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Abstract 

Background The advent of Personalized Medicine (PM) holds significant promise in revolutionizing healthcare 
by tailoring treatments to individual patients based on their data. However, its successful implementation requires 
the seamless integration of innovative technologies and presents formidable challenges in terms of sustainability. 
To tackle these challenges head-on, the International Consortium for Personalized Medicine (ICPerMed) was estab-
lished, and the IC2PerMed project, as part of this consortium, seeks to foster collaboration between the European 
Union (EU) and China in the field of Personalized Medicine. Based on the results collected by the project, the objective 
of this study is to discern the key priorities for the implementation of Personalised Medicine concerning Information 
and Communication Technologies (ICT) and Big Data and digital solutions, with a particular emphasis on data man-
agement and protection.

Methods A Delphi survey was conducted to gather expert’s consensus on the main priorities for actions on Informa-
tion and Communication Technologies (ICT) and Big Data and digital solutions in the field of Personalized Medicine.

Results The survey identified seven priorities in the area of Big Data and digital solutions, including data interop-
erability, standards, security measures, and international partnerships. Additionally, twelve priorities were identi-
fied for the innovation-to-market process, emphasizing cost-effectiveness, need assessment, and value definition 
in resource allocation.

Conclusions The effective implementation of new technologies in Personalized Medicine research and practice 
is essential for the advancement of healthcare systems in both the European and Chinese contexts. The identified 
priorities play a pivotal role in promoting the sustainability of health systems and driving innovation in the implemen-
tation of Personalized Medicine. Addressing challenges related to data interoperability, standards, security, interna-
tional collaboration, cost-effectiveness, and value assessment is of utmost importance in order to propel the progress 
of Personalized Medicine in healthcare systems.

Keywords European Union, China, Big Data, ICT solutions, Innovation, funding, Personalised medicine

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Public Health

*Correspondence:
Marzia Di Marcantonio
marzia.dimarcantonio@unicatt.it
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-024-18009-8&domain=pdf


Page 2 of 11Beccia et al. BMC Public Health          (2024) 24:464 

Background
Personalized Medicine (PM) has promised to revolu-
tionize healthcare by tailoring prevention, diagnosis, 
and treatments through the collection of genotype and 
phenotype data adapted to specific individuals [1]. How-
ever, implementing PM requires that innovative tech-
nologies are adopted rather than rejected, which poses 
significant challenges regarding the sustainability of the 
process [2]. The implementation of Big Data and digital 
tools in health systems can improve their sustainability 
and have a positive impact on the quality of care, but the 
necessary transition to innovative digital tools is still far 
from being complete from the macro to the micro level, 
where their adoption is still fragmented [3, 4]. Involv-
ing stakeholders globally in defining shared research 
and development approaches, standards, and priorities 
should turn PM into an opportunity for all citizens and 
patients [5]. The study agenda of the European Commis-
sion (EC) places on these topics a high priority, facilitat-
ing in 2016 the creation of the International Consortium 
for Personalized Medicine (ICPerMed). The Consortium 
aims at developing financing initiatives and support 
measures, including the launch and funding of the initia-
tive "Integrating China in the International Consortium 
for Personalized Medicine" (IC2PerMed). IC2PerMed 
is seeking to address all the above-mentioned issues by 
enabling the development of a shared strategy for PM 
research, innovation, development, and application 
between the EU and China [6, 7]. These efforts were cou-
pled with the growing attention paid by China to digital 
health and innovation. In the 15-year plan called “Preci-
sion Medicine Initiatives”, China focused on the design of 
PM sector and envisioned the healthcare system reform 
by building it on new clinical life sciences technologies, 
large-scale cohort studies, Big Data platforms and infra-
structure, and sustainability [8].

The present work, created as part of IC2PerMed pro-
ject, seeks to identify, through a Delphi survey of experts, 
the priorities relating to the implementation of Informa-
tion and Communication Technologies (ICT) and Big 
Data in the PM scenario, in EU and China.

Methods
Three online workshops were organized as part of the 
IC2PerMed project to determine the priorities areas in 
PM. The choice of subjects addressed in the workshops 
is derived from an examination of the primary priorities 
outlined in the ’ICPerMed Vision for 2030,’ in conjunction 
with the most significant findings from a comprehensive 
mapping exercise pertaining to PM policies and initia-
tives in both Europe and China. The extensive details of 
the mapping outcomes can be found in the project pub-
lic deliverables, which are accessible on the IC2PerMed 

website, and related scientific papers [1, 3, 6, 7, 9, 10]. 
This manuscript presets the outcomes of one specific 
workshop, which delved into the essential guiding inquir-
ies pertaining to the utilization of Big Data and ICT solu-
tions for PM and the facilitation of innovation within 
the market to advance PM in both the European Union 
(EU) and China. A bottom-up and top-down strategy was 
used to identify the European and Chinese experts who 
would be invited in late 2020, and the result included 47 
experts, of which 37 from the EU and 10 from China. 
The methodology for expert recruitment is reported in 
a specific deliverable of the project ("List of WG mem-
bers and working procedures”) [11]. In summary, experts 
were identified through a top-down approach of identi-
fying experts in the field through publications, partner-
ships, and projects, and a bottom-up approach through 
an open call for experts on the project website and open, 
partner-led dissemination and communication activities 
along project developments. Despite the initial appear-
ance of this disparity as a potential concern, it has been 
determined that variations in response rates among dif-
ferent countries can be attributed to cultural factors and 
other relevant considerations, which do not substantially 
impact the collected results [12].

Prior to the workshop, participants were given a collec-
tion of guiding questions regarding the mapping exercise 
of European and Chinese policies in PM [13].

Following the identification of preliminary objectives, 
a two-round Delphi expert survey was conducted to 
reach consensus [14]. The survey consisted of 36 items, 
which were split into two sections and included 4 ques-
tions on demographic data, 15 questions on Big Data and 
ICT solutions, and 17 questions on bringing innovation 
to market. The survey was initially created in English and 
subsequently translated, also, into Chinese by an author-
ized translator to avoid potential language barriers or 
misinterpretations.

International experts with in-depth knowledge of the 
subject were asked to examine the items’ content and 
evaluate each one’s validity and applicability using a five-
point Likert scale (1 being strongly disagreed with and 5 
being strongly agreed with). Experts could offer extra pri-
orities based on their experience or provide feedback on 
the priorities presented during the Delphi rounds, thanks 
to a final open-ended question. The poll was revised after 
the first round, incorporating comments from each par-
ticipant, and sent back to the panel for the second round 
of consultation. Implementation of the Delphi took place 
between March and May of 2021. The entire process was 
carried out granting confidentiality, and participants 
were asked to disclose any potential conflicts of interest. 
Consensus was estimated in terms of Content Validity 
Index (CVI) [14, 15]. The CVI represents the proportion 
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of experts who rate a single item with a score of 4 or 5 
to the total number of experts engaged, and it ranges 
from 0 to 1, or from 0 to 100%. According to scientific 
literature, we determined that an agreement level of 80% 
was the threshold at which an item was deemed appro-
priate for inclusion; if it fell between 70 and 79%, it sug-
gested a need for item revision; and if the CVI was less 
than 70%, it indicated potential item removal [9, 16–20]. 
This tool was used to outline the final set of priorities, not 
to suggest an order of importance among them. There-
fore, all priorities included are to be considered equally 
important.

Results
Two topics were identified concerning innovation and 
market: 1) Big Data and ICT solutions; and 2) bring-
ing innovation to market. The Delphi survey flowchart 
is detailed in Fig.  1 and the final priorities are listed in 
Table 1

The priorities identified during the Delphi survey pro-
cess are hereby reported in the original topic where they 

were elaborated. They are reported together with a brief 
description to present them.

Big data and ICT solutions
Fifteen priorities were identified in the preliminary 
research. Five priorities were removed after the first Del-
phi round and three after the second round. Seven priori-
ties reached a consensus.

Priority 1: select big data and make them analysable, 
comparable, and interoperable across borders
With respect to the vast amount of data required to 
implement PM solutions and to the limited resources 
available to store them, there is the need to carefully 
identify the type of information to be retained, increas-
ingly favouring those related to health outcomes rather 
than information with no proven clinical or manage-
ment value. Data on biomarkers, genetic risk factors, 
disease outcomes, individual lifestyles, environmental 

Fig. 1 Delphi survey flowchart. 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 arrows refer to priorities that were included 
following experts’ suggestions or any significant inputs from the workshops
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factors, personal behaviour or medical treatment 
responses, all depend on the development of Big Data 
analytics that leads to similar outcomes, independently 
from the technological platform and algorithmic mod-
els applied, especially with regard to the integration of 
multivariate data structures. Since data accession is a 
common and complex problem to solve the entire data 
processing pipeline bottleneck, it is essential to study 
solutions to effectively combine data from different 
sources, focusing on their standardisation for practical 
usage.

Priority 2: consider data security measures when developing 
new ICT solutions
Handling health data requires strict security measures 
to ensure citizen ownership and privacy rights when 
deidentification techniques are not feasible or they 
lower the medical value for personalised approaches. 
Current data protection regulations should therefore 
be kept into consideration when developing new ICT 
solutions while also addressing potential future policies 
on data security measures. New ICT solutions should 
therefore be compatible with existing policy norms to 
ensure smooth adoption.

Priority 3: enforce the implementation and usage of data 
standards in Personalised Medicine
The amount of health data produced by everyday medi-
cal practice is increasing and promising for clinical and 
research purposes. However, the lack of data stand-
ards undermines the benefits that can derive from such 
data, limiting their use for secondary purposes and 
their exchangeability among different partners. The 
IC2PerMed expert panel concluded that data standardi-
sation efforts in Europe and China are essential for stake-
holders to benefit from increased data availability. In 
terms of standardisation, it is also necessary to identify 
responsible figures for data collection regarding PREMs 
(Patient Reported Experience Measures), PROMs 
(Patient Reported Outcome Measures) and CROMs (Cli-
nician Reported Outcome Measures).

Priority 4: adopt ICT solutions to health challenges globally, 
not just focusing on high‑income countries
The scarcity of financial resources might lead low- 
and middle-income countries to delay the adoption of 
ICT solutions or have them adopt different techno-
logical solutions than those in high-income countries. 
This heterogeneity could have adverse effects on data 

Table 1 Final priorities in Big Data and ICT solutions and Bringing innovation to the market

Topic Priority

Big Data 
and ICT 
solutions

1 Select Big Data and make them analysable, comparable, and interoperable across borders

2 Consider data security measures when developing new ICT solutions

3 Enforce the implementation and usage of data standards in Personalised Medicine

4 Adopt ICT solutions to health challenges globally, not just focusing on high-income countries

5 Foster global efforts and joint policies for creating safe zones for cross-border data sharing

6 Stimulate cooperation between academia and industry, facilitating data exchange procedures

7 Embrace the societal and cultural differences among countries with the aim of safeguarding public trust in government and state 
authorities

Bringing 
innovation 
to the mar-
ket

1 Ensure PM stakeholders follow shared principles and universal data sharing and exchange guidelines when using advanced diag-
nostics

2 Focus newly marketed solutions on maximising patient health outcomes

3 Assure that health insurance providers extend their coverage to innovative PM solutions and that the reimbursement of services 
is guaranteed

4 Reduce the economic costs and lower the barriers to the market uptake of personalised diagnostics

5 Intensify the dialogue between public health systems and the developers of PM solutions and products

6 Urge stakeholders to have a holistic and long-term perspective on the budget when placing priorities on innovation

7 Elaborate on cost-effectiveness and economic analysis models that consider the social and healthcare budgets

8 Extend the role of personalised diagnostics in sustainable medical treatment

9 There is a greater need for early, intense, coordinated, and continued crosstalk among all PM stakeholders to support breakthrough 
innovations

10 Reward innovations that aim for a higher therapeutic value and guide innovation efforts towards the most relevant areas

11 Develop methodologies to measure the social value of pharmaceutical products and systematically use such methods, e.g., 
in the context of health technology assessment

12 Keep into account the interconnection and mutual dependency between diagnostics and therapeutics
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exchangeability and the development of good practices, 
among other issues: to ensure a truly global development 
of PM, global harmonisation of adopted ICT infrastruc-
ture is crucial.

Priority 5: foster global efforts and joint policies for creating 
safe zones for cross‑border data sharing
Creating safe zones for a secure processing environment 
for protecting sensitive information remains a very inter-
esting prospect with great potential for PM research pur-
poses, both on the Chinese and the European sides. Both 
sides are working on "common health data spaces" to be 
launched soon, whose goal is to allow for safe sharing of 
health data, for primary and secondary purposes. Shared 
work and troubleshooting deriving from previous steps 
in implementing these projects could lead to benefits for 
both sides, avoiding effort duplication and reducing dead 
ends.

Priority 6: stimulate cooperation between academia 
and industry, facilitating data exchange procedures
Intensifying collaboration between academia and indus-
try by means of dedicated workshop events, shared con-
ferences, and similar, to elaborate strategies to use the 
data from electronic medical records, genomic, behav-
ioural, and environmental data more efficiently is crucial 
for getting the most benefit out of them. This collabora-
tion should bring together different forms of expertise 
and maximise value extraction from these data. To this 
purpose, the framework conditions for this collaboration 
must be improved and optimised to ensure that people 
working in different fields and with heterogeneous back-
grounds can contribute at their best.

Priority 7: embrace the societal and cultural differences 
among countries with the aim of safeguarding public trust 
in government and state authorities
Public trust in government and state authorities differs 
significantly among countries and strongly depends on 
their socio-historical contexts. Both on the Chinese and 
European sides, societal and cultural differences are often 
seen as a hurdle for international collaboration on PM. 
A global approach to public health must embrace dis-
crepancies and find ways to cooperate in Research and 
Innovation (R&I), tackling the cultural distance between 
Europe and China to ensure that collaboration and joint 
efforts don’t lead to the erosion of trust in government 
and state authorities, but rather serve as a catalyst for 
unanticipated opportunities.

Bringing innovation to market
Starting from 17 preliminary priorities, four priorities 
were eliminated, two were added during the first round, 

and three additional ones were excluded in the second 
round. Twelve priorities reached a consensus.

Priority 1: ensure PM stakeholders follow shared principles 
and universal data sharing and exchange guidelines 
when using advanced diagnostics
Advances in Big Data and ICT solutions led to ground-
breaking PM diagnostic innovations enabled by Arti-
ficial Intelligence (AI) models and machine learning. 
Such advanced diagnostics are highly dependent on 
health data available for elaboration, which is not 
always the case. Agreeing on a set of shared principles 
and universal guidelines on data sharing and exchange 
is crucial to ensure PM implementation in the health-
care system since the entire diagnostic process leans on 
the accessibility and availability of diverse and complex 
data sources.

Priority 2: focus newly marketed solutions on maximising 
patient health outcomes
The development of new solutions through transla-
tional clinical research is focussed on the regulatory 
approval process through national and international mar-
ket authorisation agencies. However, for a new solution 
to be in the hands of patients and to be applied in the 
healthcare system, downstream processes in the market 
uptake value chain are equally important, such as Health 
Technology Assessment (HTA) and elaboration of reim-
bursement mechanisms, either by adaptation of existing 
ones or creation of new ones. Ensuring innovators’ focus 
is shifted on generating value and maximising patient 
health outcomes, rather than getting their solutions 
approved, would avoid the development of solutions of 
doubtful value.

Priority 3: assure that health insurance providers extend 
their coverage to innovative PM solutions and that the 
reimbursement of services is guaranteed
Innovative PM solutions, such as Advanced Therapy 
Medicinal Products (ATMP) in the context of gene- or 
cell-based therapies, are often associated with high costs 
for research, development, and production. Their adop-
tion rate could rise by pushing an outcome-based reim-
bursement model on cost- and risk-sharing principles 
between the payer (e.g., health insurance) and the manu-
facturer. Having the manufacturers finance unsuccessful 
treatments themselves and receive reimbursement only 
upon patients responding to the therapeutic approach, 
potentially including success fees, would have a positive 
effect.
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Priority 4: reduce the economic costs and lower the barriers 
to the market uptake of personalised diagnostics
The promise of PM that patient stratification procedures 
lower the overall burden on the healthcare budget is key 
to its market uptake. The experts of Working Group 2 
have reached a consensus that personalised diagnostics 
should prove to be cost-efficient compared to conven-
tional diagnostics. This would in turn have a positive 
effect lowering the barriers to their market uptake.

Priority 5: intensify the dialogue between public health 
systems and the developers of PM solutions and products
R&I funding is key to incentivising the development of 
products and services that serve the interests of public 
health. However, identifying the needs of public health 
systems and communicating them adequately to prod-
uct developers should avoid the latter investing efforts 
and resources in solutions and products lacking adequate 
value. Building constructive and continuous dialogue 
with policymakers and public health actors involving 
funders, researchers, and developers, arranging work-
shops, seminars, and confrontation at conferences, can 
optimise efforts and resources towards public health 
goals.

Priority 6: urge stakeholders to have a holistic and long‑term 
perspective on the budget when placing priorities 
on innovation
Innovations brought by PM benefit the prevention, pre-
diction, and treatment of a number of diseases, bringing 
significant value to them. Nonetheless, the fact that R&I 
require long-term investments and efforts while often 
lacking returns in the short term could be discouraging 
to innovators. Finding solutions that would lower the 
negative short-term impact on the budget (e.g., financial 
incentives, such as tax deductions) would compensate for 
the lack of short-term benefits and incentivise innovation 
by recognising its added value in the long term.

Priority 7: elaborate on cost‑effectiveness and economic 
analysis models that consider the social and healthcare 
budgets
Innovations in citizens’ education and patient empower-
ment only show up as costs in the social budget, but their 
benefits will directly translate into gains in the healthcare 
budget through healthier individual lifestyles and there-
fore a lower probability of suffering from certain diseases. 
Having both budgets simultaneously in focus can yield 
a more complete perspective on innovations and help 
assess their cost-effectiveness better.

Priority 8: extend the role of personalised diagnostics 
in sustainable medical treatment
Tailoring medical treatment to individual patient profiles 
is the prime objective of implementing PM in healthcare 
systems. This would allow for choosing the best treat-
ment for the right patient at the right moment, increas-
ing the health benefits to the patient and removing harms 
deriving from unnecessary diagnostic procedures and 
therapeutic interventions. Advancing research in PM 
to enhance diagnostic accuracy is crucial. This includes 
developing and refining diagnostic methods to optimize 
resource utilization for prevention and elevate healthcare 
value, e.g., by means of increased investment in research 
and policy support advocacy.

Priority 9: there is a greater need for early, intense, 
coordinated, and continued crosstalk among all PM 
stakeholders to support breakthrough innovations
During workshop discussions, it was emphasized that the 
successful transition of research and development (R&D) 
investments into market innovations heavily relies on 
the active engagement of research and innovation (R&I) 
stakeholders. Particularly, involving actors from the cor-
porate sector significantly increases the likelihood of 
transforming investments into market-ready innovations. 
For PM to advance, a continuous and robust dialogue 
among stakeholders is essential to support ground-
breaking innovations. The European framework program 
for research and technological development, Horizon 
Europe, is actively pursuing this approach. A promi-
nent illustration of this strategy is the European Inno-
vation Council (EIC), which targets start-ups and Small 
Medium Enterprises (SMEs) within the private sector, 
providing support for innovations with the potential for 
breakthroughs and disruptive impact, aiming for scalable 
implementation.

Priority 10: reward innovations that aim for a higher 
therapeutic value and guide innovation efforts 
towards the most relevant areas
HTA often depends on the priorities of the national 
states, maintaining a balance between cost-effectiveness 
and therapeutic value of medical innovation rather than 
following universal principles to assess money alloca-
tion correctly. By contrast, funding programmes should 
encourage the pursuit of innovation in fields with a high 
therapeutic value for patients and citizens, guiding inno-
vation efforts towards the most relevant areas by means 
of increased and continuous communication aimed at 
addressing unmet needs and rewarding those who follow 
the directions given.
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Priority 11: develop methodologies to measure the social 
value of pharmaceutical products and systematically use 
such methods, e.g., in the context of health technology 
assessment
The benefit deriving from the implementation of specific 
pharmaceutical interventions should not be only quan-
tified economically, as this does not consider other fac-
tors deriving from the complex environment and their 
numerous consequences on patients. On the contrary, 
HTA and other evaluation methodologies should keep 
into account non-monetary factors, including a wide 
range of social, psychological, and ethical aspects, among 
others.

Priority 12: keep into account the interconnection and mutual 
dependency between diagnostics and therapeutics
R&I actors from the diagnostics and therapeutics fields 
are highly dependent on each other’s work. Nonetheless, 
the collaboration between different fields is often lower 
than needed, leading to missed opportunities and slower 
improvement in fields where they come together. This 
close interdependence between diagnostics and thera-
peutics is also reflected in the most recent updates in 
coding for healthcare reimbursement proposed by inter-
national bodies such as the World Health Organization 
(WHO): the current trend is to favour reimbursement 
systems aimed at interventions identified in their entirety 
over individual diagnostic or therapeutic services. In this 
sense, the shift toward this more holistic and inclusive 
view of health interventions could play a favourable role 
in including PM tools in reimbursement systems.

Discussion
The fields considered by this position paper are broad.

Data management, including data exchange, global 
data standards, data privacy, security, and trust, is crucial 
to effectively manage and use data in the healthcare sec-
tor, especially within the transition to PM. In particular, 
the emerged priorities highlight the importance of stand-
ardising data exchange and implementing global data 
standards to facilitate efficient and accurate sharing of 
information across borders and organisations, primarily 
to facilitate their use for secondary purposes. This issue 
is currently addressed in the European Union (EU) and 
China, with policies and guiding opinions regulating 
health and medical Big Data use [3].

As PM relies on the ability to store, merge, and access 
large amounts of data without compromising privacy and 
safety, recent policies have been dedicated to address-
ing these concerns [21]. In the EU, emphasis was placed 
on ensuring data FAIRness (Findability, Accessibility, 
Interoperability, and Reusability), providing a Euro-
pean Interoperability Framework for electronic health 

records (EHRs) and digital health applications within and 
between member states, and establishing a single data 
market [22]. This will result in the creation of a common 
European Health Data Space to address health-specific 
challenges to electronic health data access and sharing, 
to be accessed by natural persons, researchers, clinicians 
and policy makers to support use of health data for bet-
ter healthcare delivery, research, innovation, and policy 
making, as well as to make health and genetic data avail-
ability in electronic format homogeneous to different 
Member States [23]. Meanwhile, China’s Guiding Opin-
ions on Promoting and Regulating the Development of 
Big Data Applications for Health Care Policy in 2016 set 
clear rules for data governance, including the creation of 
a national platform for collecting, organizing, and storing 
health data at national, provincial, municipal, and county 
levels, as well as integrating it with other data sources 
and removing any barriers [3, 24].

The use of data in healthcare has improved and 
changed over time: more data is being captured and ana-
lysed than ever before, and researchers are now captur-
ing substantially more data relative to the phenomenon 
they are studying. Collecting data comprehensively offers 
an improvement in information and using more data rou-
tinely is better than using less. Alongside with national 
disease registries, medical researchers will collect and 
analyse more comprehensive data from the population, 
allowing studies on the entire population rather than on 
samples [25]. Furthermore, enhancing standards for data 
availability can result in more significant benefits. Con-
sidering the imminent enactment or amendment of sec-
toral legal instruments pertaining to health-related data, 
as well as the adoption of self-regulations and policies 
that take into account international guidelines, the regu-
lation of cross-border sharing of genomic data in China 
will be supported by more precise standards. However, it 
is likely to remain compartmentalised and multi-layered 
[24].

Both the EU and China have recognised the impor-
tance of protecting the data collected by applying a strict 
legal framework. In the EU, the General Data Protection 
Regulation (GDPR) [26] represents the most advanced 
legislation on EU data regulation, processing, and free 
movement to date, it became applicable across all EU 
Member States on May 25, 2018 and classifies data con-
cerning health in Recital 3522 as personal data related to 
the physical or mental health of a data subject including 
the provision of health care services; additional princi-
ples regarding health data are detailed within the Coun-
cil conclusions on Health in the Digital Society 2017/C 
440/05 [27]. More recently, the EU Data Governance Act 
introduced secure processing environments, that are a 
processor-implemented method for a secure processing 
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environment for protecting sensitive information is pro-
vided [28].

Similarly, in China’s Personal Information Protection 
Law (PIPL), health data, genetic data, and biometric 
data afford higher levels of data protection [29]. Both the 
GDPR and the PIPL have extraterritorial reach, but they 
differ in their emphasis. The GDPR primarily considers 
the location of the business establishment, while the PIPL 
focuses on where the personal information processing 
occurs. While both regulations share similar definitions 
for general personal information and individual rights, as 
well as key roles and legal bases for processing personal 
information, the PIPL has a broader scope for what con-
stitutes "sensitive" personal information compared to the 
GDPR’s "special category" data. It also excludes anony-
mous information from the definition of personal infor-
mation. Additionally, the PIPL requires specific consent 
for processing personal information in certain situations, 
such as sensitive personal information or cross-border 
data transfer activities.

There are significant disparities in the assessment of 
cross-border data transfer requirements. Unlike the 
GDPR, which has relatively few limitations on data flow 
and transfer, China imposes stricter requirements under 
the PIPL, as well as other laws like the Cybersecurity 
Law and the Data Security Law. For instance, under 
these laws, personal information collected by “Critical 
Information Infrastructure Operators” must be stored 
within China unless a national security assessment is 
passed. Furthermore, regulations such as the "Measures 
for the Security Assessment of Outbound Data (Expo-
sure Draft)" and the "Cybersecurity Review Measures" 
specify thresholds for the amount of personal informa-
tion that can be transferred before a security assessment 
is necessary.

While these laws and regulations may initially suggest 
that cross-border data transfer is challenging in China, 
the PIPL allows it under certain conditions, pending 
further clarification from authorities. These conditions 
include passing a security assessment organized by the 
Cyberspace Administration of China (CAC), certifica-
tion by a specialized agency for PI protection according 
to CAC provisions, and entering into a contract with 
overseas recipients using a standard contract template 
provided by the CAC [29]. The absence of a universally 
adopted and consistently executed medical terminol-
ogy system poses a significant obstacle to utilizing big 
data in medical research. This issue was addressed dur-
ing the workshops, and many related concerns emerged: 
for instance, although the National Health and Family 
Planning Commission mandated the use of the Inter-
national Classification of Diseases (ICD-9, and more 
recently ICD-10) for all hospital patients since 2002, the 

proliferation of hospital information systems has resulted 
in various inconsistencies in the coding of other clini-
cal terms beyond diagnosis and procedures, leading to 
challenges in data exchange and reimbursement in coun-
tries where the DRG system is in place. In China, widely 
acknowledged terminology systems like the Systematized 
Nomenclature of Medicine–Clinical Terms (SNOMED 
CT) [30], the Unified Medical Language System (UMLS) 
[31], or the General Architecture for Languages, Ency-
clopaedias, and Nomenclatures in Medicine (GALEN) 
[32] are not accessible. By incorporating and distribut-
ing key terminology, classification, and coding standards 
in medicine, these systems can promote more effective 
and interoperable biomedical information systems and 
services, including electronic health records. However, 
additional efforts are required to bridge the linguis-
tic disparities between Chinese and English beyond the 
current translation of terms [33]. To facilitate collabora-
tion and foster initiatives between the EU and China, it 
is imperative to acknowledge and tackle the linguistic 
disparities that exist between the Chinese and English 
languages. Specifically, attention must be given to the 
challenges associated with various Chinese dialects and 
regions where classical Chinese writing is still prevalent. 
These factors introduce notable deviations from stand-
ard Chinese, consequently intensifying the complexity of 
bridging language barriers. Thus, it becomes essential to 
address these distinctive linguistic challenges as a crucial 
stride towards nurturing effective communication and 
fostering harmonious cooperation. This involves moving 
beyond the mere translation of terms towards establish-
ing a common lexicon, classification, and coding stand-
ards [34].

The identified priorities also address the importance 
of innovation incentives and the factors underpinning 
market uptake and adoption. These factors might include 
consumer demand, regulatory requirements, or the avail-
ability of supporting infrastructure. By understanding 
these factors, innovators can better position their prod-
ucts for market success. However, developing innovative 
products can be expensive, thus it is essential to under-
stand the potential return on investment before commit-
ting significant resources. Need assessment should be 
thoroughly carried out in the economic evaluation.

A major challenge for the future is to integrate genetic 
data with other types of information, including lifestyle 
and environmental factors and their influence on genes 
and biohumoral data, within a holistic approach that can 
improve the traditional practice of symptom-based medi-
cine. The study of the exposome, that is, the relation-
ships between a person and the environment, can enable 
earlier interventions and personalized treatments using 
advanced diagnostics [34].



Page 9 of 11Beccia et al. BMC Public Health          (2024) 24:464  

The identified priorities constitute a framework for 
addressing future efforts on the causes of suboptimal col-
laboration and planning additional initiatives to develop 
strategic actions. PM can improve patients’ quality of 
life by facilitating diagnosis, therapy, and care while 
reducing long-term costs associated with inappropriate 
diagnoses or ineffective therapies within the healthcare 
system [35]. Adopting this approach will make it feasi-
ble to enhance budgetary oversight and allocate essential 
resources towards the relevant domain [35]. To foster 
and promote collaboration in PM regarding Big Data and 
ICT solutions, European and Chinese policymakers and 
stakeholders can support breakthrough innovations and 
develop solutions by collaborating and sharing informa-
tion and resources. They can work together to create 
policies that promote research and development in PM, 
provide funding for research, and support the devel-
opment of innovative technologies and tools. It would 
be possible to ensure that policies and regulations are 
aligned with the needs and concerns of patients, health-
care providers, and the broader public. This can involve 
engaging with patient advocacy groups, industry associa-
tions, and academic institutions to understand their per-
spectives and needs.

The results of this work are to be considered in the light 
of strengths and limitations. The aim of this work was to 
identify priorities for action to create common ground 
for policy development, and to identify needs and new 
perspectives. The rigorous methodology of the project, 
based on extensive literature research, workshops, inter-
national comparisons and constant dialogue between the 
parties aims to fill a gap in the scientific literature on the 
most relevant areas to be addressed in PM. Therefore, 
this work provides, in our opinion, important food for 
thought and action for policymakers and the health care 
world, through an international perspective of collabora-
tion and support.

Nevertheless, it is possible that the described priori-
ties are not exhaustive of the subject matter, probably due 
to the lack of key documents during the search phase or 
due to the cultural and working background of the par-
ticipants and experts. Furthermore, it should be empha-
sised that the project looks at the European and Chinese 
perspective, so the results may not be representative for 
other countries. In addition, we supported the goodness-
of-fit of the EU-China pairing by exploring the topic in an 
introductory meeting with partners from both countries, 
trying to highlight the state of the art of PM in the two 
countries and the policy, social, and health frameworks in 
order to make the conclusions valid for both sides. How-
ever, it is possible that differences between the two coun-
tries influenced the results, and we did not take these 
potential issues into account in the analysis of the Delphi 

results. It is also possible that some priorities are more 
relevant in the European context and others in the Chi-
nese context, suggesting a nation-specific scale of impor-
tance. However, this aspect, discussed during the project, 
was considered unimportant considering the broad scope 
of the priorities presented.

Furthermore, we adopted a perspective that is tech-
nology-agnostic, meaning it doesn’t rely on or prioritize 
specific technologies. This approach allows for flexibil-
ity in deployment based on specific needs rather than 
being tied to particular tools or platforms. By adopting 
a technology-agnostic perspective, we could focus more 
on solving problems or addressing requirements without 
being constrained by the limitations or dependencies of 
particular technologies. This flexibility is particularly val-
uable in rapidly evolving fields where new technologies 
may emerge, or where the best solution may vary based 
on the context. These aspects were particularly valuable 
in taking into account the different expertise on the PM 
scenario brought by the experts involved and the differ-
ent legislative and socio-cultural context in Europe and 
China.

Conclusions
The priorities in this Position Paper aim to serve as 
a guide for decision-makers in the healthcare sector 
to maximise value creation to better implement ICT 
and Big Data solutions in the health systems. Although 
not comprehensive of all the criticalities that should be 
addressed, the literature mapping exercise and the fol-
lowing expert consultation have provided some of the 
most pressing issues. Despite not pretending to encom-
pass all possible aspects, this paper should be regarded as 
an effort to assist policymakers in their decision-making 
process and encourage healthcare professionals, industry 
leaders, and researchers to join their efforts for shared 
profit and mutual benefit.

Abbreviations
AI  Artificial Intelligence
ATMP  Advanced Therapy Medicinal Products
CROMs  Clinician Reported Outcome Measures
CVI  Codex Valid Index
EHRs  Health records
EIC  European Innovation Council
EU  European Union
FAIRness  Findability, Accessibility, Interoperability, and Reusability
GALEN  General Architecture for Languages, Encyclopaedias, and 

Nomenclatures in Medicine
GDPR  General Data Protection Regulation
HTA  Health Technology Assessment
ICT  Information and Communication Technologies
PIPL  Personal Information Protection Law
PM  Personalized Medicine
PREMs  Patient Reported Experience Measures
PROMs  Patient Reported Outcome Measures
R&I  Research and Innovation



Page 10 of 11Beccia et al. BMC Public Health          (2024) 24:464 

SMEs  Small Medium Enterprises
SNOMED CT  Systematized Nomenclature of Medicine–Clinical Terms
UMLS  Unified Medical Language System
WHO  World Health Organization

Acknowledgements
We would like to thank Dr. Bettina Ryll from the Melanoma Patient Network 
Europe and Dr. Timo Strohäker from Steinbeis Europa Zentrum

Authors’ contributions
Flavia Beccia, Francesco Andrea Causio and Marzia di Marcantonio extracted 
the information from the pre-existing documents and drafted and revised the 
manuscript. Lili Wang, Stefania Boccia, Chiara Cadeddu, Ilda Hoxhaj, and Walter 
Ricciardi revised the manuscript. All authors read and accepted the final ver-
sion of the manuscript.

Funding
This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under grant agreement N. 874,694, 
and from the Chinese MOST Intergovernmental Project of National Key R&D 
programme under grant N. 2021YFE0192400.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article and available on reasonable request.

Declarations

Ethics approval and consent to participate
All the experiments in the study were conducted in accordance to the rel-
evant guidelines and regulations in accordance to the Declaration of Helsinki. 
This study protocol was reviewed and approved by Ethics Committee of 
FPG (Fondazione Policlinico Universitario A. Gemelli), approval number 5249. 
Written informed consent to participate was obtained from participants to 
participate in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Section of Hygiene, University Department of Life Sciences and Public Health, 
Università Cattolica del Sacro Cuore, Roma, Italia. 2 Faculty of Economics, 
Università Cattolica del Sacro Cuore, Rome, Italy. 3 Steinbeis Europa Zentrum 
(SEZ), Stuttgart, Germany. 4 BGI-Shenzhen, Shenzhen, CN, China. 5 Department 
of Woman and Child Health and Public Health, Fondazione Policlinico Univer-
sitario A. Gemelli IRCCS, Roma, Italia. 

Received: 12 July 2023   Accepted: 6 February 2024

References
 1. Beccia F, Hoxhaj I, Castagna C, Strohäker T, Cadeddu C, Ricciardi W, et al. 

An overview of Personalized Medicine landscape and policies in the 
European Union. Eur J Public Health. 2022;32(6):844–51.

 2. Goetz LH, Schork NJ. Personalized medicine: motivation, challenges, and 
progress. Fertil Steril. 2018;109(6):952–63.

 3. Causio FA, Hoxhaj I, Beccia F, di Marcantonio M, Strohäker T, Cadeddu C, 
et al. Big data and ICT solutions in the European Union and in China: A 
comparative analysis of policies in personalized medicine. Digit Health. 
2022;8:20552076221129060.

 4. Ngiam KY, Khor IW. Big data and machine learning algorithms for health-
care delivery. Lancet Oncol. 2019;20(5):e262–73.

 5. International Consortium for Personalised Medicine - ICPerMed. Available 
from: https:// www. icper med. eu/. cited 2023 Mar 17.

 6. IC2PerMed – Integrating China in the International Consortium for 
Personalised Medicine. Available from: https:// www. ic2pe rmed. eu/. cited 
2023 Mar 17.

 7. Morsella A, Cadeddu C, Castagna C, Hoxhaj I, Sassano M, Wang CM, et al. 
‘Integrating China in the International Consortium for Personalized Medi-
cine’: The Coordination and Support Action to Foster Collaboration in 
Personalized Medicine Development between Europe and China. Public 
Health Genomics. 2021;24(5–6):310–4.

 8. Tan X, Zhang Y, Shao H. Healthy China 2030, a breakthrough for improv-
ing health. Glob Health Promot. 2019;26(4):96–9.

 9. Beccia F, Causio FA, Hoxhaj I, Huang HY, Wang L, Wang W, et al. Integrat-
ing China in the international consortium for personalised medicine. 
a position paper on healthcare professionals’ education and citizens’ 
empowerment in personalised medicine. BMC Med Educ. 2023;23(1):438.

 10. Hoxhaj I, Beccia F, Morsella A, Cadeddu C, Ricciardi W, Boccia S. A survey 
of experts on personalized medicine landscape in European Union and 
China. BMC Health Serv Res. 2023;23(1):517.

 11. CORDIS | European Commission. Integrating China in the International 
Consortium for Personalised Medicine | IC2PerMed Project | Results | 
H2020. Available from: https:// cordis. europa. eu/ proje ct/ id/ 874694/ resul 
ts. cited 2023 Sep 20.

 12. Harzing AW. Cross-National Industrial Mail Surveys: Why Do Response 
Rates Differ between Countries? Ind Mark Manag. 2000;29(3):243–54.

 13. Publications & public deliverables – IC2PerMed. Available from: https:// 
www. ic2pe rmed. eu/ publi catio ns- public- deliv erabl es-2/. cited 2023 Mar 
17.

 14. Niederberger M, Köberich S, members of the DeWiss Network. Coming to 
consensus: the Delphi technique. Eur J Cardiovasc Nurs. 2021;20(7):692–5.

 15. Defining consensus: a systematic review recommends methodologic 
criteria for reporting of Delphi studies - PubMed. Available from: https:// 
pubmed. ncbi. nlm. nih. gov/ 24581 294/. cited 2023 Mar 19.

 16. Zaçe D, Hoxhaj I, Pasciuto T, Diakanthos M, Beccia F, Di Pietro ML, et al. 
The Development and Validation of a Questionnaire to Investigate the 
Association Between Maternal Food Insecurity and Fetal Structural 
Anomalies: Delphi Procedure and Pilot Study. Matern Child Health J. 
2023;27(9):1518–28.

 17. Taylor E. We Agree, Don’t We? The Delphi Method for Health Environ-
ments Research. HERD Health Environ Res Des J. 2020;13(1):11–23.

 18. Stewart D, Gibson-Smith K, MacLure K, Mair A, Alonso A, Codina C, et al. 
A modified Delphi study to determine the level of consensus across the 
European Union on the structures, processes and desired outcomes 
of the management of polypharmacy in older people. PLoS ONE. 
2017;12(11):e0188348.

 19. Beiderbeck D, Frevel N, von der Gracht HA, Schmidt SL, Schweitzer 
VM. Preparing, conducting, and analyzing Delphi surveys: Cross-
disciplinary practices, new directions, and advancements. MethodsX. 
2021;1(8):101401.

 20. Tolsgaard MG, Todsen T, Sorensen JL, Ringsted C, Lorentzen T, Ottesen 
B, et al. International multispecialty consensus on how to evalu-
ate ultrasound competence: a Delphi consensus survey. PLoS ONE. 
2013;8(2):e57687.

 21. Pastorino R, De Vito C, Migliara G, Glocker K, Binenbaum I, Ric-
ciardi W, et al. Benefits and challenges of Big Data in healthcare: 
an overview of the European initiatives. Eur J Public Health. 
2019;29(Supplement_3):23–7.

 22. Communication from the Commission to the European Parliament, the 
Council, the European Economic and Social Committee and the Com-
mittee of the Regions. A European strategy for data. 2020. Available from: 
https:// eur- lex. europa. eu/ legal- conte nt/ EN/ TXT/? qid= 15825 51099 377& 
uri= CELEX% 3A520 20DC0 066

 23. Proposal for a regulation of the European parliament and of the council 
on the European Health Data Space. 2022. Available from: https:// eur- lex. 
europa. eu/ legal- conte nt/ EN/ TXT/? uri= CELEX% 3A520 22PC0 197

 24. Chen Y, Song L. China: concurring regulation of cross-border genomic 
data sharing for statist control and individual protection. Hum Genet. 
2018;137(8):605–15.

 25. Mayer-Schönberger V, Ingelsson E. Big Data and medicine: a big deal? J 
Intern Med. 2018;283(5):418–29.

 26. EUR-Lex - 32016R0679 - EN - EUR-Lex. Available from: https:// eur- lex. 
europa. eu/ eli/ reg/ 2016/ 679/ oj. cited 2023 Sep 20.

https://www.icpermed.eu/
https://www.ic2permed.eu/
https://cordis.europa.eu/project/id/874694/results
https://cordis.europa.eu/project/id/874694/results
https://www.ic2permed.eu/publications-public-deliverables-2/
https://www.ic2permed.eu/publications-public-deliverables-2/
https://pubmed.ncbi.nlm.nih.gov/24581294/
https://pubmed.ncbi.nlm.nih.gov/24581294/
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1582551099377&uri=CELEX%3A52020DC0066
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1582551099377&uri=CELEX%3A52020DC0066
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022PC0197
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022PC0197
https://eur-lex.europa.eu/eli/reg/2016/679/oj
https://eur-lex.europa.eu/eli/reg/2016/679/oj


Page 11 of 11Beccia et al. BMC Public Health          (2024) 24:464  

 27. Council conclusions on Health in the Digital Society — making progress 
in data-driven innovation in the field of health - Publications Office of the 
EU. Available from: https:// op. europa. eu/ en/ publi cation- detai l/-/ publi 
cation/ 9d2c8 cd4- e61a- 11e7- 9749- 01aa7 5ed71 a1/ langu age- en. cited 
2023 Sep 20.

 28. Regulation (EU) 2022/868 of the European Parliament and of the Council 
of 30 May 2022 on European data governance and amending Regulation 
(EU) 2018/1724 (Data Governance Act) (Text with EEA relevance). OJ L 
May 30, 2022. Available from: http:// data. europa. eu/ eli/ reg/ 2022/ 868/ oj/ 
eng

 29. 中华人民共和国个人信息保护法. Available from: https:// www. gov. cn/ 
xinwen/ 2021- 08/ 20/ conte nt_ 56324 86. htm. cited 2024 Jan 28.

 30. SNOMED International. Home. Available from: https:// www. snomed. org. 
cited 2023 Sep 20.

 31. Unified Medical Language System (UMLS). U.S. National Library of Medi-
cine;. Available from: https:// www. nlm. nih. gov/ resea rch/ umls/ index. html. 
cited 2023 Sep 20.

 32. Trombert-Paviot B, Rodrigues JM, Rogers JE, Baud R, van der Haring E, 
Rassinoux AM, et al. GALEN: a third generation terminology tool to sup-
port a multipurpose national coding system for surgical procedures. Int J 
Med Inf. 2000;58–59:71–85.

 33. Zhang L, Wang H, Li Q, Zhao MH, Zhan QM. Big data and medical 
research in China. BMJ. 2018;5(360):j5910.

 34. Romagnuolo I, Mariut C, Mazzoni A, de Santis G, Moltzen E, Ballensiefen 
W, et al. Sino-European science and technology collaboration on per-
sonalized medicine: overview, trends and future perspectives. Pers Med. 
2021;18(5):455–70.

 35. Johnson KB, Wei WQ, Weeraratne D, Frisse ME, Misulis K, Rhee K, et al. 
Precision Medicine, AI, and the Future of Personalized Health Care. Clin 
Transl Sci. 2021;14(1):86–93.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://op.europa.eu/en/publication-detail/-/publication/9d2c8cd4-e61a-11e7-9749-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/9d2c8cd4-e61a-11e7-9749-01aa75ed71a1/language-en
http://data.europa.eu/eli/reg/2022/868/oj/eng
http://data.europa.eu/eli/reg/2022/868/oj/eng
https://www.gov.cn/xinwen/2021-08/20/content_5632486.htm
https://www.gov.cn/xinwen/2021-08/20/content_5632486.htm
https://www.snomed.org
https://www.nlm.nih.gov/research/umls/index.html

	Integrating China in the International Consortium for Personalised Medicine: a position paper on innovation and digitalization in Personalized Medicine
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Results
	Big data and ICT solutions
	Priority 1: select big data and make them analysable, comparable, and interoperable across borders
	Priority 2: consider data security measures when developing new ICT solutions
	Priority 3: enforce the implementation and usage of data standards in Personalised Medicine
	Priority 4: adopt ICT solutions to health challenges globally, not just focusing on high-income countries
	Priority 5: foster global efforts and joint policies for creating safe zones for cross-border data sharing
	Priority 6: stimulate cooperation between academia and industry, facilitating data exchange procedures
	Priority 7: embrace the societal and cultural differences among countries with the aim of safeguarding public trust in government and state authorities

	Bringing innovation to market
	Priority 1: ensure PM stakeholders follow shared principles and universal data sharing and exchange guidelines when using advanced diagnostics
	Priority 2: focus newly marketed solutions on maximising patient health outcomes
	Priority 3: assure that health insurance providers extend their coverage to innovative PM solutions and that the reimbursement of services is guaranteed
	Priority 4: reduce the economic costs and lower the barriers to the market uptake of personalised diagnostics
	Priority 5: intensify the dialogue between public health systems and the developers of PM solutions and products
	Priority 6: urge stakeholders to have a holistic and long-term perspective on the budget when placing priorities on innovation
	Priority 7: elaborate on cost-effectiveness and economic analysis models that consider the social and healthcare budgets
	Priority 8: extend the role of personalised diagnostics in sustainable medical treatment
	Priority 9: there is a greater need for early, intense, coordinated, and continued crosstalk among all PM stakeholders to support breakthrough innovations
	Priority 10: reward innovations that aim for a higher therapeutic value and guide innovation efforts towards the most relevant areas
	Priority 11: develop methodologies to measure the social value of pharmaceutical products and systematically use such methods, e.g., in the context of health technology assessment
	Priority 12: keep into account the interconnection and mutual dependency between diagnostics and therapeutics


	Discussion
	Conclusions
	Acknowledgements
	References


