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Abstract
In this work, we present some directions for research in multi-agent systems that may have useful and interesting
applications in medicine and healthcare. Specifically, we focus on three possible applications: improving our
understanding of how complex behavior may arise from the interaction of brain cells and how this can be
affected; improving our understanding of metastasis formation, and how this can be inhibited; and improving the
diffusion of preventive healthcare programs, particularly among hard-to-reach and more vulnerable segments of
the population.

1. Introduction

In the last years we observed an explosion of AI tools applied to medicine and health. Examples can be
found in advanced imaging analysis [1], predictive analysis [2], robotic surgery [3], and personalized
medicine [4]. Most of these tools exploit recent developments in modeling agents and enhancing their
learning capacities. However, a marginal role in this explosion has been played by the area concerning
the analysis and control of multi-agent systems (MAS) [5]. In this area, the goal is to investigate the
global behavior of a complex system arising from the communication, coordination, and interaction
among (non necessarily collaborating) multiple agents, and to engineer tools able to drive this behavior
towards desired goals.

MASes recently achieved successful applications in many different settings ranging from the design
of AI-based agents able to super-human performances in poker and other similar games [6], to the
successful organization of patrolling in airports, ports, and reserves (see, e.g., [7]).

We believe that the area of MAS may provide an important contribution to medicine and health
fields. Indeed, in this work, we are willing to enlist and discuss a few of the possible research areas in
medicine and health that may benefit from the adoption of MAS tools. Note that neither this list, nor
the specific problems discussed therein, has to be thought to be exhaustive: we are just focusing on a
few problems/directions about which we have the expertise to contribute. Still, we hope that this list
can provide inspiration and useful references to AI researchers to contribute both to the progress of
MAS to make them more tailored to medicine and health applications, and to the progress of medicine
and health through the adoption of MAS tools.

2. Multi-Agent Systems for Modeling the Brain Structure

The brain is a very complex systems that consists of billions of cells connected by synapses. Only
recently we were able to fully reconstruct the entire brain connections for some simple animal organisms
[8], and only partial connections for humans [9].
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It has been evident for a long time that the complex behaviors and functions of the brain (perception,
cognition, memory, emotion, etc) cannot be understood by the individual study of brain cells and/or of
their synapses. These behaviors and functions are a result of the interaction among different brain cells
and or synapses. This has naturally lead researchers to model the brain through networks, where nodes
(i.e., neurons) are connected through links (synapses, gap junctions), and to use tools of network science,
such as the analysis of degree distribution, community structure, and degree distribution, to improve
the analysis of both the structure and the functionality of the brain as well as its evolution [10]. The
network model of the brain and the tools from network science are still insufficient to capture most of
the complex behaviors of this organ. This is because a network representation of the brain still fails to
model important features. For example, the connections among neurons may happen through synapses,
gap junctions, neuromodulators, and circulating gut peptides, with each different connection having
different properties [11]. Similarly, brain cells also have different functional and structural properties,
since they change in geometry and morphology, and hence signals received through connections may
affect their metabolism in different ways [12].

Anyway, MAS and Network Science have been able since long time in modeling complex systems
and studying their structural properties that enable global behaviors from the interaction of their
components [5]. For example, in MAS, researchers have considered more complex interactions than
simple dyadic links, as, for example, interactions about coalitions of agents, possibly hierarchically
organized. This leads to a representation of the brain through more complex structures such as multi-
layer [13] and hypergraph networks [14]. These would help to model the difference in connections
among brain cells. Research in MAS, moreover, may help to find useful structural properties of these
complex networks that would be useful for improving our understanding of the brain (see, e.g., the
concept of segregation [15] and its modeling of how specialized subsystems of the brain maintain
distinct roles while still integrating within global functions). Similarly, research in MAS has been able to
model interactions between different agents, differing both in their type and in how events affect their
welfare. This can be achieved through game-theoretic models and techniques. This kind of research
allows for the prediction of emerging behavior from the interaction among these different agents,
through well-known concepts of Nash equilibria or more fine-grained stability concepts [16, 17].

Another relevant feature of brain structure that has been often observed is its dynamical nature
[18]: interactions among brain cells evolve over time, with old connections disappearing and new
connections being created. Even more interesting, this structural dynamics co-evolves with the evolution
of functionalities [19]: some functionality allows synapses to form and change, but this in turn enables
new functionalities. Again, these dynamical and co-evolving aspects of interactions are not new to
MAS research (see, e.g., [20]).

Hence, it may be beneficial to deepen this research, trying to embed in these models specific features
of brain cells and their interaction, and for the other side to use these tools for explaining and predicting
complex behavior of the brain, or also to engineer possible interventions.

3. Multi-Agent Systems and Metastatic Formation Understanding

Metastasis [21] is a complex process where cancer cells spread from the primary tumor to distant organs
in the body. While significant advances have been made in treating localized primary tumors through
surgery, radiation, and targeted therapies, metastatic disease remains largely incurable and accounts
for approximately 90% of cancer-related mortality [22]. This stark statistic underscores the critical need
for improved understanding of metastatic processes and the development of more effective therapeutic
strategies targeting metastasis.

The clinical management of metastatic disease presents unique challenges compared to primary
tumors. While primary tumors typically occupy a single anatomical location and may be amenable to
direct intervention, metastatic disease is characterized by multiple tumor deposits dimetastatic cells
often exhibit enhanced resistancestributed across diverse organ systems [23]. This spatial distribution
not only complicates surgical approaches but also necessitates systemic treatments that must navigate



complex barriers while minimizing toxicity to healthy tissues [24]. Furthermore, metastatic cells often
exhibit enhanced resistance to conventional therapies, having already survived the selective pressures
of the metastatic cascade, including detachment from the primary tumor, survival in circulation, and
colonization of foreign tissue microenvironments. A particularly intriguing aspect of metastasis is its
non-random nature. Specific cancer types exhibit predictable patterns of organ-specific metastasis, a
phenomenon termed "metastatic tropism" [25]. This and other similar patterns suggest that metastasis is
not simply a passive stochastic process. Understanding the mechanisms driving these organ preferences
could reveal critical vulnerabilities in the metastatic process and identify novel therapeutic targets.

Today, metastasis is understood as a complex, multi-step process involving bidirectional communica-
tion between tumor cells and host microenvironments, with roles for primary tumors, circulating tumor
cells, distant organs, and the immune system [23]. This dynamic interplay suggests that metastatic
cells engage in sophisticated decision-making processes when selecting and adapting to new tissue
environments; a perspective that invites modeling approaches capable of capturing these strategic
interactions.

Research in MAS faced the interaction among this strategic components several times: this has
been concretely and efficiently modeled through game-theoretic and computational tools. Various
game-theoretic approaches have been already applied in cancer research to understand different mech-
anisms including tumor growth, invasion dynamics, cooperation among cancer cells and treatment
resistance [26, 27, 28]. Still these contributions mainly focus on the evolution of the metastasis within
an organ and its treatment resistance, but they fail to explain other features, such as metastatic tropism,
i.e., why some metastatic cells happens to aggregate mainly in specific organ microenvironments,
and not in others. We believe that MAS reasearch can provide useful tools to address this issue. For
example, hedonic games [29] have been heavily used for modeling how agents form stable coalitions
based on their preferences for being part of different groups. This parallels the biological situation
where metastatic cells “choose” specific organ microenvironments that maximize their survival and
proliferation potential.

4. Multi-Agent Systems for Public Health Prevention Campaigns

Prevention is fundamental in order to guarantee individual health. This is even more important for
public health, i.e., protecting the population from infectious diseases. While this aspect has been recently
highlighted by the COVID-19 pandemic, it emerges as relevant in most of the medical literature about
these diseases. For example, the 2024 report of the Joint United Nations Programme on HIV/AIDS
(UNAIDS) (https://crossroads.unaids.org/) states that “much more effort and urgency is required to
accelerate prevention”, especially towards “marginalized people” to address the goal “to end AIDS as a
public health threat by 2030”. Can AI help in identifying critical subjects that can help in enlarging the
participation to prevention campaigns, in particular among categories of marginalized people that are
difficult to reach with the normal information channels (e.g., homeless, sex-workers, drug-addicted,
prisoners), i.e., the ones for whom the access to campaign is usually more difficult? Can AI help to
"convince" these people to enroll in these prevention campaigns, and prevent them from dropping out?

We believe that research in MAS has the potential to contribute in this direction. Indeed, the study of
influence maximization and opinion formation [30] has recently become a very active subject within this
area, where the objective is to analyze how the information diffuses in a network, how the formation
of opinion is affected from this diffusion, and how it is possible to influence these processes. Some
of these tools have already been successfully applied to public health prevention. For example, some
studies have approached the problem of HIV prevention initiatives among homeless youth from the
perspective of maximizing influence [31], or the prevention of maternal and neonatal health issues
among pregnant women [32].

These applications can help research in MAS to identify new problems of interest, whose solution
may help to improve the efficiency of health prevention policies. An example of a possible direction is
to work with only partial knowledge of the setting, such as partial knowledge of relationships, their
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effectiveness in spreading information, or prior preferences by people. Online learning techniques have
been recently applied to deal with this partial information [33]. It would be interesting to investigate the
extent to which these tools can be useful. Other possible direction is to consider (co)-evolving networks,
in which the relationship among people depends also on the actions that they take, or privacy-aware
agents, to guarantee that revealed health-relevant information cannot damage agents itself.

5. Conclusions

In this work, we discussed some possible research directions in MAS that can have applications
in medicine and health. We believe that advances in MAS can be very useful for improving the
understanding of living bodies and thus leading to progress in medicine and public health. We invite all
interested readers to join us in this research direction.
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