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Liver metastases are a significant cause of death 

in cancer, but the role of liver tissue mechanics on 

early metastatic seeding and growth is unclear.

The limitations inherent in experimental effort 

pursuing better understanding, including the 

artificial environment of in vitro setups and the 

confounding interactions present in in vivo models, 

can be addressed via mathematical modeling and 

computational simulation. 

In this work, we joined a poroviscoelastic (PVE) 

model and an agent -based model (ABM) to study 

how the mechanical interactions between tumor 

cells and the liver parenchyma (normal liver

tissue) affect cancer metastatic seeding and 

growth within the context of the liver. 

Agent-based models with biotransport

Biotransport:

We used BioFVM [2] to simulate diffusive transport 

of oxygen. By investigating the PVE model [3], we 

constructed a quasi-steady single-lobule model.

Outside tumors: Advection-dominated transport. 

Quasi-steady analytic solution for O2 transport; 

Inside tumors: Diffusion-dominated transport. 

BioFVM-based numeric solution for O2 transport. 

Dimensions (µm)

CV radius 26.5

tPV radius 16

pre-tPV radius 23

Edge length (l) 350

Edge width (w) 303.1

Edge height (h) 350

Lobule depth (d) 30

Poroviscoelastic (PVE) model [1]

We developed a detailed PVE model of interstitial 

flow and tissue mechanics in a single detailed liver 

lobule. We investigated flow and tissue 

deformation in the case of an unobstructed lobule, 

and in the case of partial tumor obstruction.

PVE results

From the investigation, we found that the flow velocity increases in an 

approximately exponential pattern from edge to center in the control 

situation (tumor-free). When tumor is present, the flow velocity depends 

upon additional assumptions on tumor pressure. Also the strain varies 

considerably. 

ABM results

Tumors reached smaller sizes when growing in liver tissues that could 

tolerate large deformations (agent displacements). These agents imposed 

larger elastic forces on tumor cells, resulting in mechanobiologic growth 

arrest, even with readily available growth substrates.

In this work, we studied flow and tissue mechanics within a single liver 

lobule with PVE model, and then used the PVE results to investigate tumor-

parenchyma interactions with an ABM. The results show biomechanical 

interactions (adhesive, repulsive, and elastic forces on short time scales, 

and plastic reorganization on longer time scales) play a very important role 

in a tumor cell’s metastatic seeding and growth within liver tissues.

PVE computational model Quarter lobule dimensions

Mechanobiologic model:

We used PhysiCell [4] to simulate interactions 

between tumor cells and liver parenchyma. 

• Elasto-plastic model in parenchyma, and that 

parenchyma agents apoptose if their 

displacement exceeds a maximum tolerated 

displacement

• Tumor mechanical pressure (based on 

interaction potentials) can arrest tumor cycle 

progression

The distribution of oxygen of outside and inside of tumor within liver tissue 

Xml2jupyter [6] lets us create 

Jupyter GUIs for PhysiCell-related 

applications running on nanoHUB. 

One such app related to this work 

[7] lets anyone interactively run the 

simulation in a web browser on 

cloud-hosted resources.

To explore the random 

metastasis, we set a 

seeding rate per voxel 

firstly and then sampled 

it to random seed tumor 

cell in some voxel. Next 

step, we plan to study 

how does the stochas-

ticity affect random 

seeding process.  

Random Metastasis

Tumors tend to exploit 

weaknesses in the 

material, leading to 

morphological 

instability. The results 

are similar to Macklin 

& Lowengrub’s work, 

where tumor growth 

into mechanically 

non-compliant tissue 

gave more fingered 

growth [5]

Simulation result from Macklin & Lowengrub [5]

Try this model yourself!

https://nanohub.org/tools/pc4livermedium

https://nanohub.org/tools/pc4livermedium

