PhysiBoSS-Models: A database for multiscale models
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Abstract. PhysiBoSS is an open-source platform that integrates agent-based
modeling of cell populations with intracellular stochastic Boolean networks,
enabling multiscale simulations of complex biological behaviors. To promote
model sharing and versioning, we present the PhysiBoSS-Models database: a
curated repository for multiscale models built with PhysiBoSS. By providing a
simple Python API, PhysiBoSS-Models provides an easy way to download and
simulate preexisting models through tools such as PhysiCell Studio. By pro-
viding standardized access to validated models, PhysiBoSS-Models facilitates
reuse, validation, and benchmarking, supporting research in biology.

Resumo. PhysiBoSS é uma plataforma de cédigo aberto que integra a mode-
lagem baseada em agentes de populacoes celulares com redes Booleanas es-
tocdsticas intracelulares, permitindo simula¢does multiescalares de comporta-
mentos bioldogicos complexos. Para promover o compartilhamento e o version-
amento de modelos, apresentamos o banco de dados PhysiBoSS-Models: um
repositorio curado de modelos multiescalares construidos com o PhysiBoSS.
Ao oferecer uma API Python simples, o PhysiBoSS-Models permite baixar e
simular modelos preexistentes com facilidade por meio de ferramentas como
o PhysiCell Studio. Ao fornecer acesso padronizado a modelos validados, o
PhysiBoSS-Models facilita a reutilizagdo, validagcdo e comparagdo de desem-
penho, apoiando pesquisas em biologia.

Introduction

The modeling of biological systems increasingly requires the integration of
processes occurring on multiple spatial and temporal scales[Metzcar et al. 2019,
Cappuccio et al. 2015, Montagud et al. 2021]. From intracellular molecular signaling to



cell population dynamics and tissue-level interactions, multiscale models provide a pow-
erful framework to capture the complexity of biological behaviors. Among the tools de-
veloped for this purpose, PhysiBoSS[Ponce-de Leon et al. 2023] has emerged as a versa-
tile open-source platform that couples agent-based modeling with stochastic continuous-
time Boolean networks to simulate the decision-making processes of individual cells
within their microenvironment.

Despite the growing use of PhysiBoSS in fields such as cancer biology and immunol-
ogy, the community still faces important challenges regarding model sharing, model ver-
sioning, and collaborative development. Currently, PhysiBoSS models are often stored
in project-specific repositories, with missing instructions for compilation or information
about compatibility with other tools, limiting their reuse and validation by other research
groups. Models should be made available in public databases, following successful exam-
ples such as BioModels [Malik-Sheriff et al. 2019], and taking into account community
guidelines[Wilkinson et al. 2016, Sauro et al. 2025].

To address this gap, we introduce the PhysiBoSS-Models database, a curated and stan-
dardized resource designed to store, organize, and disseminate multiscale models de-
veloped with the PhysiBoSS framework. PhysiBoSS-Models uses GitHub to store
models, providing powerful version control and enabling automatic testing-deployment
workflows, and is available as https://github.com/PhysiBoSS-Models.
PhysiBoSS-Models aims to promote reusability, facilitate model exchange, and accelerate
the adoption of multiscale modeling approaches across the systems biology community.

1. PhysiBoSS

PhysiBoSS was developed to address the need for simulating biological systems in which
cell-level decision-making depends on complex intracellular signaling, while also ac-
counting for interactions between individual cells and their surrounding environment. The
integration of these two scales is achieved by coupling two modeling approaches:

1.1. Agent-Based Modeling

This layer captures the behavior and interactions of individual cells in a 2D/3D
spatial environment. It allows simulation of processes such as cell proliferation,
migration, death, and response to external stimuli. PhysiBoSS is an add-on of
PhysiCell[Ghaffarizadeh et al. 2018], a widely used agent-based modeling engine for
multicellular systems. To simplify its usage, PhysiCell comes with a graphical user inter-
face, PhysiCell Studio[Heiland et al. 2024], which is fully compatible with PhysiBoSS.

1.2. Stochastic Boolean Modeling

At the intracellular level, PhysiBoSS incorporates MaBoSS[Stoll et al. 2017], a
continuous-time stochastic Boolean framework, to model the dynamics of gene regula-
tory and signaling pathways within each cell. This allows the representation of complex
signaling behaviors without the computational burden of fully quantitative models, mak-
ing it suitable for large cell populations.

However, such multiscale models are very complex to use and to modify as this involves
making custom C++ code. Providing an easy and standardized way to share these models,
including cross-platform precompiled binaries, would greatly facilitate their reuse.



2. Database Design and Implementation

PhysiBoSS-Models has been designed to provide a version-controlled repository for mul-
tiscale models built with the PhysiBoSS framework. To facilitate this aspect, PhysiBoSS-
Models is based on Git and hosted on GitHub, leveraging its robust version control system
for tracking model updates, managing community submissions, and exploiting its contin-
uous integration infrastructure.

2.1. Repository Structure and Content

Each model entry in PhysiBoSS-Models follows a standardized folder structure of a
PhysiBoSS model, including the core PhysiBoSS and PhysiCell source code which al-
lows modelers to pin their model to a specific version of the framework. The model can
also include custom C++ modules that provide specific functionalities. Besides code,
the model contains configuration files such as the XML settings, cell positions, cell
rules[Johnson et al. 2025], or intracellular Boolean models. Finally, modelers provide
a model description in the readme file of the repository and a metadata file (model.yml)
giving structured information such as model version and the list of different configuration
files.

Upon submission of a new model, or for a new version of an existing model, these en-
tries are compiled and packages are generated for Windows, macOS and Linux operating
systems.

2.2. Version Control and Community Contributions

By hosting the database on GitHub, PhysiBoSS-Models benefits from built-in version
control, allowing precise tracking of model updates, bug fixes, and improvements. Re-
searchers can submit pull requests to contribute to new models or propose updates, while
issue tracking enables discussion and resolution of potential problems or inconsistencies.

For each model release, a Zenodo[CERN and OpenAIRE 2013] record is created to en-
sure proper citation and reproduce specific historical versions of a model used in previous
publications.

from physiboss _models impert Database
db = Database()

db.all()

['Invasion-Ruscone', 'PhysiBoSS-Tutorial']
db.download model('Invasion-Ruscone', path='test')

db.current_model info()

{'short name': 'invasion-ruscone',
'version': '2.8.0',
'binary': 'invasion _model',
‘config': ['config/PhysiCell_settings.xml',

‘config/PhysiCell_settings_2D cluster migration.xml®,
‘config/PhysiCell_settings_2D_single cell_migration.xml',
'config/PhysiCell_settings_2D trail migration.xml',
‘config/Physicell_settings_2D p63 ki.xml']}

Figure 1. Example of usage of the Python API, within a Jupyter notebook



2.3. Programmatic Access via Python API

In addition to manual download, PhysiBoSS-Models provides a Python-based API that
allows users to search and retrieve models programmatically, based on keywords. Models
can then be downloaded and unpacked directly into user-defined directories. Finally,
model metadata is accessible for automated workflows in larger modeling pipelines.

An example of usage is shown in Figure 1. This API promotes seamless integration of
PhysiBoSS models into computational pipelines.
2.4. PhysiCell Studio Integration

To make it easily available to most users, we implemented support for PhysiBoSS-Models
in PhysiCell Studio as seen in Figure 2.

Physicell studio: /home/vincent/ Work /code/PhysiBossa/config/cell_cycle/PhysiCell settings.xml

Figure 2. Screenshot of PhysiCell Studio, showing the selection of a specific
configuration file of the PhysiBoSS tutorial.

This allows most users to use PhysiBoSS-Models and run published models in a few
clicks, without technical requirements, which historically limited the access to such mod-
els.

3. Example Models

We started PhysiBoSS-Models with two peer-reviewed models: the demonstra-
tion models from the PhysiBoSS tutorial[Ruscone et al. 2024] and a cancer invasion
model[Ruscone et al. 2023].

3.1. PhysiBoSS tutorial models

The PhysiBoSS tutorial, published in 2024, showcases the new automated mapping func-
tionalities between PhysiBoSS and PhysiCell. It comes with three simple examples
demonstrating different aspects of PhysiBoSS: a TNF-mediated tumor death model shows
how different treatments can lead to different fates, a mechanistic cell cycle model con-
trolled by a Boolean model, and a T-cell differentiation model illustrating the cell-cell



interaction leading to T cell differentiation. Since these three models can run with the
same PhysiBoSS binary, we packaged them together, presenting an example of multiple
configuration files accessible in the same model.

3.2. Cancer invasion model

This model studies the influence of both physical parameters and intracellular signaling
pathways on the different modes of cancer invasion (f.i., single or collective migration)
and was first published in 2023. A new version of this model was then published in the
PhysiBoSS tutorial in 2024. Both versions are accessible in the database under versions
1.0.0 and 2.0.0, respectively.

This list is growing as existing models are submitted and new models are published. The
procedure for submitting models is described on the website. Editors will verify that the
models are compatible with PhysiBoSS and will be added to the database.

4. Discussion and Future Perspectives

The development of PhysiBoSS-Models is an important step toward improving the shar-
ing of published models, transparency, and collaboration in the multiscale modeling com-
munity. By providing a centralized, version-controlled repository with standardized for-
mats and rich metadata, PhysiBoSS-Models addresses barriers that have limited the shar-
ing and reuse of complex models in systems biology. Its integration with GitHub and
Zenodo ensures full version tracking, allowing researchers to cite specific model versions
in studies, enhancing rigor, and enabling independent validation.

The inclusion of cross-platform binaries, removing the need for complex compilation
steps, further lowers the entry barrier for new users. Notably, the integration with Physi-
Cell Studio allows them to implement new models in minutes, instead of hours. More-
over, the Python API extends the usability of PhysiBoSS-Models by allowing researchers
to integrate PhysiBoSS models into larger computational workflows, including automated
parameter sweeps, sensitivity analyses, and visualization pipelines.

Looking ahead, several future developments are planned to expand the scope and impact
of PhysiBoSS-Models. First, we want to extend our database beyond PhysiBoSS to in-
clude any model built with PhysiCell. We also want to produce simulation outputs via our
automatic workflow, allowing users to easily access reference results. Finally, we plan to
provide a quality web interface for browsing models, exploring simulation outcomes and
metadata, and launching simulations of future web-based platforms.

Ultimately, PhysiBoSS-Models platform aims to become a reference resource for mul-
tiscale modeling in systems biology, fostering a more open and collaborative research
environment. By making high-quality models easily accessible and reusable, we hope to
accelerate the development and adoption of predictive simulations in areas such as cancer
research, immunology, and tissue engineering.
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