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Isolation of CTCs

Liquid biopsy, particularly the isolation of circulating
tumor cells (CTCs) from blood, is a promising approach
in the fight against cancer. CTCs are cells that have been
shed from the primary tumor or metastatic deposits and
circulate through the bloodstream. The analysis of CTCs
and their quantification in blood can be used to diagnose
cancer, for prognostic evaluation, treatment
stratification and treatment monitoring, as shown in the
review by Lin et al. [1]. However, the reliable isolation
of CTCs continues to be a technical challenge [2,3]. This
is due to their rarity in blood: it is assumed that there are
less than 10 CTCs / mL in cancer patients [4].

To overcome the limitations of current isolation
methods, screening large blood volumes in vivo was
recommended to increase CTC yield [5]. Therefor the
company Invicol (Berlin, Germany) developed the
BMProbe™: A minimally invasive device with a
twisted geometry to increase the interaction with blood
and the screened blood volume.

CFD study

In this study, using multiple Computational Fluid
Dynamics (CFD) simulations, the efficiency of the
BMProbe™ is quantified. In the following, the term
efficiency refers to the ability of the probe to isolate
CTCs from the bloodstream. Since a direct simulation
of cell attachment has many limitations, high
computational costs and is usually associated with
inaccuracies, the efficiency in this study is determined
indirectly via three parameters that are known to have
an influence on cell attachment. These parameters
include the screened blood volume, the residence time
of cells near the probe s surface and the transport of cells
to the probe’s surface (negative wall normal rate).
Further, the influence that the geometry of the
BMProbe™, the vein diameter and the blood flow
velocity have on the efficiency of the BMProbe™ is
presented.

Results

The numerical data suggests that the geometry has a
strong influence on cell binding efficiency. Increasing
the number of windings improves the transport of cells

T

to the surface (negative wall normal rate) and the
screened blood volume but decreases the residence time
of particles in the close vicinity of the probe. When
compared to experimental data, the screened blood
volume and the wall normal rate indicate cell attachment
very well, whereas the residence time does not show a
significant impact on the attachment of cells. For the 32-
windings BMProbe™, the screened blood volume is
determined to be 130 mL — 313 mL, depending on the
vein diameter, which is a multiple of the volume
achieved by common CTC isolation techniques.
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