine predisposition to a disease and/or to deliver timely and 
targeted prevention” [4].

Personalized medicine should be seen as a patient-cen-
tered evolution of medicine and healthcare systems, based 
on new genetic technologies, to better responding to patient 
needs [4, 5].

Overall, the main goal of personalized medicine aims at 
maximizing health benefits, minimizing risks, and gaining 

Fig. 1   Comparing a treatment by conventional medicine with a treat-
ment in the framework of 3PM utilizing genomic tools. For conven-
tional medicine, patients with the same symptoms should share a 
common etiopathogenesis and receive similar treatment. The adopted 
treatment is the one (“one size fits all”) that shows the best results 
following clinical trials in which various therapeutic approaches are 

tested. With treatments in the framework of 3PM utilizing genomic 
tools, patients with the same symptoms are previously subjected to 
genomic testing and, based on the results, stratified into subgroups (X, 
Y, and Z) and subjected to treatment algorithms (X, Y, and Z) tailored 
to individualized patient profiles, in order to achieve the common 
expected therapeutic effect
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in efficiency, the opposite of many conventional medical 
practices still based on “average patient” or “average doses” 
concepts. Defining risk groups using genomic markers, per-
sonalized medicine allows establishing who should be tar-
geted for early intervention and supports appropriate access 
to innovative diagnostic methods and better targeted treat-
ment [6].

Tools and measures instrumental for the paradigm 
shift from reactive medical services to predictive, 
preventive, and personalized approaches

Going further, a new paradigm has emerged based on the 
shift from reactive to proactive medical services in the con-
text of 3PM. 3PM represents a progressing from “disease 
care” to “health care,” as a new philosophy to tackle the pan-
demic of common chronic diseases, and the need to encour-
age macroeconomic, more efficient predictive and targeted 
preventive measures [7]. 3PM is a new integrative concept in 
healthcare, which makes it possible to predict individual pre-
dispositions before the onset of disease, to provide targeted 
preventive measures and to create personalized treatment 
algorithms tailored to the individual [8]. 3PM is effectively 
promoted by the European Association for Predictive, Pre-
ventive, and Personalized Medicine (EPMA) [7, 8].

Areas where we expect 3PM to have a growing impact in 
the “Centro” Region include cancer, diabetes, neurodegen-
erative, metabolic, respiratory, cardiovascular, and infectious 
diseases, but also pharmacogenetics, aging, microbiome, 
pre-symptomatic carrier identification, reproductive, and 
fetal medicine [8–10].

The increase in longevity, the increasing prevalence of 
long-term and complex diseases, and the rise of innovative 
technologies and scientific breakthroughs and their trans-
lation from bench to bedside are putting pressure on the 
sustainability of health systems in developed countries due 
to the need to allocate additional resources to health budg-
ets [11]. Health and healthcare sustainability should not be 
pursued in isolation, but should be addressed for financial, 
economic, political, legal, ethical, educational, and social 
reasons [12]. 3PM is emerging as a promise to reverse the 
ever-increasing costs of healthcare and government health 
spending in recent years, by harnessing developments in 
genomics to improve prevention and early diagnosis of dis-
ease [6].

Healthcare principles are shifting the focus from illness to 
health, from treatment to prevention and early diagnosis, from 
a “one size fits all” approach to personalized medicine [8]. 
The successful implementation of a 3PM program depends 
mainly on effective communication with professionals who 
are able to apply these specific approaches in clinical prac-
tice, and with policy makers and administrators who are in 

a position to make decisions within 3PM, as a prerequisite 
for effective implementation of 3PM in the health sector [8].

A proof‑of‑concept model by the “Centro” Region 
in Portugal

The “Centro” Region in Portugal corresponds to the central 
part of its continental territory. “Centro” covers a population 
of approximately 2.3 million inhabitants, being one of the 
country’s five mainland regions (NUTS level 2) of direct 
administration of the Portuguese State. The “Centro” Region 
is supported by ten main hospitals, having health as one 
of the priority thematic differentiating domains of research 
and innovation strategy for smart specialization (RIS3). 
It is already recognized as an innovation leader in health. 
Regional strategic goals include health and well-being and 
biotechnology, two privileged areas for the application and 
promotion of 3PM.

The main goal of our work was to respond to the main 
health interests of a citizen today, when concepts and medi-
cal applications of genomics are brought into play in the con-
text of 3PM [7]: to receive personalized care that places him/
her at the center of health procedures, taking into account 
his/her potential or actual disease and his/her genetic and life 
path uniqueness; to receive a medicine that is tailored to his/
her allelic variants and is able to provide the right therapy, in 
the right dose, at the right time, for the right period of time; 
to predict and prevent possible diseases; and to have access 
to a medical practice that explains to him/her the basics of 
understanding the medical procedures that will be applied 
and their potential ability to restore health.

Role of EU in supporting new strategies 
in the framework of 3PM

The activities were developed taking into account the fol-
lowing conclusions of European Union Council on person-
alized medicine for patients [4], when the Council invites 
member states to:

•	 Develop patient-centered policies through patient 
empowerment and integration of patient perspectives in 
the development of regulatory processes, in collaboration 
with patient organizations and other relevant stakeholders

•	 Integrate advances in human genomics into public health 
research, policies, and programs

•	 Develop or strengthen public health communication strat-
egies to improve health literacy and public awareness 
of existing treatment options, of the benefits and risks 
of personalized medicine, and of the role and rights of 
citizens

•	 Provide education, training, and continuing professional 
development to equip them with the necessary knowl-
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edge, skills, and competences to make the most of the 
benefits of personalized medicine for patients and health 
systems

•	 Promote cross-disciplinary interaction to ensure better 
understanding of available data, more efficient integra-
tion and interpretation of information from different 
sources, and appropriate decision-making on treatment 
options

•	 Consider developing long-term, patient-centered, stra-
tegic approaches to address the challenges of access to 
personalized medicine from a public health perspective, 
while ensuring the sustainability of national health sys-
tems based on patient safety and quality of care

Furthermore, the work carried out fit well with the per-
spectives addressed by ICPerMed [2]: informed, empowered, 
engaged, and responsible citizens and healthcare providers; 
health systems that enable personalized and optimized health 
promotion, prevention, diagnosis, and treatment for the ben-
efit of citizens and patients; availability and optimal use of 
health-related information for optimized treatment, care, 
prevention, and research; and economic value through the 
creation of next-generation medicine.

Working hypothesis in the framework of 3PM

Working hypothesis was designed having in mind that 3PM 
corresponds to a new paradigm based on the shift from reac-
tive to proactive medical services. To support and foster-
ing 3PM, the next few years will also see a paradigm shift 
in education to health and healthcare, and health literacy, 

encompassing citizens in general, but also patients, health 
professionals, healthcare providers, healthcare managers, 
and policy makers [1]. Thus, working hypothesis is aimed 
at enhancing and extending the practice of 3PM in the “Cen-
tro” Region, elected training of health professionals and 
capacitation building of citizens in general for a rational 
use of 3PM, with health literacy as an essential pillar. In 
addition, a strategic plan was drawn up, and good practices 
handbooks were written and published to strengthen techni-
cal, ethical and legal skills, and entrepreneurship.

Project design

In order to design a project that would meet the previously 
identified needs and others listed below (Table 1), a multi-
disciplinary coordination team and several working teams 
from different fields of knowledge were set up, coming from 
the three public universities located in the “Centro” Region 
of Portugal.

By involving the three public universities of the “Centro” 
and their capacitation building on personalized medicine, the 
project is also aimed at responding to the great challenge of 
territorial cohesion, mainly when it encourages the dissemi-
nation of knowledge and technology concerning innovation 
on genomics, and the promotion of highly qualified human 
resources. In addition, the project included partnerships with 
the main hospitals of the Region, the Regional Directorate 
of Education, the Portuguese Association of Biology and 
Geology Teachers, and the Portuguese Press Association.

Some major challenges were considered relevant to be 
addressed in the “Centro” Region of Portugal (Table 1), 

Table 1   Activities developed in the framework of 3PM utiliz-
ing genomic tools. Activities were designed to build capacity for 
advanced medical services and support tailoring algorithms aimed 
at adding value in the framework of 3PM. In order to achieve these 
goals, activities 1, 2, and 3 include knowledge of the existing offer, 

planning the response, fostering well-prepared human resources, and 
investing in the production of handbooks that facilitate and stand-
ardize training and promote entrepreneurship. Through activity 4, a 
strong focus was placed on people, namely, by promoting literacy

Activity 1: Regional mapping and strategy
Assessment of the current status of 3PM
Definition of a regional strategy to strengthen the implementation of 3PM
Activity 2: Training in genomic studies and writing good practices handbooks
Training human resources in genomic studies applied to cancer, respiratory diseases, and diabetes
Writing good practices handbooks on genomic studies and on ethical and legal issues of genetic informa-

tion
Biolaw, ethics, and biobanks in the framework of 3PM
Activity 3: Transfer of knowledge and entrepreneurship
Integration of genomics into the regional network of health units
Support to development of start-ups
Writing a good practices handbook on transfer of knowledge and entrepreneurship
Activity 4: Knowledge dissemination and increasing literacy
Increasing literacy of health professionals and health students
Increasing literacy of high school students
Increasing literacy of the general population
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namely, appropriate strategies for the implementation of 
3PM in the Region; trained people in genomics; availability 
and dissemination of good practice on genomic studies, legal 
and ethical concerns, and knowledge transfer and entrepre-
neurship; integration of 3PM in health units; and raising lit-
eracy on the benefits and current limitations of 3PM, among 
health professionals, students, and the general population.

Results and data interpretation

Assessment of the current status of personalized 
medicine in the “Centro” Region

Comprehensive insights were gained into the current status 
of 3PM in the “Centro” Region, covering the following key 
aspects: human and technological resources, research and 
clinical activities, genome-scale sequencing capabilities, 
and academic programs offered by universities in the fields 
of human genetics, bioinformatics, statistics, and advanced 
computing.

By identifying the resources, competencies, and needs 
related to 3PM within the “Centro,” a holistic perspective 
has been developed, which has made it possible to formulate 
a regional strategy in line with the objectives and aspirations 
of the Region.

Definition of a regional strategy to strengthen 
the implementation of 3PM

Administrators responsible for implementing a 3PM pro-
gram must bear in mind that this process requires high-
quality and real-time information on four critical points: 
health needs of society, financial resources, operation and 
infrastructure, and clinical outcomes [13].

One of the outputs from this work was a detailed 240-
page document presenting a strategy for the “Centro,” articu-
lated with the National and EU strategies for 3PM. This 
document was developed through reviewing the literature, 
from scientific articles to policy documents and other strate-
gic plans, listening to diverse stakeholders in focus groups, 
performing an inventory of existing capacities, and using the 
tools of strategic analysis (PESTEL, SWOT, idea generation, 
and selection). The process and the strategy defined for the 
“Centro” can guide future efforts to develop strategies for 
3PM in other regions.

The following points were considered strategic objectives 
for the definition of a regional strategy aimed at implement-
ing 3PM: improve the population’s health, reinforce citi-
zens’ participation in their own healthcare, promote social 
cohesion, protect personal information, ensure financial 
sustainability, promote value creation, and differentiate the 
“Centro” Region.

A major distinction was considered between capacita-
tion for genome sequencing, focusing on equipment, and 
capacitation for interpretation of genomic data, focusing on 
qualified human resources. Interpretation of genomic data 
was considered the core competence to be developed in the 
“Centro.” In addition, the potential for innovation in devel-
oping vaccines and treatments based on genome research 
was highlighted, building on some promising examples in 
the Region.

Moreover, considering the size of the “Centro” Region 
in the context of the country and the world, much of the dis-
cussion was centered on identifying specific areas in which 
the Region can be the most relevant. The areas of oncol-
ogy, neurodegenerative diseases, diabetes, cardiovascular 
diseases, and eye diseases were identified as very relevant, 
considering both the existing potential and the population’s 
needs. Some rare diseases were also identified as a niche to 
be exploited, based on successful examples in the Region.

Strategic axes and strategic initiatives (Table 2) have been 
organized in terms of networks, data, equipment and infra-
structures, professionals, citizens, and research.

Implementing such a strategy will require resources. 
Thus, policy makers must be aware of their ability to pay, 
having in mind distributive justice and proportionality, to 
accomplish accessibility, affordability, and system readiness 
[13]. More generally, decision makers and health stakehold-
ers wish to know if economic value is provided. Although 
the economic value of 3PM is still difficult to quantify, a 
few studies already indicate advantages, compared to more 
traditional approaches in medicine [14–16]. By reducing 
the waste and costs associated with ineffective treatments 
and their side effects, 3PM also promotes the rational and 
efficient use of available resources and has the potential to 
relieve pressure on national health services [17]. For this 
reason, the strategy document devoted a chapter to provide 
an overview of existing evidence, anticipating the benefits 
that could be expected.

A systematic review found robust evidence for the cost-
effectiveness of genotyping before treatment with several 
common drugs [18]. In the majority of studies, the increased 
costs of genotyping were more than offset by the positive 
effects on patients’ life expectancy and quality of life [18], 
with the reduction of the risk of adverse drug reactions 
being a key benefit [19]. Nevertheless, some studies (e.g., 
[19, 20]) show that the cost-effectiveness of implementing 
pharmacogenomics-guided drug use varies according to the 
diseases and types of drugs evaluated, which supports our 
choice of highlighting specific areas in the strategy docu-
ment. Other studies mentioned cost-effectiveness evidence 
of using targeted massive parallel sequencing (MPS) as rou-
tine screening for allelic variants associated with maturity 
onset diabetes of the young [21] and the cost-effectiveness 
of an anticipatory intervention for asthmatics based on a 
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relevant genetic abnormality [22]. Moreover, it is also noted 
that 3PM is an emerging paradigm in cancer treatment, aim-
ing to tailor cancer therapy to the individual patient and 
treatment scenario, although cost-effectiveness analyses face 
several challenges and remain unclear [23].

Training personnel in genomics

Sequencing parts of the genome, the exome or all the whole 
of an individual genome, is becoming an affordable method 
to attain significant knowledge regarding rare and common 
genetic variations, especially those that are functionally sig-
nificant [24]. Therefore, being proficient in sequencing is 
crucial to establish expertise in genomics. The training was 
developed using the laboratory from the university with spe-
cific expertise, namely, in cancer, respiratory diseases, and 
hereditary forms of diabetes.

Deep phenotyping plays a crucial role in cohort stratifica-
tion for population-based studies, like genome-wide associa-
tion studies (GWAS) and polygenic risk scores (PRS). This 
approach significantly improves the predictability of models 
that solely rely on genetic information.

Training in genomic studies is aimed at ensuring the 
acquisition of technical skills. Effective training is essen-
tial in diagnosis, therapy, and research areas related to 
3PM to enable customization of treatment algorithms 
according to individual patient profiles. Patients with 
allelic variants that are directly targetable may gain ben-
efits from proven or novel therapies which could enhance 
their survival and quality of life. Main application fields 
are stratification of cancer situations, characterization of 
genetic diseases and pharmacogenomics. By reducing the 

time required for diagnosis and increasing the accuracy of 
identifying the molecular mechanism, genomic research 
facilitates prescribing the most suitable treatment, while 
also enhancing cost-effectiveness of patient treatments. 
Additionally, genomic research can assist physicians in 
predicting a patient's functional status prior to disease 
onset, or before irreversible conditions emerge, and thus 
promoting and improving the health of the population. 
This enhances 3PM by enabling the prioritization of pre-
ventative measures and methods of treatment [25].

Good practices handbook on genomic studies

The writing of a good practices handbook on genomic stud-
ies was based on the following assumptions [26–28]:

•	 Next-generation sequencing (NGS) has revolutionized 
our ability to decode genome-scale DNA informa-
tion, ushering rapid advancements in both fundamental 
research and clinical applications

•	 The adoption of NGS has compelled laboratories to 
embrace greater complexity in their workflows, accom-
panied by an increased demand for sophisticated bioin-
formatics analysis

•	 Although ongoing advances in technology and equipment 
have gradually reduced the cost of NGS, it still remains a 
relatively expensive technology, limiting its accessibility 
to a few laboratories

•	 The effectiveness of NGS protocols hinges heavily on 
precise sample preparation and meticulous data analysis. 
To optimize cost-efficiency and time savings, it is imper-

Table 2   Strategic axes and 
objectives for 3PM development 
in the “Centro” Region. 
This table summarizes the 
formulated strategy for 3PM 
development in the “Centro” 
Region, presenting the axes 
that will guide strategy 
implementation and the main 
objectives in each of them

Strategic axes Strategic objectives

Networks Promote the cooperation, the exchange of knowledge 
and joint projects related to 3PM

Integrate genetic and clinical data
Institutionalize and promote the networks in the 

“Centro” Region
Ensure the comparability between outputs produced 

by different laboratories in the Region
Data Contribute to the protection and privacy of data

Promote consensus on data sharing and protection
Equipment and infrastructure Ensure shared access to equipment and technology to 

implement and develop 3PM in the Region
Manage the sequencing capacity in the “Centro” 

Region
Professionals Empower health professionals for 3PM

Retain talent in the Region
Citizens Promote citizens’ perception of key 3PM concepts

Reinforce the citizens’ participation
Research Promote translational research

Increase funding for research projects related to 3PM
Stimulate innovation and entrepreneurship
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ative to provide comprehensive training to all profession-
als involved and adhere to best practices, techniques, and 
methodologies

This handbook was entitled “Sequenciação de DNA—
NGS” and published as an open access publication in Por-
tuguese [29].

Good practices handbook on ethical and legal issues 
of genetic information

A good practice handbook was conceived as a guide dedi-
cated to ethical and legal concerns generated by the rapid 
advances of health and healthcare in the framework of 3PM 
utilizing genomic tools. High quality of ethical standards 
is a prerequisite for successful implementation of 3PM in 
healthcare systems [7]. The handbook, based on national and 
international legislation, produced ethical thinking aimed at 
health professionals. As many of the challenges arising from 
this new paradigm of medicine and healthcare provision do 
not find neither sufficiently clear answers at the regulatory 
level, nor established ethical thinking, the handbook also 
presents new thinking and proposals on ethical and legal 
challenges generated by 3PM.

The handbook addresses issues in the fields of biobanks 
and DNA profile databases; conflicting interests between 
family members regarding access to genetic information and 
the duty of secrecy; automated decision systems; genomic-
based digital health and medicine; impacts of personalized 
medicine on public health, social justice, and personal dis-
crimination on the grounds of genetic heritage; the role of 
EU as a driver of personalized medicine; and implications of 
personalized medicine in health professions. The handbook 
was entitled “Medicina Personalizada de Base Genómica, 
Boas Práticas, Ética e Direito” and published as an open 
access publication in Portuguese [30].

Biolaw, ethics, and biobanks in the framework 
of 3PM utilizing genomic tools

Using individual’s genomic information in disease preven-
tion, diagnosis, and personalized treatment requires physi-
cians to know more than simple genetic bases to develop 
genetic rationales underlying an adequate selection of 
genetic or genomic testing, interpretation of test results, 
and clinical decision. That implies specific education, skills 
and experience, and mastery of the “state of the art,” this is 
understood as the generally accepted clinical practice.

Using genomic information has particular implications 
for healthcare professions [31]. For this reason, medical 
genetics services should be installed in hospitals and health-
care institutions that must be aware of the increased respon-
sibility of physicians dealing with genetic information, 

namely, in the field of genetic counseling. Adequate training 
of health professionals must be ensured.

Relevant aspects concerning the process of introduc-
ing genomic studies in the field of public health should 
be considered [32–34]. The process must be progressive 
and cautious, always ensuring that all decisions are taken 
based on scientific evidence and minimizing any threats 
and risks to the human and fundamental rights of citizens. 
It is necessary to promote health and genomic literacy, to 
empower citizens to make truly informed decisions regard-
ing their health status, with clear advantages in terms of 
public health. Despite the aspiration for the broadest pos-
sible introduction of 3PM into the National Health Ser-
vice, special care is needed to ensure equitable and non-
discriminatory access for all citizens.

In 3PM, the physician–patient relationship is often 
solely guided by obtaining and knowing the diagnosis, 
with the transmission of genetic information about diag-
nosis playing the main role. Additionally, ethical concerns 
are overwhelming.

Physicians failing to follow the “state of the art” can 
fall under legal liability and be sued due to negligence 
or personal injury. However, evidence based on genetic/
genomic information is, frequently, insufficient to support 
the definition of a general accepted clinical practice or a 
standard to provide physicians guidance [31].

In order to avoid any liability for possible diagnostic 
errors, two issues are paramount. One is the provision of 
reinforced informational duties, which are the basis for 
obtaining duly informed consent, especially regarding 
the lack of immediate therapeutic benefit. Another one 
is to comply with the “state of the art” when making a 
diagnosis, considering any and all obvious symptoms and 
recording a well-made and detailed analysis of all tests, 
procedures, and resources on available devices and instru-
ments [35, 36].

Besides the production of a good practices handbook on 
ethical and legal concerns of genetic information, the biolaw 
team was still involved in the preparation of proposals for 
legislative changes at national and European level, in the 
development of adequate procedures to obtaining informed 
consents; in the analysis of ethical, legal, and social aspects 
of personalized medicine; and in initiatives dedicated to 
health literacy promotion and to empowering patients 
organizations.

In the field of biobanks [37], the biolaw team defined 
the legal regime that establishes the conditions for treat-
ment of biological samples of human origin (from collec-
tion, processing, analysis, availability and use, storage, and 
destruction) for the purposes of fundamental, applied, or 
translational scientific research; established that a financing 
guarantee should exist to avoid compromising the essential 
ethical and scientific exemption of structures dedicated to 
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biobanking activities for scientific research purposes; and 
established that technical measures should ensure the safety 
and quality of procedures, by monitoring compliance with 
them.

Concerning automated decision systems in 3PM, the 
biolaw team identified as essential [38, 39]: to pay atten-
tion to basic principles of General Data Protection Regula-
tion; the indispensability of subjective analysis of patient’s 
condition and human supervision, action, and recommenda-
tion of the predictions achieved by automated systems; and 
an urgent social debate, mainly involving people working 
within the health system.

Transfer of knowledge and entrepreneurship

Unlike the development of new drugs, whose development, 
patenting, and licensing processes have extremely high costs, 
even prohibitive for small countries, the costs of innovation 
in 3PM are affordable, as long as new models of health man-
agement and administration are implemented and take into 
account the specificities of incorporating predictive, preven-
tive, and personalized approaches in medical decisions.

With this project, the “Centro” is trying to lead the way 
in 3PM and build the conditions to tackle the shortcomings 
generated by models that are not suited to the implementa-
tion and development of 3PM. One of the pursued conditions 
consists of drawing up a specific strategic plan. Another is 
to develop conditions that allow the Region to benefit from 
the high potential of 3PM for producing patents and start-
ups in the areas of diagnostic technologies, digital medicine, 
and artificial intelligence, as well as in the fundamental and 
sensitive area of managing individual genomic data.

Promoting start-ups creation will encourage entrepreneur-
ship, transfer and enhanced knowledge, support management 
of intellectual property, and support seed phase of start-ups 
and procedures to fundraising.

To foster entrepreneurship and the creation of start-ups, 
several actions were considered in the project and put in 
place: promote 3PM through seminars, workshops, and vis-
its to successful case models; support academic researchers 
in the field of 3PM to translate their research into industry 
and health services; provide training in intellectual property 
directed to those involved in research and development in 
the field of 3PM; offer mentorship in the early stages of 
development of start-ups and spin-offs in the field of 3PM; 
and identify funding opportunities in the field of 3PM and 
provide support in the submission of proposal applications. 
To facilitate the dissemination of the procedures underly-
ing these approaches, a good practices handbook has been 
written.

Good practices handbook on transfer of knowledge 
and entrepreneurship

This handbook aims at guiding researchers and health pro-
fessionals in 3PM, promoting knowledge transfer and entre-
preneurship in the field. Genomics research progresses rap-
idly, providing great opportunities to translate discoveries 
into industry and healthcare. However, researchers do not 
always realize the essential steps to generate economic value 
from their findings. This guide aims to raise awareness about 
entrepreneurship and intellectual property and provide guid-
ance to researchers in the initial stages of creating start-ups 
and spin-offs in the field of genomics-based 3PM. It is hoped 
that this guide will help to bridge the gap between research 
and industry in 3PM.

Knowledge dissemination and increasing 
literacy

Capacity building through increasing literacy 
of health professionals and health students, high 
school students, and general population

In general, health professionals face real difficulties to 
integrate scientific and technological genomic advances in 
standards of medical practice, to communicate with con-
sultants when dealing with them, and to face associated 
legal and ethical concerns. And what about common lay-
men, when it is expected they are able to assume the right to 
autonomy and to make choices and sign informed consents, 
all that implying to know and understand a minimum about 
genetics and genomics?

These difficulties were addressed through dissemination 
initiatives directed to health professionals and health stu-
dents: webinars for academic community and health pro-
fessionals, proposal of internships for health students in 
sequencing laboratories of the universities involved in the 
Project, and a “Genomic Medicine Day” to bring together 
health professionals (physicians, researchers, and nurses) 
and motivate thinking and discussion on genomic aspects. 
Webinars included topics on genomics and its applications 
in medicine, ethical and legal dimensions, genomic data-
bases, genomics in diagnostics and therapeutics, and health 
economics.

An approach to education for genomics, aimed at pre-
university schools, justified the achievement of webinars 
for secondary school teachers of Biology, including top-
ics on genomics and their applications in medicine, ethics, 
and biomedical law; proposal of summer internships for 
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secondary school students and selective visits to genomics 
laboratories; multimedia production for high school students 
and teachers concerning concepts and perspectives in the 
field of genomics; production of an illustrated book entitled 
“Genomic Medicine”; and the “Genomic Medicine Day,” 
also for students and teachers from diverse levels of pre-
university education.

Education aimed at general population was based on pub-
lication of texts related to personalized medicine and genom-
ics in newspapers of the Region, publication of a cartoon in 
a national newspaper to raise awareness of the community, 
the writing and publishing of the illustrated book “Genomic 
Medicine,” writing and performing of two theater plays 
addressing issues on genomics and personalized medicine, 
creation of a specific website, and using social networks and 
press releases to disseminate activities.

Survey on genomic literacy

A survey was prepared to assess literacy in higher education 
students. The GKQ (genetic knowledge questionnaire) was 
selected for this research, through bibliographical research 
on existing measuring instruments to assess genetic literacy 
[40]. After the author’s authorization, the questionnaire 
was translated and culturally adapted into Portuguese. The 
study was approved by Ethics Committee of the Faculty of 
Medicine of the University of Coimbra. Pre-test was already 
applied to students at the University of Coimbra.

Science communication and general population 
engagement in 3PM issues

Science communication plays a vital role in fostering an 
aware and informed society, enabling the demystification 
and effective dissemination of scientific concepts. Effective 
and accurate science communication is paramount, to ena-
bling greater health and healthcare literacy and informed 
decision-making among the general population. Commu-
nication strategies and societal engagement should be tai-
lored to diverse target audiences, encompassing various age 
groups and knowledge domains and utilizing a range of com-
munication and interaction channels.

Issues related to genetics and genomics, advances in 
research and their applications and limits, and the increas-
ingly personalized nature of medicine are hot topics today, 
with 3PM issues standing out, as deserving special consider-
ation. A communication strategy centered around 3PM was 
carefully designed to align with citizen’s related knowledge, 
interests, and opinions.

Our aim was to employ artistic forms of expression, 
to convey this theme and stimulate public interest, thus 
enhancing health literacy. Furthermore, we sought to cul-
tivate critical thinking and elevate public enthusiasm for 

science, through content dissemination, thereby fostering a 
more engaged society that is attuned to the profound impacts 
of the rapid growth of scientific knowledge with invoked 
or real medical applications. In the context of the project, 
different forms of artistic expression were used to commu-
nicate genomic medicine: an illustrated book and theater 
performances.

Illustrated book

The use of artistic languages, such as visual storytelling and 
illustration, has been recognized as a highly valuable tool for 
conveying scientific concepts in a simple and engaging man-
ner to society [41]. In pursuit of this objective, a multidisci-
plinary team was assembled to develop a co-creation strat-
egy for an illustrated book on genomic medicine (Fig. 2). 
This effort involved organizing meetings with experts from 

Fig. 2   Cover of the book “Medicina Genómica: Um Breve Guia Ilus-
trado.” This book covers fundamentals, study methods, and applica-
tions of genomics. It was written aiming at promoting citizens’ lit-
eracy and scientific culture, to support more informed decisions in 
the framework of 3PM. The use of artistic languages, such as visual 
storytelling and illustration, has been recognized as a highly valuable 
tool for conveying scientific concepts in a simple and engaging man-
ner to society. The book was published as an open access publication 
in Portuguese [42]
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diverse fields of knowledge, including scientific research, 
medicine, biomedical law, health economics, science com-
munication, and collaborating closely with the illustrator 
responsible for creating the book’s visuals. The creative 
process was the result of this collaborative work. A glos-
sary was written, describing the meaning of relevant words 
or processes to facilitate the reading and understanding of 
the book. The illustrated book was subsequently edited and 
published in open access [42].

Theater

One of the foremost challenges confronting modern science 
is the development of inventive approaches to engage society 
with scientific knowledge. In an effort to foster creativity and 
captivating modes of communication, the utilization of artis-
tic languages to delve into scientific topics has demonstrated 
immense promise. Theater serves as an illustrative example, 
as it possesses the ability to evoke emotions and bring atten-
tion to diverse concerns. This form of artistic expression, 
as a result, holds the potential to captivate individuals in 
particular subjects, including science, along with ethical, 
social, and political dimensions intertwined with it [43]. 
Taking advantage of this powerful tool for communicating 
science, two plays mainly directed to genetics and genom-
ics were produced by students and professionals in artistic 
studies, entitled “Genetic Manipulations” and “Alice and 
the Wonders of Genes.” The plays were presented at the 
University of Coimbra.

Responses to a concise survey distributed to attendees of 
the theatrical performances suggest the plays contributed 
to bridging the gap between society and 3PM and indicate 
that plays had a positive impact on the perception of non-
specialist audiences. In alignment with prior research [43], 
we believe that this experience holds significant potential for 
enhancing health literacy. Further research should be con-
ducted with a larger and more diverse population sample 
and encompassing various themes addressed in the plays, 
to improve the perception of the impact.

Discussion and open questions

The discussion focuses on accomplishments that surpass the 
“state of the art,” by producing innovative materials relevant 
to areas inaccessible to much of the population, employing 
new communication methods, and adapting uninitiated solu-
tions to 3PM scope. The achievements include the following 
examples which surpass the “state of the art” and help to:

•	 Create a consortium for 3PM, by bringing together 
researchers from varied fields (health, business/econom-

ics, law, technology, and communication) from the three 
public universities of the “Centro” Region

•	 Devise a regional strategy that uses genomic tools to 
develop advanced healthcare, ensuring the Region main-
tains its international competitiveness in the healthcare 
sector within the framework of 3PM

•	 Train personnel with highly qualified laboratory skills
•	 Increase balanced regional distribution of technical 

knowledge on genomics
•	 Define and produce recommendations and three good 

practices handbooks
•	 Build capacities for personalized medicine through 

knowledge dissemination among health professionals
•	 Develop information technology resources
•	 Support the creation of start-ups
•	 Define legal and ethical requirements
•	 Disseminate knowledge and educational initiatives to 

health students, high school students, and the general 
public, aimed at promoting the understanding and appro-
priate use of personalized medicine

•	 Customize strategies to meet the needs of the specific 
target audience, addressing concerns expressed by civil 
society

•	 Form multidisciplinary teams to develop and implement 
projects

•	 Present complex concepts through simple narratives
•	 Leverage artistic techniques, like theater and illustration, 

to complement medical terminology and enhance com-
prehensibility of foundational concepts

The activities and outcomes mentioned earlier align 
seamlessly with the strategic options outlined for health by 
the “Centro” Region. As a health innovation leader, it was 
necessary to develop frameworks that facilitate the wide-
spread use of predictive, preventive, and personalized medi-
cine. The project was an apt and timely tool to achieve this 
goal. The results are consistent with the project’s ambitious 
vision.

Considering that the “Centro” Region of Portugal reg-
istered the lowest percentage of young people (0–14 years) 
(11.8%) and, along with the “Alentejo” Region, the highest 
percentage of elderly population (27.0%) [44], this project is 
also relevant for this Region, namely, taking in account the 
preventive dimension of 3PM. Preventive medicine is a cor-
nerstone of health system sustainability and improved quality 
of life, providing populations with more healthy years of life, 
namely, through suboptimal health status approaches in the 
3PM framework [45]. This approach allows the identification 
of early phases of diseases, e.g., reversible stage of chronic 
diseases, even before clinical manifestations take hold.

Investing in projects aimed at developing advanced med-
ical services in the framework of 3PM utilizing genomic 
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tools in health sectors such as cancer, metabolic, and res-
piratory diseases can also yield a favorable return on invest-
ment. This is due to the positive externalities they generate, 
including the reduction of ineffective treatments and adverse 
drug reactions at both individual and population levels, the 
promotion of a more rational and efficient use of resources, 
an average increase in QALYs, and a relieving of pressure 
on national health services [17–23].

Open questions

Bearing in mind that effective and efficient adoption of 3PM 
as a common resource in health and healthcare demands 
more than just knowledge of genomic bases, other dimen-
sions must be considered to induce a change in people’s 
attitudes and knowledge. This includes recognizing citizens 
as stakeholders and managers of their health condition, not 
just customers or recipients of healthcare provision, pri-
oritizing the relevance of education in the broadest sense 
(including family, school, informal belonging spaces and 
their members, and the internet), addressing legal and ethi-
cal concerns, protecting health data, and valuing the role of 
patient organizations.

Concerning activities aimed at capacity building through 
health and healthcare literacy, it is important to temper 
enthusiasm with a clear statement of the methodologies we 
rely on. When it comes to 3PM that uses genomic tools, 
cautionary language should be employed:

•	 Although genetic information has the ability to person-
alize treatments based on individual expected response 
to a therapeutic molecule, it is important to consider the 
expression of genetic information and environmental 
factors, as these can impact the outcomes. Therefore, 
achieving a desired outcome necessitates consideration 
of personal genetic data and its anticipated or confirmed 
expression, as well as potential interactions among 
expressed gene products involved in a specific drug’s 
metabolism and relevant environmental factors

•	 Furthermore, one must also be aware of the comparative 
constraints of developing advanced medical services in 
the framework of 3PM utilizing genomic tools in con-
trast to multi-omics research, particularly when targeting 
the identification of genes, RNA, proteins, metabolites, 
and medical imaging [46]. Multi-omic studies enable the 
detection of a wider range of biomarkers, which enhances 
the possibility of identifying new drug targets and predic-
tive, diagnostic, or prognostic indicators for treatment 
stratification, early detection, or estimation of patient 
clinical outcome. This is highly relevant to disease pre-
diction and prevention, as demonstrated for tumors [46]

The preliminary survey conducted among second-
ary school students indicates that the illustrated book on 
Genomic Medicine has the potential to enhance knowledge 
in genomic medicine by improving 3PM literacy. After read-
ing this book, there was a noticeable increase in the number 
of correct responses relative to prior assessments. However, 
a larger survey is required to formulate more conclusive 
results.

Regarding theater, responses to a short survey given to 
attendees of the performances suggest that the plays helped 
bridge the gap between society and 3PM, and that they had 
a positive impact on the perception of non-expert audiences. 
Consistent with previous research [43], we believe that this 
experience has significant potential for improving health lit-
eracy. Further research is necessary with a broader and more 
diverse population sample and incorporating various themes 
addressed in the plays to enhance the impact perception.

Conclusions, expert recommendations, 
and outlook

Aims and principles

Aimed at enhancing and expanding the use of 3PM in 
health and healthcare in the “Centro” Region of Portugal, 
our approach encompassed strategic planning and training 
in genomic testing, addressed ethical and legal concerns, 
developed approaches to support entrepreneurship and start-
ups creation, and fostered citizens’ education through con-
ventional and innovative approaches.

“Knowing to make lasting changes” was the fundamental 
principle we followed, namely, to define the axes and initia-
tives of a regional strategy to strengthen the implementation 
of 3PM.

Capacitation building to 3PM, through education 
and a cultural evolution

Only educated people—people who value what they use 
because they know what it means—can use a resource 
properly and get the most out of it. This is clearly the case 
when disease prediction, prevention, and early diagnosis are 
a primary goal. Changing people’s attitudes and behavior to 
value their own role in the process is the stepping stone to 
success [47]. For this reason, the project included an impor-
tant part of the effort to empower citizens to take greater 
responsibility for their health, when addressing approaches 
to increase 3PM literacy among health professionals, stu-
dents, and the general population.

Educated individuals who have an interest in health 
and healthcare are inclined to participate in health-related 
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matters, as they hold health, prevention, disease prediction, 
early diagnosis, and tailored treatment in high esteem.

Improved health and health literacy are crucial in achiev-
ing the goals of this project, necessitating ongoing educa-
tion to ready citizens for transformative approaches. Taking 
genomic testing as an illustration, individuals must under-
stand not only what a genetic test is but also its restrictions, 
hazards, advantages, and probable uncertainties [24]. This 
represents a cultural evolution.

Responses of people after attending theatrical perfor-
mances suggest the plays indicate they had a positive impact 
in the perception of issues associated with 3PM [43].

Two preliminary surveys indicated that certain 
approaches to boost literacy, specifically the reading of the 
book “Genomic Medicine” and watching theatrical pro-
ductions, were effective. However, further surveys must be 
conducted and evaluated in these and other areas to bolster 
conclusions or make necessary adjustments.

Outcomes on technical training 
and entrepreneurship

Adding significant value and bring about lasting transforma-
tive effects should result from the support aimed at develop-
ment of start-ups and knowledge transfer. Writing the good 
practices handbook on transfer of knowledge and entrepre-
neurship should also contribute to this goal.

In the same vein, we proceed with the training of human 
resources in genomic technologies and the writing of the 
good practices handbooks to serve as guidance in next-
generation sequencing and address ethics and legal issues.

A practical result has been already recorded as a recent 
creation of a start-up in the genomic field, associated with 
work carried out within the scope of our project.

Serving the shift of paradigm from reactive to 3PM 
needs continuity

The prevalence of reactive paradigm underlying nowadays 
organization of healthcare services raises avoidable suffer-
ing for patients, makes treatment more difficult or impossi-
ble and excessively burdens health budgets. In many ways, 
instead of a “National Health Service,” we have a “National 
Sickness Service.”

A paradigm shift from reactive to 3PM should reverse the 
harmful consequences of the reactive healthcare paradigm 
mentioned above and improve overall quality of medical ser-
vices, making them more effective and more efficient and 
available for any socio-economic group in the society [6–8].

The short duration of the project did not allow for consol-
idated results in some aspects but rather acted as a proof-of-
concept that deserves continuity to make it more effective.

Overcoming illiteracy is a continuous process that 
requires efforts to educate and inform citizens, enabling 
them to make conscious and responsible decisions in the 
demanding and challenging arena of 3PM. This is yet 
another strong reason to support and promote future devel-
opment in this field.

The relative novelty of 3PM approaches, the relative 
lack of personnel trained in genome research and analysis 
of results, the illiteracy in this area, the fact that the “Centro” 
Region is recognized as a leader in health innovation, and 
the successful creation of a large team bringing together 
researchers from the three public universities in the Region 
are additional reasons for setting up future projects to deepen 
and densify some of the results already recorded.

Furthermore, an effective and efficient implementation 
of 3PM should be a multicenter and multinational effort, 
requiring the creation of reference centers and the estab-
lishment of expanded networks for clinical, scientific, and 
economic reasons.

3PM is much more than sequencing the genome 
or the exome

Furthermore, we should stress that sequencing parts of the 
genome, the exome or even the whole genome of an indi-
vidual, are only a fraction of the technologies that should 
be implemented in the framework of 3PM. Genomic tools 
are relevant, but they are by far not the only resources 3PM 
is based on. 3PM is much more complex—that is a holistic 
attitude towards healthcare.

New initiatives intended to enable citizens to take 3PM 
should broaden the areas to be dealt with, namely:

•	 Multi-omics [46], in order to bolster predictive, preven-
tive, and personalized medicine

•	 And, having in mind the socio-economic burden of 
chronic diseases, valuing suboptimal health status 
approaches in the 3PM framework [45], should be help-
ful to identifying chronic diseases in a reversible stage, 
before clinical manifestations take hold
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