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Introduction

Needle-based biopsies main concern:

- Misdiagnosis may occur, specifically in needle-based biopsies that provide information
limited to the needle size.

E-biopsy
- Molecular harvesting with electroporation.
- E-biopsy enables extraction of specific biomarkers in vivo.

- Can increase the sampled tissue volume in comparison to tissue sampling by a needle
alone.

- Minimally invasive.
- Enables multiple probing in different locations of the lesion.



The e-biopsy method for molecular harvesting from brain
solid tumors ex vivo using electroporation
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Figure 1. e-biopsy technique
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Equation and boundary conditions

Numerical solutions for a Laplace equation that result in the electric field distribution in the brain and
brain melanoma models were performed in QuickField (Tera Analysis, Denmark).

To calculate the electric field distribution, we used Laplace equation:
VU =0

with the following potentials:

VShort, high voltage pulse — 1000V, VLong, low voltage pulse — 50V, Verouna = OV
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Thermal effects

To calculate the power supplied by the pulsed electric field, we used the following equation:

Vaus  Votpf
Qavg — R — R

where Q4,4(W) Is the total average power delivered by square pulse electric field, R (ohm) is the
resistance, Vgys IS the root mean square voltage, V (Volt) is the applied voltage,t,, is the duration of the
pulse and f (Hz) is the frequency of the pulse wave.

To calculate the thermal distribution, we solved the transient heat transfer equation :
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Where T is the temperature (K), y(W K ~'m™1) is the thermal conductivity, ¢, (/ K~* kg™1) is the specific

heat capacitance, t (s) is time, g (Wm™3) is the volume power of heat sources. In our problem g is the
average volume power supplied by a pulsed electric field. We assume that heat is transferred by
convection between the air, and mouse brain, and he convection coefficient with airis a =5 W K1 m2
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Electroporated tissue volume

In this work, we calculated the areas of tumor covered by electric field above two thresholds E_:
500Vcmt and 700Vem . As a first approximation we calculated the visible tumor coverage% as

described in the equation:

Ap>E,
Ay
Where A, is the total area of the tumor in the 2D simulation, E. is the threshold of the electric field

above which the tissue is electroporated, Ag.g. is the area of the tumor in which the electric field is
larger than the threshold electric field required for electroporation.

Visible_Tumor coverage% = 100%

Model A |Model B Model C
Visible_Tumor electroporated area (mm?) (E>500 V cm?) | 4.41+0.02 | 2.219+0.05 0

Visible_Tumor coverage (%) for Ec=500V cm-! 92.47 46.52 0

Visbile_Tumor electroporated area (mm?) (E>700 V cm™) | 3.91+0.01 | 1.346+0.03 0

Visible_Tumor coverage (%) for Ec=700 V cm™ 82.1 28.26 0




Conclusions

E-biopsy probed proteome signature differentiates between melanoma tumor center and healthy
brain in mice.

E-biopsy provide a possibility to detect tumor margins or detect tumor presence near the biopsy
needle .

These findings were corroborated with numerical models.
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