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DESCRIPTION OF THE COST ACTION
1.

S&T EXCELLENCE

1.1.

Challenge

1.1.1. Description of the Challenge (Main Aim)
Human health and disease are characterized by a complex interplay of multiple factors from the
genome to the exposome. For many complex diseases, a sufficiently detailed understanding of the
underlying mechanisms has remained elusive, and therefore the development of effective cures
continues to be major challenge. As a result, the socioeconomic burden (morbidity, mortality,
financial cost) of complex diseases remains high and is likely to grow within Europe’s aging
population. Systems medicine is an emerging interdisciplinary framework that aims to improve our
understanding, prevention and treatment of complex diseases by integrating knowledge and data
across multiple levels of biomedical organization. The clinical and societal drivers of systems
medicine include (i) predictive, preventive, personalized and participatory medicine (P4 medicine);
(ii) drugs and vaccines combined with patient stratification approaches; (iii) biomarkers and their
multi-dimensional combination; (iv) rational design of therapies; (v) reduction of healthcare costs.
The ultimate challenge and vision of multiscale systems medicine is a radical paradigm shift from a
scale-specific reductionistic medicine to multiscale systems medicine.
The main specific S&T challenge of this COST Action has two elements:
(A) To develop novel multiscale systems medicine concepts, methods and technologies that provide
effective, efficient and economical solutions for emerging and future approaches to multiscale
systems medicine.
(B) To develop a transdisciplinary multiscale systems medicine framework that integrates systems
medicine, multiscale modelling, multiscale data science, and multiscale computing.
This Action emphasises a transdisciplinary approach across the four main “multiscale” S&T areas:
systems medicine, multiscale modelling, multiscale data science, and multiscale computing. In a
multidisciplinary domain, researchers work in parallel or sequentially from a disciplinary-specific
base. In an interdisciplinary domain, researchers work jointly from a disciplinary-specific basis.
Multiscale systems medicine will require a considerable shift in the mind-set and culture of current
multidisciplinary and interdisciplinary science and education environments. It will require a
transdisciplinary approach, in which researchers and clinicians work jointly using a shared
conceptual framework and combined disciplinary-specific approaches to tackle the complex
challenges of future healthcare and medicine. Furthermore, the Action adopts an open-science
approach, making scientific research, data and dissemination in multiscale systems medicine
accessible to all levels of an inquiring European and international society. Hence, the Action title and
acronym “Open Multiscale Systems Medicine (OpenMultiMed)”.
The COST scheme is ideally suited for tackling the multiscale systems medicine challenge. To
respond to this challenge, this COST Network needs to gather a critical mass of researchers (clinical
researchers, mathematical modellers, data scientists/analysts, and computer scientists) from
different countries and coordinate them as a transdisciplinary international team.
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1.1.2. Relevance and timeliness
This Action is both relevant and timely for a number of reasons. First, as the life expectancy of the
European population grows, so does the need for reducing the disease burden (morbidity, mortality
and financial costs for healthcare). For many complex diseases, the “low-hanging fruits” (obvious
approaches in terms of disease understanding, prevention, diagnosis, treatment, prognosis, etc.)
have been harvested; however, many medical challenges still do not have a satisfactory solution.
One reason is that conventional single-scale approaches are not sufficient. Because of recent
developments in science and technology (see below), the time seems ripe for a multiscale approach.
Second, over the past decade Europe has invested heavily in R&D to generate massive amounts of
biological and clinical data on all levels of organization (cf. “omics” and next-generation sequencing
data). We now need to integrate and exploit these data to address the disease burden in Europe
and beyond and to get a decent return of investment. Third, while systems biology approaches have
become a standard in many areas, the systems approach to human health and disease is still
relatively new. A major consequence of bringing the systems approach from basic and non-human
biology to human medicine is that issues relating to multiple spatiotemporal and organizational
scales (from molecules, to cells, to tissues, to organs, to whole-body systems, to patient groups and
families, to human populations, to human lifestyles and the environment) become more important.
However, there is a lack of suitable concepts, methods and tools that facilitate an effective and
efficient multiscale approach to human health and disease. Fourth, it is only in the past five to ten
years that large-scale computing resources (storage, processors, network bandwidth) and advanced
computing technology and infrastructures (Internet protocols, grid, cloud, e-infrastructures, serviceoriented architecture, open-source software, programming models and tools, open software
development, etc.) have become widely available and affordable. Multiscale systems medicine will
only be possible with modern ICT. It is now the time to take advantage of these technologies and to
push the boundaries of modern medicine. Fifth, in the past ten years, multiscale modelling and
simulation approaches have been adopted and have matured in a number of non-medical disciplines
(e.g. astrophysics, energy, geology, material science). These efforts have clearly demonstrated the
potential of this approach in data-rich and knowledge-intensive domains. Thus, that time is ripe to
exploit the knowledge and experience gained in these disciplines, and to attempt to “port” this
methodology and technology to systems medicine.

1.2.

Objectives

This Action’s main objective is to gather a critical mass of researchers and stakeholders from
different disciplines and coordinate these researchers as a team to define and investigate important
S&T challenges in multiscale systems medicine, and to improve existing and develop novel solutions
for multiscale systems medicine. The specific research-coordination and capacity-building
objectives of this COST Action are:
1.2.1. Research Coordination Objectives
Placing a strong emphasis on the multiscale nature of human health and disease, the specific
research-coordination objectives of this COST Action are to coordinate international R&D
activities aimed at
1. Developing a common understanding of multiscale systems medicine.
2. Developing a transdisciplinary framework for multiscale systems medicine in which
researchers work jointly using a shared conceptual framework and combined disciplinaryspecific approaches to address challenging problems in human health and disease.
3. Adapting and improving existing and developing novel methods, mathematical models,
algorithms, tools, ICT systems and infrastructures facilitating multiscale systems medicine
approaches.
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4. Assessing the quality and performance of multiscale systems medicine approaches.
5. Adopting and promoting an open-science approach to disseminate the research activities
and results to the general public as well as other stakeholders such as biomedical and
scientific communities, standardization bodies, policy-makers, regulators, developers and
users.
1.2.2. Capacity-building Objectives
The specific capacity-building objectives of this COST Action are to coordinate international R&D
activities aimed at
1. Fostering the exchange of knowledge and the development of a joint research agenda
around the emerging transdisciplinary field of multiscale systems medicine.
2. Bridging separate scientific disciplines (medicine, mathematics, data science, computer
science) to achieve breakthroughs that require a transdisciplinary approach.
3. Involving, through an inherently transdisciplinary approach, (i) non-medical target groups
(mathematicians, modellers, data scientists, computer scientists) in highly challenging
medical problems, and (ii) medical target groups (clinicians, specialists, carers) in
sophisticated mathematical and computational concepts and techniques relevant to
multiscale systems medicine.
4. Involving teams from countries with less capacity in the field of the Action.

1.3.

Progress beyond the state-of-the-art and Innovation Potential

1.3.1. Description of the state-of-the-art
Multiscale approaches have been successfully employed in non-medical areas (e.g. astrophysics,
energy, geology, material science, transport) involving complex phenomena that span multiple
spatiotemporal scales. Multiscale modelling, simulation and analysis is a powerful theoretical and
computational framework that decomposes a complex problem into multiple scale-specific subproblems and solves the overall problem by explicitly modelling the interactions (scale bridging)
between the sub-problems. Many of the multiscale approaches in fields other than the life sciences
have focussed on system dynamics models and simulations, and to a lesser extent on the modelling
and analysis of large multiscale networks (graphs). In these areas, a wide range of methods and
tools have been developed, they typically focus on methods and technologies for scale bridging;
model reduction; model coupling; deployment and execution and monitoring of multiscale simulation
codes; numerical and optimization techniques for multiscale problems; workflow technologies and
user interfaces; large multiscale computing technologies (e.g. resource management, grid and cloud
computing).
The maturity of multiscale solutions across these communities varies considerably. While great
advances have been made, areas where more R&D is required (in particular with a view to multiscale
systems medicine) include: multiscale data management, integration and analysis; multiscale
ontologies for dedicated biological and medical domains, phenomena and systems; standards for
specifying, storing, annotating and exchanging multiscale models; methodologies and guidelines for
developing, deploying, using and maintaining multiscale solutions; methods and tools for validation
of multiscale models; assessment of errors (numeric and modelling) of multiscale models, etc.
As large amounts and highly heterogeneous data relevant to human health and disease is becoming
readily available, multiscale systems medicine aims to model and integrate these data in unique,
interactive and system-specific ways that allow better-informed decisions about health promotion,
disease prevention/treatment, and patient care. State of the art multiscale systems medicine
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approaches have addressed a range of systems and processes of human biology, including
individual cells and cell populations, tissues, organ systems, the cardiovascular, respiratory, immune
system, musculoskeletal system, central nervous system, cancers, inflammatory-metabolic
conditions, and many others. Large-scale international and European milestone initiatives and
projects in multiscale systems medicine include the Virtual Cell, IUPS Physiome Project, Human
Brain Project, Virtual Physiological Human, Virtual Liver, and a number of systems biology/medicine
projects funded under FP7 and H2020 (see Section 1.4.2).
Despite past and ongoing R&D advances in multiscale systems medicine, the state of the art in this
area could perhaps best be described as “transitional” or “explorative”. In part this is due to the lack
of a truly transdisciplinary approach. The main short- to medium-term open S&T issues in multiscale
systems medicine, as relevant to this Action, include (see details in Section 3.1.1): (1) Lack of
detailed requirements for multiscale systems medicine taking into account all four S&T areas
(systems medicine, multiscale modelling, multiscale data, multiscale computing). (2) Lack of
adequate solutions in all four S&T areas of multiscale systems medicine. (3) Lack of guidelines
facilitating the development, deployment, use, sharing and maintenance of multiscale systems
medicine solutions. (4) Lack of a transdisciplinary conceptual framework of multiscale systems
medicine encompassing all four S&T areas. (5) Lack of comprehensive modern educational and
training materials and resources adopting a transdisciplinary view of multiscale systems medicine.
1.3.2. Progress beyond the state-of-the-art
This Action is expected to make a significant progress beyond the state of the art in the four main
multiscale systems medicine S&T areas: systems medicine, multiscale modelling, multiscale data
science, and multiscale computing, by developing (1) detailed requirements that link the medical
needs to detailed needs in terms of methods, technology and education; (2) a transdisciplinary
conceptual framework of multiscale systems medicine; (3) new multiscale systems medicine
solutions: concepts, methods, tools, systems, frameworks and guidelines. Across the four S&T
multiscale systems medicine areas, the OpenMultiMed Action will progress beyond the state of the
art as follows:






Systems medicine: New insights into the mechanisms underlying pathophysiological
processes and systems; discovery of leads for development of drugs, vaccines and
therapies; improved/new ways of stratifying patients in terms of disease risk, treatment
response, disease progression, etc.; novel study designs for therapies; targetable
multiscale/multi-factorial signatures relevant to developing novel approaches to diagnostics,
therapeutics, prognostics, risk assessment, disease progression prediction, etc.
Multiscale modelling and simulation: Improved and novel scale-bridging and
model/simulation coupling methods for multiscale dynamical medical systems/processes;
representation, construction, analysis of multiscale static biomedical networks; multiscale
numerical techniques; methods for multiscale error assessment (modelling errors, numerical
errors); multiscale decision support systems; verification and validation of multiscale systems
medicine models; proposals for frameworks, guidelines and standards in multiscale
modelling and simulation in systems medicine.
Multiscale data science: Improved and novel methods, algorithms and tools for modelling,
integrating and sharing multiscale systems medicine data; combination and integrative
analysis of mixed quantitative and qualitative data; provision of integrated multiscale systems
medicine databases and repositories; data mining and machine learning methods and tools
to model and analyse multiscale systems medicine data; multiscale systems medical
ontologies, data models, data exchange formats, standards; solutions for data privacy,
security, provenance; guidelines and frameworks for multiscale systems medicine data.
8



Multiscale computing: Improved and novel ICT facilitating the development, deployment,
use and maintenance of multiscale systems medicine solutions; multiscale model/code
coupling and execution tools and systems; multiscale workflow tools, user interfaces and
visualization tools; programming/modelling languages, models, formats, tools for multiscale
modelling and analysis; large-scale, high-performance and distributed multiscale computing
architectures, systems, tools and environments (supercomputing, grid computing, cloud
computing, e-infrastructures); computing guidelines, standards, benchmarks.

Ultimately, this Action’s main progress beyond the state of the art will lie in facilitating, promoting
and realizing a paradigm shift (culture, mind-set, practice, methodology, technology) from current
scale-specific reductionistic medicine to future multiscale systems medicine.
1.3.3. Innovation in tackling the challenge
The fundamental assumption of multiscale systems medicine is that the wealth of hugely diverse
biomedical data will ultimately enable a new medicine that is likely to significantly improve human
health. Whether this goal is attainable remains to be seen. However, the only hope that this vision
will actually be realized someday lies in our ability to create innovations in various fields
fundamentally relevant to multiscale systems medicine, and in the conceptual revolution that is
required to transcend these fields and unify them. The very concept of this Action lies in progressing
beyond the state of the art and creating innovations in the transdisciplinary field of multiscale systems
medicine, including its sub-disciplines. Adopting a strategy that views multiscale systems medicine
as a transdisciplinary field encompassing systems medicine, multiscale modelling, multiscale data
science and multiscale computing, this Action has a considerable potential to create innovations in
terms of concepts, frameworks and theories, methods, algorithms, models and architectures,
technologies, tools, systems and infrastructures that facilitate multiscale systems medicine (see
Section 3.1.1 for detailed lists of concrete innovation areas). This strategy is inherently designed
around creating new knowledge and effective and efficient innovations in multiscale systems
medicine.

1.4.

Added value of networking

1.4.1. In relation to the Challenge
This COST Action will create and harmonise important scientific advances that are necessary for
emerging and future adoption and evolution of multiscale systems medicine approaches. Indeed,
the EU and various national and international funding agencies have already supported and are
envisaging to support more R&D in systems medicine (e.g. the current call of ERACoSysMed). By
focusing specifically on multiscale aspects of modelling and simulation, data science, and
computing in the context of systems medicine, this Action adds value to ongoing and future systems
medicine efforts and R&D in areas such as multiscale modelling and simulation, data and computer
science. Designing this COST Action as an inherently transdisciplinary (as opposed interdisciplinary
and multidisciplinary) R&D strategy, it will integrate, promote and harmonize the research of leadingedge clinical and academic groups within Europe in this area. The involvement of clinical/medical
partners will also promote technology transfer between research organisations and the healthcare
sector to generate, organize, harmonize and share essential data needed to advance multiscale
systems medicine. This Action has its strength in non-competitive research, in flexible multinational
cooperation, and in addressing discipline-crossing research challenges in human health and disease
with the help of a transdisciplinary approach. Finally, by adopting an inherently open-science
strategy, the Action will create synergy and added value to European research cooperation.
1.4.2. In relation to existing efforts at European and/or international level
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While various systems biology and systems medicine efforts exist, efforts that focus specifically on
multiscale systems medicine are rare. The following provide a short and incomplete list of relevant
recently completed, still ongoing, and planned projects, initiatives and efforts (existing or recently
completed) on European/int’l level (relevant national efforts are not listed): CASyM (Systems
roadmap for Europe); VPH (Virtual Physiological Human); Synergy-COPD (modelling of chronic
obstructive pulmonary disease); AirPROM (modelling of airway diseases); VPH Thrombus;
MISSION-T2D (type 2 diabetes); MAPPER (multiscale modelling e-infrastructure); KEPAMOD
(multi-omics data); eTRIKS (data platform/services for translational research); U-BIOPRED
(respiratory disease, predictive modelling, artificial nose); ERACoSysMed (systems medicine);
Semantic Systems Biology (semantic modelling); IMAG (multiscale biomedical models, among
others); Marie-Curie: TUBITAK Co-Funded Brain Circulation Schema (disease networks); Marie
Curie: INTEGRAGEING (integrated aging modelling); Avicenna (in silico clinical trials); 100K
Wellness Project; Google’s Baseline Study (big data, P4).

2.

IMPACT

2.1.

Expected Impact

2.1.1. Short-term and long-term scientific, technological, and/or socioeconomic impacts
This Action comprises a comprehensive package of multiscale systems medicine concepts, methods
and technology for valorisation and applies an innovative transdisciplinary, open-science
implementation strategy. The Action is developed in continuous connection and collaboration with
all stakeholders from healthcare, science and technology, thus maximizing widespread acceptance,
knowledge and technology transfer. A key potential for wide impact from this Action arises from its
transdisciplinary, open-science vision and strategy (see Working Groups) towards facilitating,
promoting and further developing a paradigm shift towards multiscale systems medicine. Ultimately,
a thorough health technology assessment is required, evaluating various aspects of multiscale
systems medicine related to cost-effectiveness, safety, patient benefit, legal, regulatory, ethical and
societal aspects. Since multiscale systems medicine is still in its infancy, a full health technology
assessment is not attainable in the near future. While the Action’s S&T results are likely to have an
important impact on long-term outcomes in helping to facilitate, promote and enable a paradigm shift
towards multiscale systems medicine, the Action’s main potential impacts lie on short-term to
medium-term aspects of multiscale systems medicine.






2.2.

Multiscale systems medicine paradigm. By virtue of its transdisciplinary strategy with a
strong focus on multiscaleness, this Action expects to further advance the development of
the evolving multiscale systems medicine paradigm. As such, this Action will provide new
and validated concepts, methods and tools enabling multiscale systems medicine in the
future. The Action has the potential to contribute substantial evidence on the validity, utility
and cost-effectiveness of future multiscale systems medicine.
Sustainability and capacity-building. This Network presents a unique opportunity to
involve and train Early-Career Researchers by world-class researchers and developers to
create the critical mass for a sustainable future R&D in multiscale systems medicine. This
will also strengthen capacity building and training programs to assist a harmonised scientific
approach.
Beyond systems medicine, the R&D results generated by this Action (especially in Working
Groups WG2 to WG4 and the associated Deliverables) are likely to have an impact on
multiscale R&D in non-medical fields adopting multiscale approaches.

Measures to Maximise Impact

2.2.1. Plan for involving the most relevant stakeholders
10

In the long run, multiscale systems medicine has potentially very large stakeholder base, stretching
from individuals to large organizations in diverse areas. However, the envisaged immediate impact
of this Action is concentrating on short-term to medium-term S&T progress and innovations
underpinning a long-term paradigm shift towards multiscale systems medicine. With its
transdisciplinary approach (Working Groups WG1 to WG4), and its diverse activities and broad
range of S&T dissemination, training and education activities (Deliverables D2 to D12), this COST
Action aims to involve the following stakeholders: (1) R&D communities in key areas as including
medicine, mathematics, data and computer science communities; (2) industries from areas such
medical technology, to pharmaceutical industry, through to ICT industry; (3) medical practitioners
and healthcare providers; (4) research organization and education providers; (5) policy-makers,
regulatory and standardization bodies, and research funders; (6) individuals, patients and the
general public. The OpenMultiMed Action will involve these stakeholder groups via its various
activities described by the Action’s Tasks and Deliverables (Sections 3.1.1 to 2.1.2).
2.2.2. Dissemination and/or Exploitation Plan
A central consideration of this Action is to promote Open Access to encourage wide availability of
results, thereby contributing to boost worldwide visibility of European science and technology. The
Action’s inherent open-science strategy is reflected in the Action’s Work Plan (Section 3.1). It
includes a comprehensive set of activities and deliverables ensuring wide dissemination and impact,
including Working Group meetings, Workshops, Training Schools, Short-Term Scientific Missions,
Action Conference, Action White Paper and Book, a comprehensive online presence (including a
dedicated Action website but also fully embracing social media) as well as online educational
materials (online lectures using learning management systems and video lectures). All Action
deliverables, except the formal yearly Progress Reports, are at a public/open dissemination level. A
key element of this Action is the education and training of Early-Career Investigators, including
MSc/PhD students as well as post-docs.
The OpenMultiMed Action foresees appropriate scientific and technological monitoring and followup aimed at assessing the results, outcomes and impacts of the Action. Provisions have been made
in the Work Plan (four yearly Progress Report, a Final Report, Key Performance Indicators designed
around the Action’s Tasks, Deliverables and Milestones; see Section 3.1).
This Action encourages the open use, dissemination and exploitation of research results where
appropriate. If result of this Action could give rise to intellectual property rights, the MC shall take
the necessary steps in order to protect these rights, in accordance with all relevant rules, regulations
and guidelines.

2.3.

Potential for Innovation versus Risk Level

2.3.1. Potential for scientific, technological and/or socioeconomic innovation
breakthroughs
This Action’s results are aimed at promoting and facilitating the development and implementation of
a new medical paradigm (multiscale systems medicine) capable of solving the massive medical
challenges of modern societies in Europe and beyond. The potential medical breakthroughs range
from effective new treatments for diseases for which currently no satisfactory therapies exist, to
preventative or curative interventions tailored to the individual, through to the discovery of novel
biomarkers that can reliably stratify patient groups into different risk groups. Risks that may prevent
such long-term breakthroughs range from the inherent complexity of diseases, to technical
obstacles, to a lack of suitably qualified scientific workforce, through to funding limitations.
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Medical and socioeconomic breakthroughs coming from multiscale systems medicine rely on our
scientific (concepts, theories, knowhow) and technological (methods, tools, systems) ability to
translate large amounts of highly diverse data into improved human health at acceptable financial
costs. To realize these, we require considerable scientific and technological advances and
innovations. Indeed, this is where the focus of this Action lies. Potential scientific and technological
innovation breakthroughs of this Action are possible in systems medicine, multiscale modelling,
multiscale data science, and multiscale computing (detailed lists of S&T topics of these areas are
listed in Section 3.1.1). It is assumed that the Action’s strategy (designed around multiscaleness,
transdisciplinarity and open-science) will be a key driver and catalyst enabling S&T breakthroughs.
The major risks preventing such breakthroughs include lack of suitably trained researchers, lack of
funding, conceptual and technological challenges, and organizational and regulatory constraints.

3.

IMPLEMENTATION

3.1.

Description of the Work Plan

3.1.1. Description of Working Groups – Provide for each WG the Objectives, Tasks,
Milestones and Deliverables
The Action’s S&T program and activities are divided into four Working Groups (WGs) focusing on
the major disciplines related to multiscale systems medicine: Systems Medicine (WG1), Multiscale
Modelling (WG2), Multiscale Data Science (WG3), and Multiscale Computing (WG4). With a view
to a transdisciplinary coordination ongoing research in these fields, OpenMultiMed will provide an
optimal Network and “knowhow” to facilitate successful interaction among them. As a result, this
Action’s Working Groups are expected to exhibit a considerable degree of interaction and crossfertilization. Hence, the coordination of the Action has to be flexible to foster mobility within the
Network and must provide all the necessary tools to help participants discover where their expertise
will be the most effective. In this context, the Action’s Workshops and Training Schools will play a
key role in facilitating a transdisciplinary approach across all Working Groups.
Working Group 1 (WG1): Systems Medicine
WG1 concentrates on the biomedical aspects of multiscale systems medicine, informed by clinical
research and medical practice in various broad disease areas, including various types of cancer,
respiratory, neuro, immune and cardiovascular diseases, as well as research on ageing and
environmental effects on health. The main goals of WG1 are (1) To identify health/disease areas
where a multiscale systems medicine approach is likely to lead to improved outcomes (disease
understanding, prevention, diagnosis, treatment, prognosis) over established approaches. (2) To
define and evaluate concrete requirements informing the development of novel ICT multiscale
methods and tools needed to address the challenges of a multiscale approach to systems medicine.
(3) To identify clinical and non-clinical (e.g. toxicity, environment, lifestyle) data sets that capture
information relevant to multiscale modelling, analysis and simulation approach. (4) To demonstrate
and evaluate the medical and economic effectiveness of a multiscale systems medicine in promoting
health, preventing disease, and reducing the disease burden (mortality, morbidity, financial cost).
Clinical drivers informing the activities in WG1 include








Predictive, preventive, personalized and participatory medicine (P4 medicine);
Pharmaceutical drug and vaccine development, production, delivery and safety combined
with patient stratification approaches;
Discovery of effective diagnostics biomarkers and their multi-dimensional combination;
Linking multiscale data signatures to disease processes;
Methods to predict treatment response and disease progression in a given patient;
Rational design of combinatorial therapies (e.g. dosing);
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Reduction of healthcare costs through systems-based prevention; patient stratification;
tailored therapies; disease management and telemedicine (e-health) approaches.

The main deliverables of WG1 will be the specification and evaluation of requirements for multiscale
systems medicine; the creation, identification, benchmarking and interpretation of medical data
suitable for a multiscale systems medicine approach; and the evaluation of multiscale systems
medicine approaches (in terms of improved biomedical outcomes). These deliverables will feed into
and be reported in the relevant Action deliverables listed at the end of this section.
Working Group 2 (WG2): Multiscale Modelling
WG2 concentrates on the modelling, simulation and analysis of multiscale biomedical systems.
Multiscale modelling approaches have been developed in various fields (e.g. astronomy, material
science). The challenge of this WG2 is to adapt existing and develop novel multiscale modelling
and simulation approaches that can effectively address the challenges of multiscale systems
medicine. WG2 will coordinate international R&D in the following multiscale modelling and
simulation areas as pertinent to systems medicine: (1) Requirements of multiscale modelling and
simulation that are unique to systems medicine. (2) Scale decomposition and representation of
complex biomedical processes and systems. (3) Multiscale dynamical models, network
(mathematical graph) models, knowledge-based systems, decision support systems. (4) The
construction of scale-specific models with multiscale modelling requirements in mind. (5) The scalebridging and coupling of multiple scale-specific submodels, including submodels of different type
(continuous versus discrete, deterministic versus stochastic, mechanistic versus phenomenological,
static versus dynamic, etc.) (6) Analysis and interpretation of multiscale models. (7) Understanding,
modelling of errors in multiscale models, including various types of numerical errors, error
propagation, and modelling errors. (8) Multiscale parameter estimation/optimization (system
identification). (9) Multiscale parameter and variable exploration (e.g. parameter sweep, sensitivity
analysis, what-if studies). (10) Multiscale model description frameworks, languages and theories,
including guidelines on developing, evaluating and using multiscale solutions in biomedicine.
(11) Verification and validation of multiscale models. (12) Standardization and benchmarking of
multiscale models and design of multiscale simulation/analysis studies.
The main deliverables of WG2 are novel concepts, methods and technologies for multiscale
modelling, simulation and analysis in systems medicine. These deliverables will feed into and be
reported in the relevant Action deliverables listed at the end of this section. It is envisaged that an
Action Member from an Inclusiveness Target Country (ITC) will coordinate WG2.
Working Group 3 (WG3): Multiscale Data Science
Biomedical data on all levels of biomedical organization and scales are thought to be the key to
future multiscale systems medicine. In addition to the model components themselves, multiscale
systems medicine studies involve data (experimental, predicted) and information at different levels
and scales: form the molecular and cellular level, as well as at the level of tissues, organs and
physiology, populations and the environment. Furthermore, once the results of multiscale
simulations and analyses are reported, scientific, legal and regulatory requirements may require the
provenance information of the components and procedures that generate the results to be kept and
communicated. The challenge is to organize, manage, share, integrate and analyse these data and
associated information from a multiscale systems medical perspective. This involves the
development of novel (1) data models, ontologies and exchange formats with an explicit
representation of the scale aspects of multiscale biomedical data; (2) methods and tools for
integration of highly heterogeneous data describing entities on all levels relevant to human health
and disease from the genetic to the environment level; (3) methods and tools facilitating multiscale
processing, analysis, visualization, mining and curation of multiscale biomedical data; (4) effective
and efficient solutions enforcing data privacy and other regulatory and legal rules as well as
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mechanisms for data provenance; (5) proposals for standardization and benchmarking of multiscale
biomedical data, data models and formats; and (6) stakeholder involvement and discussions aimed
at generating transparency, trust and uptake of tools.
The main deliverables of WG3 will be novel concepts, specifications, methods and technologies for
curating, modelling, managing, processing, integrating, analysing, mining and sharing of multiscale
systems medicine data. These deliverables will feed into and be reported in the relevant Action
deliverables listed at the end of this section.
Working Group 4 (WG4): Multiscale Computing
The medical, modelling and data challenges of multiscale systems medicine typically require nontrivial computing solutions, from hand-held devices to supercomputer facilities. The challenge is to
adapt existing and develop novel ICT for multiscale systems medicine, including areas such as
(1) tools and systems facilitating the development of multiscale models; (2) model coupling tools and
tools enabling the execution of coupled simulations; (3) multiscale workflow and executions tools
allowing the design and execution of complex multiscale workflows that integrate simulations and
data; (4) model management tools and model repositories (5) graphical user interfaces and
visualization tools facilitating multiscale studies by modellers and clinicians without the need for lowlevel computer programming; (6) programming languages and models for multiscale simulations and
analyses; (7) efficient implementations of complex multiscale modelling and data
integration/analysis algorithms; (8) large-scale and distributed multiscale computing tools and
solutions using cloud- and grid-based computing environments and e-infrastructures; (9) dedicated
multiscale computing services and resources, and resource management tools;
(10) implementations of multiscale knowledge management and decision support systems;
(11) online educational resources for multiscale systems medicine; (12) high-level methodologies
and guidelines developing, deploying, sharing, using and maintaining multiscale systems medicine
ICT systems and e-infrastructures; (13) ICT solutions for security and privacy of multiscale medical
data, information and models; (14) methods and tools for testing, verification and performance
evaluation of computing systems and tools for multiscale systems medicine.
The main deliverables of WG4 will be novel computing concepts, tools, systems, services and ICT
infrastructures for multiscale systems medicine. These deliverables will feed into and be reported in
the relevant Action deliverables listed at the end of this section.
The following tasks are recurrent and relevant to all Working Groups:
1. Review of the state-of-the-art in relation to WG’s S&T focus.
2. Contribute to the dissemination of S&T results.
3. Contribute to the development of transdisciplinary paradigm of multiscale systems medicine
(i.e. ensure contribution and interaction across all WGs).
4. Contribute to Workshops and Training Schools and identify relevant European and
international scientists for invitation to these events.
5. Contribute to Action’s Short-Term Scientific Missions (STSMs) by identifying relevant Early
Career Investigators who could embark on such missions.
6. Contribute to Action’s Conference & Book that conclude the Action at the end of the project.
7. Identify and obtain relevant biomedical data sets, and assist in processing and interpreting
these in the context of relevant modelling and analytical tasks and the biomedical questions
and problems.
8. Contribute to the OpenMultiMed website and online/social media presence.
9. Contribute to the scientific & administrative coordination through progress reports.
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Deliverables and milestones:
Figure 1 provides a graphical illustration of the schedule of meetings, deliverables and milestones.
All Working Groups contribute to the main Action deliverables and milestones listed below. The
times and venues of MC/WG Meetings, Workshops, Training Schools and STSMs will be
synchronized to maximize the use of available resources.
Deliverables:
Following the open-science strategy of the OpenMultiMed Action, all deliverables except D0 and
parts of the Progress Reports (D11.1-D11.4) will be open-access.



















Deliverable D1: Kick-off Meeting & Management Structures: The Kick-off Meeting defines
all organizational aspects (leader roles, management and decision structures and procedures,
administrative rules and tools, meeting schedules, etc.) of the Action as well as its strategy and
vision.
Deliverable D2: Website & Social Media presence: Consists of a dedicated Action website, a
social media presence, and other online tools (e.g. wikis, shared documents) to disseminate the
Action’s activities and results, and to organize its activities (meetings, workshops, STSM, White
Paper, etc.).
Deliverable D3: Workshops: Eight Action Workshops will be organized to share ideas and
knowledge and create added value. The Workshops play a key role in developing a common,
transdisciplinary framework of multiscale systems medicine. Workshop talks will be captured on
video and made available.
Deliverable D4: Training Schools: Eight Action Training Schools will be arranged for
undergraduate and graduate students, postdoctoral students and Early Career Investigators.
The content material (documents, videos, online lectures using a free learning management
system) of the Training Schools will be made publicly available .
Deliverable D5: Short-Term Scientific Missions: The MC will encourage Early Career
Investigators to apply for an envisaged total of ca. 35-40 STSMs lasting between a few days and
a few weeks. The STMSs will foster collaboration and networking and allow researchers to learn
new concepts, methods and tools relevant to multiscale systems medicine.
Deliverable D6: Conference: The Action Conference is planned as a large event aiming to
attract researchers from Europe and beyond and will include as many Action Members as
possible. It is planned either as standalone Conference or it is co-organized with a large relevant
event. It will include invited speakers and solicit scientific papers which will be subject to a
rigorous peer-review process. Selected Conference will be published as a dedicated journal
special issue.
Deliverable D7: Dissemination: The OpenMultiMed Action is aiming to publish its activities
and results to the widest possible audience via various means, including scientific articles in
high-calibre scientific journals, conference/workshop proceedings, press releases, social media
and other online platforms, and through dedicated Action channels/events/publications (see D2,
D6, D8, D9, D10, D12).
Deliverable D8: Multiscale Systems Medicine White Paper: The White Paper forms an
important part of the Action’s dissemination activities. The White Paper will be updated every
six months and published via the Action’s online channels (D1). The final version of the
OpenMultiMed White Paper provides a succinct summary (no more than 12 pages) of the entire
Action in a form that is accessible to both the scientific and other communities.
Deliverable D9: Multiscale Systems Medicine Book: An edited volume (published by a large
publisher) with contributors from within and outside of the Action on the four main areas of the
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Action. The main target audience are relevant stakeholders such as researchers, industrialists,
clinical/medical practitioners and policy-makers. Commitment on contributions will be sought at
the beginning of Year 4, with a complete draft available at the end of Year 4 (and publication
soon after the end of the Action).
Deliverable D10: Online Educational Materials: At the end of each Year, the Action will make
available online educational materials, including short (2-5 modules) online lectures using a
suitable online learning management system. The Action will also create video captures of talks
at Action Workshops/Training Schools, and the final Action Conference, and make these
available via the Action website and social media channels.
Deliverable D11: Progress Reports: The four Progress Reports provide a formal account of
the Action’s activities, achievements, problems (if any) and administrative aspects per reporting
period. These reports summarize all aspects of the Action required for formal reviews.
Deliverable D12: Final Report: The Final Report provides a comprehensive account of the
main scientific activities and achievements of the Action. The report will include an extended
abstract in layman’s terms.

Milestones:
 Milestone M1: Management, Vision & Online Presentation: Kick-off Meeting and
Management Structures (D1), the Action’s online presence (D2), and first dissemination
outcomes including press releases (D7.1).









Milestone M2: Fully Established Network: Workshops (D3.1, D3.2), Training Schools (D4.1,
D4.2), STSMs (D5.1-D5.3), Dissemination (D7.2), White Paper (D8.1, D8.2), Online Educational
Materials (D10.1), Year 1 Progress Report (D11.1), and Initial Requirements reported in D11.1
and D7.2.
Milestone M3: Mid-Term Review: Take stock and evaluate the Action’s performance half way
through the Action’s lifetime. Workshops (D3.3, D3.4), Training Schools (D4.3, D4.4), STSMs
(D5.4-D5.7), Dissemination (D7.3, D7.4), White Paper (D8.3, D8.4), Online Educational Materials
(D10.2), Year 2 Progress Report (D11.2).
Milestone M4: Action Impact: Workshops (D3.5, D3.6), Training Schools (D4.5, D4.6), STSMs
(D5.8-D5.11), Dissemination (D7.5, D7.6), White Paper (D8.5, D8.6), Online Educational
Materials (D10.3), Year 3 Progress Report (D11.3).
Milestone M5: Framework & Future Research: This milestone describes final requirements
and conceptual framework of multiscale systems medicine, and an outline of emerging and future
research directions in multiscale systems medicine. This information will be delivered in the
Deliverables D7.8. Furthermore: Workshop (D3.7), Training School (D4.7), Dissemination (D7.7,
D7.8), STSMs (D5.12-D5.14).
Milestone M6: Conference, Initial Version of Book, and Final Report, Impact: This
milestone will be the culmination of all Action activities and outcomes marked by the Action
Conference (D6), the first comprehensive draft of the Multiscale Systems Medicine Book (D9.2),
and the Final Report (D12). The final version of the Action White Paper (D8.8), online Educational
Materials (D10.4), final requirements reported in D11.4, D12, and D7.7-D7.9, D9.2. Further:
Workshops (D3.9), Training School (D4.8), Dissemination (D7.9), White Paper (D8.8), Online
Educational Materials (D10.4), and the Year 4 Progress Report (D11.4).

Key performance indicators:
Consistent with the Action’s objectives, activities, deliverables and milestones, the Action’s key
performance indicators (KPIs) define quantitative criteria to facilitate the assessment and review of
the Action’s progress, achievements and success (Table 1). Notice, the participant figures of Action
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Workshops, Training Schools, STSMs, and the Conference include participants whose
travel/subsistence costs are funded by Action resources as well as those funded by other resources.
Table 1. Key Performance Indicators

KPI (open-access unless stated otherwise)
Number of Workshops / Participants per Workshop
Number of Training Schools / Participants per Training School
STSMs (normally 1, sometimes 2 researchers per STSM)
Conference / Participants
Scientific Publications (Journal Articles)
Scientific Publications (Conference/Workshop Proceedings)
Scientific presentations and talks (some availalbe as online videos)
Non-scientific publications (e.g. press releases) and talks
Action White Paper releases
Action Book versions (formal publication after end of Action)
Online educational materials including video/online lectures
Final Report
Progress reports (partially open-access)
Website access and download statistics
Social Media activity statistics

Year 1
2 / 25
2 / 25
ca. 8

Year 2
2 / 25
2 / 25
ca. 10

Year 3
2 / 25
2 / 25
ca. 10

Year 4
2 / 25
2 / 25
ca. 10
1 / 100
5
5 - 10
5 - 10
10
5
5 - 10
5 - 10
10
8
10 - 15 10 - 15
15
5
5 - 10
5 - 10
10
2
2
2
2
2
2
4
4
4
1
1
1
1
1
Tracking of access and downloads etc.
by country, discipline, etc.

3.1.2. GANTT Diagram
Group/Event/Activity
Year 1
Meetings
Q1 Q2 Q3 Q4 Q1
Management Committee (MC)
x
x
WG1: Systems Medicine
x
x
WG2: Multiscale Modelling
x
x
WG3: Multiscale Data Science
x
x
WG4: Multiscale Computing
x
x
Deliverables
Q1 Q2 Q3 Q4 Q1
D1: Action Kick-Off
D1
D2: Website and Social Media D2.1
D2.2
D3: Workshops
D3.1
D3.2
D4: Training Schools
D4.1
D4.2
D5: STSMs
D5.1 D5.2 D5.3 D5.4
D6: Conference
D7: Dissemination
D7.1
D7.2
D7.3
D8: White Paper
D8.1
D8.2
D9: Book
D10: Educational Materials
D10.1
D11: Progress Reports
D11.1
D12: Final Report
Milestones
Q1 Q2 Q3 Q4 Q1
Milestones M1 to M6
M1
M2

Year 2
Q2 Q3
x
x
x
x
x
Q2 Q3

Q4
x
x
x
x
x
Q4

Q1

Q1

Year 3
Q2 Q3
x
x
x
x
x
Q2 Q3

Q4
x
x
x
x
x
Q4

Q1

Q1

Year 4
Q2
Q3
x
x
x
x
x
Q2
Q3

Q4
x
x
x
x
x
Q4

D2.3
D2.4
D2.5
D3.3
D3.4
D3.5
D3.6
D3.7
D3.8
D4.3
D4.4
D4.5
D4.6
D4.7
D4.8
D5.5 D5.6 D5.7 D5.8 D5.9 D5.10 D5.11 D5.12 D5.13 D5.14
D6
D7.4
D7.5
D7.6
D7.7
D7.8 D7.9
D8.3
D8.4
D8.5
D8.6
D8.7
D8.8
D9.1
D9.2
D10.2
D10.3
D10.4
D11.2
D11.3
D11.4
D12
Q2 Q3 Q4 Q1 Q2 Q3
Q4
Q1 Q2
Q3
Q4
M3
M4
M5 M6

Figure 1. Schedule of Action meetings, activities, deliverables and milestones.

Due to the Action’s transdisciplinary strategy, we expect a considerable information exchange across
the four WGs; the Action’s Training Schools, STSMs, and Workshops will help to facilitate this.
3.1.3. Risk and Contingency Plans
This Action aims at considerable progress beyond the state of the art across a highly challenging
and complex transdisciplinary S&T domain called multiscale systems medicine. The overall Action
strategy, management structure and procedures, and Member composition of the Action is designed
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to be robust and flexible. This organization allows the Action to respond swiftly and effectively to
adverse events and developments that may prevent the Action from achieving its objectives. Table 2
defines the Action’s major risks and the corresponding contingency measures.
Table 2. Risk and contingency measures

Proposed Risk Mitigation Measures
Action Members have already been selected with multiscale
systems medicine data in mind. Prioritization of R&D on problems
where relevant data is available. Exploit publically available data.
Important and unforeseen S&T
Evaluate need for Action's Work Plan modification (i.e. prioritize
developments outside of the Action
other relevant areas). Consider inclusion of additional Members.
Lack of essential S&T expertise, due Identify new Member with relevant expertise and invite them to the
to unforeseen circumstances
Action.
Limited access to sufficient computing Consider resource sharing technologies. Exploit Network Member's
resources.
participation in large e-infrastructure projects. Consider inclusion of
additional Members, especially those with access to resources.
Description of Risk
Limited availability of multiscale data
relevant to medical problem.

Medical experts may not trust results
of simulations, analyses or decision
support systems, and other tools.

Action will develop educational materials (videos, online lectures,
etc.) and provide training (Training Schools), organize Workshops
to provide evidence for quality of results and tools.

Conceptual gap between disciplines is
too challenging for some participants.
Withdrawal of individual Member but
not Member institution.
Withdrawal of Member institution.

Identify and prioritize transdisciplinary needs and training
requirements and accommodate these in Action activities.
Identify new individual within same Member institution.

3.2.

Assess need to replace Member institution. If deemed essential,
identify new Member institution.

Management structures and procedures

The Management Committee (MC) of OpenMultiMed will be the decision making body of the Action.
MC Members are nominated by the COST Member Countries (COST National Coordinators) and
can join the Action during the first three years. The MC is responsible for defining and adapting (if
needed) the Action’s strategy and management structures and procedures. The MC will decide on
participation of WG Members and ad hoc participants as well as WG structures. The MC will also
supervise the appropriate allocation and use of the grant consistent with the scientific and
technological objectives of the Action. The MC will be responsible for preparing the Action’s formal
reports (Progress Reports and Final Report) and coordinating the Action’s formal reviews in liaison
with COST Officers and External Evaluators. The MC will delegate the day-to-day implementation,
coordination and monitoring of the Action’s activities to the Steering Committee comprising the
Action’s Chair, Vice Chair, WG Leaders, Workshop Manager, Training School Manager, Short-Term
Scientific Mission (STSM) Manager, and Dissemination Manager.
The S&T activities of the Action are carried out by the Action’s four Working Groups (WGs). WG
Leaders are responsible for managing the S&T activities needed to achieve the WG’s and Action
objectives, consistent with the strategy and policies defined by the MC. The Workshop Manager and
Training School Manager will oversee the organization of the Action Workshops and Training
Schools, respectively. A crucial element of both the Workshops and the Training Schools is the
transdisciplinary and open-science strategy of the Action. The STSM Manager will oversee the
exchange of researchers within the Network, and make sure that Early-Career Researchers benefit
from STSMs. The Dissemination Manager manages all dissemination activities. Because of the
wide range of dissemination activities and deliverables, the Dissemination Manager may delegate
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specific duties to dedicated managers, e.g. a manager for the Action White Paper or for the Action
Conference at the end of the Action.
All management structures and activities of the Action will make sure that general science principles,
gender and age balance, and ethical and legal aspects, and COST Policies are fully respected and
implemented.

3.3.

Network as a whole

The vision of multiscale systems medicine is faced with extreme levels of complexity along three
major dimensions: Natural complexity (human biology from genome to exposome), conceptual
complexity (knowledge, skills), and technological complexity (methods, tools, systems). To address
this complexity, OpenMultiMed Action adopts a strategy focusing on multiscaleness,
transdisciplinarity and open-science. To implement this strategy, the Action requires a critical mass
of expertise and skills from a diverse set of disciplines, including medicine, mathematics, data
science and computer science. This has been reflected in initial composition of the Network, which
includes experts on systems medicine (e.g. a variety of complex diseases, systems biology,
biomarkers, clinical trials, bioinformatics, computational biology); multiscale modelling, simulation
and analysis (e.g. various mathematical theories, complex systems, systems dynamics,
optimization, numerical techniques); multiscale network science (e.g. graph theoretical
approaches to motif discovery); management, integration and analysis of multiscale data (e.g.
statistics, data mining, machine learning, data warehousing, data and information modelling,
information retrieval); artificial intelligence and machine learning (e.g. ontologies, semantic
networks, experts systems, decision theory and mixed qualitative/quantitative decision support
systems, evolutionary and neural computing); software engineering (requirements analysis and
specification, algorithms, architectures, programming); and large-scale computing (highperformance, distributed, grid, cloud, service computing, e-infrastructures). The Action’s strategy
combined with the S&T and organizational background of all Network Proposers provide a
formidable basis for tackling major challenges and making considerable progress in the field of
multiscale systems medicine.
The geographic dimension of the activities carried out under this Action has been estimated on the
basis of information available during the planning of the Action. In the current composition, the Action
Network Institutions come from 17 COST Country Institutions (some countries are represented more
than once), and one Near-Neighbour Country (NNC) represented with two institutions. The two
institutions from the NNC will add value by covering some specific theoretical and computational
aspects of multiscale systems medicine.
Based on the information available during the planning of the Action, there was a consensus that
some added value could potentially be generated by including a small number of new Members from
International Partner Countries (IPCs). The inclusion of Members from IPCs will be subject of the
first meeting of the MC. The first MC meeting will also define a general policy for including new
Members from COST countries, ITCs, NNCs and IPCs to the Network.
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