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Add-on cap and system for electroporation

The present disclosure relates to an add-on cap for an instrument, such as an
endoscope, for electroporation of tissue. The disclosure further relates to a system for
electroporation of tissue, comprising the add-on cap, and to a method for

electroporation of tissue.

Background of invention

Electroporation is a medical and molecular biology technique in which an electric field
is applied to cells or molecules in order to increase the permeability of the cell
membrane, allowing chemicals, drugs, or DNA to be introduced into the cell.
Electroporation has a number of possible fields of application, and can be used both
reversibly and irreversibly. In a typical electroporation process, short and intense
electric pulses are generated to transiently permeabilize the cell membrane.

In reversible electroporation, which may be used in relation to for example
chemotherapy, the electric field is below an electric field threshold and allows the cell to
repair after the treatment. Reversible electroporation may involve getting a substance,
such as a drug or gene, into a cell or molecule that is normally not permeable for this
substance without inducing cell death. The electric field threshold for a cell is individual
for the cell. In irreversible electroporation the electric field is greater than the electric
field threshold, which creates permanent nanopores in the cell membrane disrupting
the cellular homeostasis. As a consequence the cell dies by apoptosis.

Reversible electroporation is known and performed both in vitro and in vivo. In vivo
electroporation is typically performed using needle electrodes that are inserted into for
example a tumor and surrounding tissue. One device for reversible electroporation is
the Cliniporator system. Irreversible electroporation may also be performed in vivo.
One device for irreversible electroporation is the NanoKnife system which also uses

needle or spear like electrodes.

WO 2011/030322 describes an apparatus for carrying out research experiments and
prophylactic or treatment procedures on tissue comprising a chamber for receiving
tissue and a receiver for receiving an instrument such as an endoscope. Vacuum
draws tissue into the chamber, in which electroporation is applied by means of

electrodes.
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Summary of invention

The present disclosure relates to an improved add-on cap for electroporation of tissue
comprising: at least one closed sidewall, such as a cylindrical sidewall; a proximal open
end; a distal open end; the at least one closed sidewall and the proximal and distal
open ends defining a hollow body having an internal volume; and two electrodes on
opposite sides of the internal volume, the electrodes configured to apply an electric
field for electroporation of tissue inside the internal volume, wherein the proximal open
end is adapted to be sealingly engaged to a tip of an instrument, such as an

endoscope.

Since the cap with two internal electrodes has two open ends, of which one can be
sealingly engaged with the tip of the instrument, the cap can easily be attached and
used with an endoscope to perform electroporation, while providing visibility both when
positioning the device before the electroporation and during the electroporation by
imaging tissue that is aspirated into the cap from the inside of the cap. If a vacuum
generator is connected to the internal volume through the endoscope, the tissue can be
treated inside the cap without the need for needle electrodes while the process is

observed from the inside of the cap.

The presently disclosed add-on cap can be attached directly to the tip of an
endoscope. The term endoscope is to be construed as any endoscope, including rigid
and flexible endoscopes. Preferably the at least one closed sidewall and the open ends
of the cap form a combined receiver for the instrument and internal volume for
electroporation of tissue, such that the add-on cap extends in an axial direction of the
instrument. The cap may therefore have a substantially cylindrical shape with two open
ends, wherein the proximal open end fits an endoscope. Electric wiring to the
electrodes may be provided by means of cables on the outside of the closed sidewall,
wherein the cables are connected to the electrodes through holes in the closed
sidewall. By arranging the cables on the outside, the cap with cables can be easily
attached to the tip of the endoscope by threading the proximal open end over the tip.
The cables can then run along the endoscope on the outside of the endoscope and can
for example be clipped onto the endoscope. This setup further improves both the
visibility inside the internal volume and the possibilities of additional (action) inside the
internal volume, such as biopsy and/or chemotherapy by injection, during

electroporation.
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The present disclosure further relates to a system for electroporation of tissue
comprising: an endoscope; the presently disclosed add-on cap adapted to be mounted
on the tip of the endoscope and extending in an axial direction of the endoscope; and

an electric current generator.

The present disclosure further relates to a method for electroporation of tissue using
the presently disclosed system, wherein the add-on cap is mounted on the tip of the
endoscope, comprising the steps of: positioning the distal open end of the add-on cap
adjacent to tissue to be treated with electroporation, wherein the positioning is visually
assisted by imaging through the add-on cap from the distal open end to the proximal
open end; applying vacuum in the internal volume through the proximal open end of the
add-on cap, thereby aspirating tissue into the internal volume; and electroporating the
aspirated tissue by applying an electric field between the electrodes of the add-on cap.
The imaging can be provided through a normal lens of the endoscope. In one
embodiment the method comprises the steps of: before electroporation of the aspirated
tissue, measuring the impedance between the two electrodes and comparing against a
predetermined impedance threshold; and, based on the comparison, determine if
electroporation is to be started. The combination of visual observation of the cap
throughout the process of positioning the cap and aspiration of tissue and measuring
the impedance between the electrodes provides an efficient way of ensuring that the
electroporation is performed correctly. Measuring the impedance may provide
information about the contact between the electrodes and the aspirated tissue, and
about the characteristics of the material, which may be further used to inform the user

of a result of a treatment.

Description of drawings

Fig. 1 shows a first embodiment of the presently disclosed add-on cap for
electroporation.

Fig. 2 shows the add-on cap of fig. 1 from a different angle.

Fig. 3 shows the add-on cap of figs. 1-2 from a different angle.

Fig. 4 shows a second embodiment of the presently disclosed add-on cap for
electroporation.

Fig. 5 shows the add-on cap of fig. 4 mounted on the tip of a gastroscope.
Fig. 6 shows a view from the inside of the presently disclosed add-on cap for

electroporation, the cap being position in the bowel cavity.
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Fig. 7 shows a view from the inside of the presently disclosed add-on cap for
electroporation, wherein intestinal mucosa is aspirated into the cap.

Fig. 8 shows a view from the inside of the presently disclosed add-on cap for
electroporation, wherein intestinal mucosa is aspirated into the cap and a sclerotherapy
needle is used to inject a substance into the aspirated tissue.

Fig. 9 shows a view from the inside of the presently disclosed add-on cap for
electroporation, wherein a biopsy forceps is used to collect a sample of the intestinal

mucosa.

Detailed description of the invention

The present disclosure relates to a cap for electroporation of tissue comprising:

- atleast one closed sidewall, such as a cylindrical sidewall; a proximal open
end; a distal open end; the at least one closed sidewall and the proximal
and distal open ends defining a hollow body having an internal volume;

- two electrodes on opposite sides of the internal volume, the electrodes
configured to apply an electric field for electroporation of tissue inside the
internal volume,

wherein the proximal open end is adapted to be sealingly engaged to a tip of an

instrument, such as an endoscope.

The terms ‘proximal’ and ‘distal’ in the present disclosure are defined in relation to the
instrument i.e. the proximal end of the cap is located towards the instrument and the

distal end of the cap is located towards the tissue.

The fact that the cap has two open ends, of which one can be sealingly engaged with
the tip of the instrument such as an endoscope, makes it possible to attach it to the tip
of the scope such that an electroporation process can be performed while the user has
visibility through the cap. The prior art device disclosed in WO 2011/030322 has one
receiver for receiving an instrument and one chamber, wherein the receiver and
chamber are radially offset. In the presently disclosed cap, a closed sidewall forms a
hollow body with two open ends, of which one is directly attached around the tip of the
instrument. Thereby, the user will have visibility throughout an electroporation process.
In a first phase, during positioning of the cap, the user will have visibility through the
cap, which forms and extension of the scope. In contrast to the device in WO
2011/030322, the user is able to see the tissue in front of the cap. The visibility can be

provided by means of standard imaging capabilities of e.g. an endoscope. In a second
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phase tissue is drawn into the cap by means of a vacuum generator connected through
the endoscope. In the second phase the user is able to observe the tissue being drawn
into the cap from the inside of the cap. In a third phase electroporation is performed by
applying an electric field through the electrodes in the hollow body. The add-on cap can
therefore be mounted directly on the tip of an instrument and used without being further
adapted to an existing system. Preferably, the cap is provided with cables connected to
the electrodes. In one embodiment the cables are mounted on the outside on the
closed sidewall and connected to the electrodes through holes in the closed sidewall.
By arranging the cables on the outside, the cap with cables can be easily attached to
the tip of the endoscope by threading the proximal open end over the tip. The cables
can then run along the endoscope on the outside of the endoscope and can for
example be clipped onto the endoscope. The presently disclosed add-on cap may
therefore be seen as a device capable of providing electroporation to an endoscope
without need for further integration, while allowing visual observation of both the

positioning and the actual electroporation through the cap.

Preferably, the at least one closed sidewall and the two open ends of the cap form a
combined receiver for the instrument and internal volume for electroporation of tissue,
such that the add-on cap extends in an axial direction of the instrument. In one
embodiment the longitudinal axis of the add-on cap is an extension of the longitudinal
axis of the instrument when the cap is attached to the instrument. In this configuration
there is direct visibility from the proximal open end to the distal open end. The sidewall
may be formed as an extension of the instrument. The distal open end may be an

opening substantially perpendicular to an axial extension of the instrument.

‘Vacuum’ may generally be referred to a pressure much less than atmospheric
pressure. In relation to the present invention, ‘vacuum’ is construed broadly as an at
least partial vacuum (imperfect vacuum) with the intention that the vacuum is capable
of drawing tissue into the cap. In one embodiment the proximal open end is sealingly
engaged to the instrument such that vacuum can be applied in the internal volume
through the proximal open end. In this regard the internal volume of the cap may be
seen as a closed volume during electroporation since the proximal end is sealingly
engaged to the tip of the instrument and the distal end open end is typically sealed by
tissue that is drawn into the cap. The internal volume may therefore be substantially
sealed from both open ends when vacuum is applied through the proximal open end

and tissue is drawn into the internal volume through the distal open end.
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There are several options and scenarios for using the cap for electroporation. One
option is that a substance, such as a drug, is added to the circulatory system. During
the electroporation process the permeability of the cell membrane is increased, which
allows the substance in the circulatory system to be translocated into the cell. A second
option is to fill the internal volume with a liquid comprising chemicals, drugs, a gene
therapy vector, siRNA, or DNA to be introduced into the cell through the proximal open
end while tissue is inside the cap and blocks the distal open end of the cap. Adenoviral
CRISPR-Cas vector delivery may also be done using this option. During this process it
is possible to observe the treatment from the scope from the inside of the cap. A third
option, which is possible with the presently disclosed add-on cap for electroporation, is
to use an injection needle through the add-on cap to inject a substance in the tissue.
Also in this scenario it is an advantage that the injection can be observed visually

through the cap.

Physical properties of the cap

The cap may be dimensioned to fit a number of instruments, such as an endoscope,
including gastroscopes, colonoscopes, cystoscopes, nephroscopes, bronchoscopes,
sigmoideumscopes and borescopes. The diameter of the cap, in particular the diameter
of the sidewall, may be for example 1-20 mm, or 5-20 mm, or 10-20 mm, or 5-15 mm,
or 5-10 mm. In one embodiment, suitable for gastroscopes for use in the stomach and
duodenum, the cap has an outer diameter of 8.8 mm. In another embodiment, suitable
for colonoscopes for use in the large intestine, the cap has an outer diameter of 13.2
mm. In one embodiment, suitable for flexible cystoscopes for use in the urinary bladder
and ureter, the cap has an outer diameter of 2.7 mm. Other possible and known outer

diameters of caps are 13.9 mm and 14.9 mm.

The length of the cap, i.e. the distance between the two open ends, may be for
example in the range of 1-20 mm, or 5-20 mm, or 10-20 mm, or 5-15 mm, or 5-10 mm.
A suitable length can be said to depend on the diameter of the sidewall and also has to
take into account the visibility through the cap from the inside of the cap. A longer cap
will have less visibility outside the cap than a shorter. On the other hand, a longer cap
has a larger internal volume, which may be useful for example for treating more tissue.
Therefore a suitable combination of diameter and length may be a diameter between 5

and 15 mm and a length between 5 and 15 mm.
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Preferably, the proximal end of the add-on cap fits an exterior surface of a distal end of
the instrument. In this regard the at least one closed sidewall may be shaped such that
it can be snapped or threaded onto the tip of the instrument, which typically has a
circular cross-section. The open proximal end may therefore be substantially circular
and the at least one closed sidewall may be a substantially cylindrical closed surface.
The proximal and distal open ends may then be represented by a top and bottom part
of a cylinder. The at least one closed sidewall and the open ends may form an
endoscopic cap. The hollow body, or at least a proximal section of the closed sidewall,
may be tapered and/or conical and/or funnel shaped in order to be sealingly attached
around the tip of the instrument. The closed sidewall may furthermore be seen as an
extension of the instrument in an axial direction of the instrument when the cap is

mounted on the instrument.

Although there are two electrodes on opposite sides of the internal volume on the
inside of the closed sidewall it may be possible in some embodiments to further
increase the visibility by using a transparent cap. The presently disclosed add-on cap
may be therefore be a transparent endoscopic cap, such as a hollow transparent
cylinder. The add-on cap may be made of a plastic material and/or silicone and may

have a smooth exterior surface to avoid that tissue is damaged.

Other shapes and cross-sections of the cap are also possible. For example the hollow
body may have a substantially rectangular three-dimensional shape. A cross section of
the hollow body may also be elliptical or form a polygon, preferably an equilateral
and/or convex polygon, a polygon such as a triangle, square, pentagon, hexagon, or a

heptagon.

Temperature sensor(s), impedance measurement, electric properties

The presently disclosed add-on cap for electroporation of tissue may further comprise
at least one temperature sensor in the internal volume. Preferably, the at least one
temperature sensor is mounted on the inside of the at least one closed sidewall
between the two electrodes. Generated heat is a factor to take into account for in vivo
electroporation. If too much heat is dissipated, surrounding tissue in the body may be
damaged. The fact that the add-on cap may provide a closed internal volume during
electroporation when tissue is drawn into the cap protects surrounding tissue during the
process. A temperature sensor may be placed on the inside of the at least one closed

sidewall between the two electrodes where it does not interfere with the process and



10

15

20

25

30

35

WO 2017/216102 PCT/EP2017/064280

8

the visibility through the cap. A temperature sensor may keep the user informed
whether there is any risk of damage of surrounding tissue throughout the
electroporation process. If the measured temperature is above a predetermined

temperature threshold, the electroporation can be stopped manually or automatically.

In one embodiment two temperature sensors are mounted on opposite sides of the
internal volume between the two electrodes. Two sensors on opposite sides provide
additional security by avoiding that only the temperature on one side is measured and

the temperature is accidently higher on the other side.

In a further embodiment of the add-on cap the two electrodes are configured to
measure an impedance between the two electrodes. The two electrodes may be planar
electrodes mounted on the inside of the at least one closed sidewall. Impedance is
defined as the frequency domain ratio of the voltage to the current. Impedance can be
said to be an AC property which cannot be measured as easily as a resistance.
Measurements of impedance may be carried out at one frequency, or the variation of
device impedance over a range of frequencies may be of interest. For the present add-
on cap the impedance may for example be carried out a measurement frequency of

approximately 50 kHz.

The electroporation process may be used both for reversible and irreversible
electroporation. The applied voltage is not limited to any voltage range but may be
between 30 and 400 V. The applied pulses may have a length of 10 ys to 1000 us,
more preferable between 200 ys and 800 ps, even more preferable between 500 s
and 700 ps, such as 600 ps. The time between the pulses may be 10 ms to 1000 ms,

preferably between 10 ms and 500 ms, more preferably between 10 and 200 ms.

System for electroporation of tissue

The present disclosure further relates to a system for electroporation of tissue
comprising:
- an endoscope;
- an add-on cap as described above, the add-on cap adapted to be mounted
on the tip of the endoscope and extending in an axial direction of the
endoscope; and

- an electric current generator.
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The endoscope may be a gastroscope, or a colonoscope, or a cystoscope, or a
nephroscope, or a bronchoscope, or a borescope. The system may further describe a
vacuum generator in connection with the internal volume through the proximal open
end of the add-on cap. Endoscopes typically have internal channels which can be used

to apply a vacuum.

The system may further comprise means (a device) for measuring an impedance. The
system may further comprise processing means and/or a processing module. The
processing module could be a computer or part of a computer. The processing module
may be configured to measure and process the impedance between the two
electrodes. The impedance can then be compared against a predefined threshold in
order to determine if electroporation can be started. The impedance check can be
automatic and and/or may also involve an indication to the user whether the measured

impedance is above or below the threshold.

The processing module may also be configured to compare a temperature measured

by the temperature sensor(s) against a predetermined temperature threshold.

The add-on cap and system may comprise a pair of cables. The cables connected to
the electrodes may be positioned on the outside of the endoscope along the
endoscope. By arranging the cables on the outside, the cap with cables can be easily
attached to the tip of the endoscope by threading the proximal open end over the tip.
The cables can then run along the endoscope on the outside of the endoscope and can

for example be clipped onto the endoscope.

The system may further comprise a biopsy forceps for taking a sample from the tissue
and/or a hypodermic needle for injecting a substance into the tissue. The presently
disclosed add-on cap enables visibility inside the internal volume during

electroporation.

Method for electroporation of tissue

The present disclosure further relates to a method for electroporation of tissue using
the system according to the present disclosure, wherein the add-on cap is mounted on
the tip of the endoscope, the method comprising the steps of:

a) positioning the distal open end of the add-on cap adjacent to tissue to be

treated with electroporation, wherein the positioning is visually assisted by
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imaging through the add-on cap from the distal open end to the proximal
open end;

b) applying vacuum in the internal volume through the proximal open end of
the add-on cap, thereby aspirating tissue into the internal volume; and

c) electroporating the aspirated tissue by applying an electric field between the

electrodes of the add-on cap.

The method may use any variant of the presently disclosed add-on cap and system.
The steps are sequential. One advantage in relation to the devices and methods that
are known in the art is that the whole process may be visually assisted by an imaging

modality from the inside of the cap.

Since the system may comprise a processing module configured to measure and
process the impedance between the two electrodes, it is possible to measure the
impedance and compare against a predefined threshold to verify that the electrodes
have good contact with the tissue before the electroporation starts. In one embodiment
electroporation is started if the measured impedance is below the predefined
impedance threshold. The method may further comprise the steps of:

i. before electroporation of the aspirated tissue, measuring the impedance
between the two electrodes and comparing against a predetermined impedance
threshold;

ii. based onthe comparison, determine if electroporation is to be started.

Steps i) and ii) are preferably performed sequentially between steps b) and c¢).

If the measured impedance is above a predefined impedance threshold it may show
that the contact between the electrodes and tissue is not satisfactory. In this case the
distal open end may be repositioned to have a better position or angle. In one
embodiment the steps a-b and i-ii may be iteratively repeated until the tissue is
arranged such that the measured impedance is below the predefined impedance
threshold.

The method may further comprise the step of measuring the temperature inside or
outside the add-on cap during electroporation. If the temperature exceeds a predefined
temperature threshold the electroporation may be stopped or interrupted in order not to

damage surrounding tissue (step ¢).
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Detailed description of drawings

The invention will in the following be described in greater detail with reference to the
accompanying drawings. The drawings are exemplary and are intended to illustrate
some of the features of the presently disclosed add-on cap and system for
electroporation, and are not to be construed as limiting to the presently disclosed

invention.

Fig. 1 shows a first embodiment of the presently disclosed add-on cap (1) for
electroporation. The cap has a closed sidewall (2) two electrodes (3) on opposite sides
of the internal volume. In the example there are two temperature sensors (4) on
opposite sides of the internal volume between the two electrodes (3). A proximal open
end (5) is designed to be sealingly engaged to fit the tip of an endoscope. A first pair of
cables (6) are connected to the temperature sensors (4) and a second pair of cables

(7) are connected to the electrodes (3).

Fig. 2 shows the add-on cap (1) of fig. 1 from a different angle. It can be seen that a
proximal section (14) of the closed sidewall (2) is slightly tapered to fit the tip of an
endoscope. The cap also has a distal section (15) which may be transparent. Tissue

may be drawn into the cap through the distal open end (8).

Fig. 3 shows the add-on cap (1) of figs. 1-2 from a different angle. The closed sidewall

(2) has a substantially circular cross-section.

Fig. 4 shows a second embodiment of the presently disclosed add-on cap (1) for
electroporation. This embodiment does not have any temperature sensors. The

sidewall (2) is substantially cylindrical.

Fig. 5 shows the add-on cap (1) of fig. 4 mounted on the tip of a gastroscope (9). It can
be noted that the first pair of cables (6) connected to the temperature sensors (4) and
the second pair of cables (7) connected to the electrodes (3) are placed outside the

gastroscope (9).

Fig. 6 shows a view from the inside of the presently disclosed add-on cap (1) for
electroporation, the cap being position in the bowel cavity (10). The cap has a closed
sidewall (2) and two electrodes (3) on opposite sides of the internal volume. This is a

typical view during positioning of the device. The distance between the rim (11) and the
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lens of the imaging in the endoscope determines the angles in which visibility is

provided during positioning of the device.

Fig. 7 shows a view from the inside of the presently disclosed add-on cap (1) for
electroporation, wherein intestinal mucosa (12) is aspirated into the cap. It can be

noted that the distal open end (8) is thereby substantially sealed.

Fig. 8 shows a view from the inside of the presently disclosed add-on cap (1) for
electroporation, wherein intestinal mucosa (12) is aspirated into the cap and a
sclerotherapy needle (13) is used to inject a substance into the aspirated tissue. The

process is observed from the inside of the cap (1).

Fig. 9 shows a view from the inside of the presently disclosed add-on cap (1) for
electroporation, wherein a biopsy forceps (14) is used to collect a sample of the

intestinal mucosa (12). The process is assisted by imaging from the inside of the cap

(1).
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1.

13

An add-on cap for electroporation of tissue comprising:

- atleast one closed sidewall, such as a cylindrical sidewall; a proximal open
end; a distal open end; the at least one closed sidewall and the proximal
and distal open ends defining a hollow body having an internal volume;

- two electrodes on opposite sides of the internal volume, the electrodes
configured to apply an electric field for electroporation of tissue inside the
internal volume,

wherein the proximal open end is adapted to be sealingly engaged to a tip of an

instrument, such as an endoscope.

The add-on cap according to any of the preceding claims, wherein the at least
one closed sidewall and the open ends form a combined receiver for the

instrument and internal volume for electroporation of tissue.

The add-on cap according to any of the preceding claims, wherein the add-on
cap is adapted to be mounted on the tip of an oblong instrument, such as an

endoscope, the add-on cap extending in an axial direction of the instrument.

The add-on cap according to claim 3, wherein a longitudinal axis of the add-on

cap is an extension of a longitudinal axis of the instrument.

The add-on cap according to any of claims 3-4, wherein the add-on cap

provides direct visibility from the proximal open end to the distal open end.

The add-on cap according to any of claims 3-5, wherein the distal open end is

an opening substantially perpendicular to an axial extension of the instrument.

The add-on cap according to any of the preceding claims, wherein the two
electrodes are configured to measure an impedance between the two

electrodes.

The add-on cap according to any of the preceding claims, wherein the two
electrodes are planar electrodes mounted on the inside of the at least one

closed sidewall.
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15.

16.

17.
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The add-on cap according to any of the preceding claims, further comprising at

least one temperature sensor.

The add-on cap according to claim 9, wherein the at least one temperature
sensor is mounted on the inside of the at least one closed sidewall between the

two electrodes.

. The add-on cap according to any of claims 9-10, wherein two temperature

sensors are mounted on opposite sides of the internal volume between the two

electrodes.

The add-on cap according to any of the preceding claims, further comprising

cables connected to the two electrodes.

The add-on cap according to claim 9, wherein the cables are mounted outside
the closed sidewall and connect to the electrodes through holes in the closed

sidewall.

. The add-on cap according to any of the preceding claims, wherein the proximal

open end is sealingly engaged to the instrument such that vacuum can be

applied in the internal volume through the proximal open end.

The add-on cap according to claim 14, wherein tissue to be treated with
electroporation is drawn into the internal volume through the distal open end by

the generated vacuum.

The add-on cap according to claim 15, wherein the internal volume is
substantially sealed from both open ends when vacuum is applied through the
proximal open end and tissue is drawn into the internal volume through the

distal open end.

The add-on cap according to any of the preceding claims, wherein a proximal

end of the add-on cap fits an exterior surface of a distal end of the instrument.



10

15

20

25

30

35

WO 2017/216102 PCT/EP2017/064280

18.

19.

20.

21.

22.

23.

24

25.

26.

27

15

The add-on cap according to any of the preceding claims, wherein the at least

one closed sidewall is a substantially cylindrical closed surface.

The add-on cap according to any of the preceding claims, wherein the proximal

and distal open ends are represented by a top and bottom of a cylinder.

The add-on cap according to any of the preceding claims, wherein the at least

one closed sidewall and the open ends form an endoscopic cap.

The add-on cap according to claim 20, wherein the endoscopic cap is

transparent, such as a hollow transparent cylinder.

The add-on cap according to any of the preceding claims, wherein the hollow

body is tapered and/or conical and/or funnel shaped.

The add-on cap according to any of the preceding claims, wherein the at least
one closed sidewall is one closed surface extending in an axial direction of the

instrument.

. The add-on cap according to any of the preceding claims, wherein the hollow

body is rectangular.

The add-on cap according to any of the preceding claims, wherein a cross-

section of the hollow body is elliptical.

The add-on cap according to any of the preceding claims, wherein a cross-
section of the hollow body forms a polygon, preferably an equilateral and/or
convex polygon, a polygon such as a triangle, square, pentagon, hexagon, or a

heptagon.

. A system for electroporation of tissue comprising:

- an endoscope;

- an add-on cap according to any of the preceding claims, the add-on cap
adapted to be mounted on the tip of the endoscope and extending in an
axial direction of the endoscope; and

- an electric current generator.
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The system according to claim 27, wherein the endoscope is a gastroscope, or
a colonoscope, or a cystoscope, or a nephroscope, or a bronchoscope, a

sigmoideumscope or a borescope.

The system according to any of claims 27-28, further comprising a vacuum
generator in connection with the internal volume through the proximal open end

of the add-on cap.

The system according to any of claims 27-29, further comprising means for

measuring an impedance between the two electrodes of the add-on cap.

The system according to any of claims 27-30, further comprising processing
means configured to compare a temperature measured by the temperature

sensor against a predetermined temperature threshold.

The system according to any of claims 27-31, further comprising processing
means configured to compare an impedance between the two electrodes on
opposite sides of the internal volume against a predetermined impedance
threshold.

The system according to any of claims 27-32, wherein the cables connected to
the electrodes are positioned on the outside of the endoscope along the

endoscope.

The system according to any of claims 27-33, further comprising a biopsy
forceps for taking a sample from the tissue and/or a hypodermic needle for

injecting a substance into the tissue.

A method for electroporation of tissue using the system according to any of
claims 27-34, wherein the add-on cap is mounted on the tip of the endoscope,
comprising the steps of:
a) positioning the distal open end of the add-on cap adjacent to tissue to
be treated with electroporation, wherein the positioning is visually
assisted by imaging through the add-on cap from the distal open end to

the proximal open end;
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b) applying vacuum in the internal volume through the proximal open end
of the add-on cap, thereby aspirating tissue into the internal volume; and
¢) electroporating the aspirated tissue by applying an electric field between

the electrodes of the add-on cap.

The method according to claim 35, wherein the steps are sequential.

The method according to any of claims 35-36, further comprising the steps of:
i. before electroporation of the aspirated tissue, measuring the impedance
between the two electrodes and comparing against a predetermined
impedance threshold;

ii. based onthe comparison, determine if electroporation is to be started.

The method according to claim 37, wherein electroporation is started if the

measured impedance is below the predefined impedance threshold.

The method according to any of claims 35-38, further comprising the step of
repositioning the distal open end of the add-on cap adjacent to tissue if the

measured impedance is above a predefined impedance threshold.

The method according to any of claims 35-39, further comprising the step of
iteratively repeating steps a)-b) and i)-ii) until the tissue is arranged such that

the measured impedance is below the predefined impedance threshold.

The method according to any of claims 35-40, further comprising the step of
measuring the temperature inside or outside the add-on cap during

electroporation.

The method according to claim 41, wherein the electroporation is interrupted if

the temperature exceeds a predefined temperature threshold.
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