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Quantification of the structure of in-vivo tumour vasculature

Images of the tumour vasculature were obtained in a previous research study by Vakoc
et al. [1] using the optical frequency domain imaging (OFDI) technique. The mammary
adenocarcinoma MCaIV-cell line was implanted in the dorsal skinfold chamber of
severe-combined immunodeficient mice. Tumours were allowed to grow to a size of
approximately 5 mm, which is considered sufficient for a well developed tumour vascular
network. Subsequently, high resolution 3D images of the entire tumour vasculature were
collected using OFDI angiography. Imaging was performed every second day so that at
least five imaging sets per tumour were obtained at different time points. To quantify
the structure of the tumour vasculature obtained with the OFDI technique or generated
by the computer simulations, we used two measures of vascular geometry: the maximum
distance in the tissue from the nearest blood vessel, δv-max, and a measure of the shape
of the spaces between vessels, λv. In previous research [2] it has been shown that the
values of these measures are distinct between normal and tumour vessels. A detailed
description of the algorithms used for the derivation of the values of these parameters
can be found in the paper of Baish et al. [2]. Briefly, the 3D images were binarised and
random walk simulations of one million walkers were carried out. Walkers were released
at random voxels in the extravascular space. At each time step, the walkers were
allowed to move at random to an adjacent voxel until they reach the wall of a
neighbouring blood vessel and the distance between the initial position of the walker
and the vessel wall was recorded. Subsequently, the number of walkers was plotted as a
function of the distance to the vessels. The maximum distance to the vessels was
described by the quantity: δv-max, while the parameter λv was derived from the slope of
the plot at the range: δv < δv-max/3.
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