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Angiosarcoma is a rare and aggressive cancer of vascular origin that still needs more effective treat-
ment. Recently, propranolol, a beta blocker, was observed to have an encouraging effect [4]. This
project aims to better understand the action of propranolol on angiosarcoma using the close combi-
nation of mathematical modeling with in vitro biological experiments on 3D tumor spheroids.

Spheroids are 3D cell cultures that are used as tumor model. In these experiments, growing spheroids
are observed from above. It is observed that over time, the areas increase and pixel intensities decrease,
suggesting spheroids flattening. The biological observations motivate the need to take into account not
only the volumetric evolution but also the shape and heterogeneity of tumors. We build a PDE-based
model on healthy and tumor cell densities [1]. The reaction-advection dynamics writes

∂tP + ∇ · (vP ) = f(t, P, Q), in D, (proliferative cells),
∂tQ + ∇ · (vQ) = g(t, P, Q), in D, (quiescent cells),
∂tS + ∇ · (vS) = 0, in D (healthy cells),

(1)

where f, g model proliferation, interactions between different cell states, or response to treatment and
D is the domain containing the spheroid. A saturation hyppothesis leads to ∇·v = f(t, P, Q)+g(t, P, Q)
so that cells advection velocity follows from cell proliferation. The system is closed using a Darcy law
v = −K∇Π where Π is the pression and K the constraint tensor.

Under the assumption that spheroids remain spherical, the model can be rewritten in radial coordi-
nates [3]. In our case, this assumption can no longer be made. Consequently, we consider an axial
symmetry along the z-direction together with an ellipsoidal shape hypothesis. This allows to take into
account both the nontrivial spheroid shape and the spheroid heterogeneity. Finally, calibration to the
experimental data requires a robust estimation method. We propose studying the use of a Luenberger
observer to correct the state, coupled with a Kalman filter for the parameters [2].
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