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9.00-9.30 Electroporation of cells and tissues by high voltage electric pulses (D. 
Miklavcic)
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10.00-10.30 Electrochemotherapy in human oncology (G. Sersa)

10.30-11.00 Electrochemotherapy of deep – seated tumors (A. Grošelj)
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11.30-12.00 Electrochemotherapy in veterinary oncology – dogs and cats (N. Tozon)

12.00-12.30 Electrochemotherapy in exotic pets (J. Racnik)

12.30-12.50 Numerical modeling for electroporation-based treatment of canine tumors 
(B. Kos)

12.50-14.30 Lunch

14.30-17.00 Practical Work I

3rd of April 2019

9.00-9.30 Gene electrotransfer with IL-12 – how did the preclinical work help us in 
veterinary medicine? (D. Pavlin)

9.30-10.00 Treating mast cell tumor in dogs by electrochemotherapy and gene 
electrotransfer (U. Lampreht Tratar)

10.00-10.30 Coffee Break

10.30-11.00 How to talk with owners about electrochemotherapy and gene 
electrotransfer? (N. Tozon)

11.00-12.00 Case reports

12.00-14.00 Lunch

14.00-16.00 Practical Work II
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prof. dr. Damijan Miklavčič 
 

Damijan Miklavčič received his PhD in Electrical Engineering from University of 
Ljubljana in 1993. Currently, he is a professor and Head of the Laboratory of 
Biocybernetics, and Vice-Chair of the Department for Biomedical Engineering at 
the Faculty of Electrical Engineering, University of Ljubljana. His main research 
interests are biomedical engineering and study of the interactions of 
electromagnetic fields with biological systems. His research focus in last decades 
was on the engineering aspects of electroporation as the foundation of drug 
delivery into cells in tumor models in vitro and in vivo. His research includes 
biological experimentation, numeric modeling and hardware development for 
electrochemotherapy, irreversible electroporation as tissue ablation method and 
gene electrotransfer.  In recent years he is expanding the use of electroporation 
also in food processing and biotechnology and is promoting electroporation as a 
platform technology. 

Electroporation of cells and tissues by high voltage electric pulses 

When a cell is exposed to electric field of sufficient amplitude and duration its plasma membrane 
becomes permeable for molecules otherwise deprived of transmembrane transport mechanisms. 
Small and large molecules can thus enter (and leave) the cell including chemotherapeutic drugs and 
plasmid DNA. The phenomenon underlying this increased permeability is most often referred to as 
electroporation. The cells exposed to electric field can reseal their membrane and survive, hence 
reversible electroporation, or can die, hence irreversible electroporation. Reversible electroporation 
can increase cytotoxicity of some chemotherapeutic drugs and this combination is named 
electrochemotherapy; whereas reversible electroporation with plasmid DNA is used in gene therapy 
and for DNA vaccination. Irreversible electroporation can be used for tissue ablation, or microbial 
inactivation as it allows cell kill even without adding drugs. 

Cells are exposed in suspension, grown or support or in tissue to electric field by applying electric 
pulses via electrodes. Electric field established in the tissue (or in cell suspension) establishes induced 
transmembrane voltage in the range of 100s of V, which across a very thin membrane e.g. 10 nm 
establishes huge electric field across the membrane, leading to pore formation in the membrane and 
increased permeability. It is important to understand that it is the local electric field to which a cell is 
exposed that leads to membrane electroporation and increased membrane permeability. 

 

Further reading: 

Kotnik T, Rems L, Tarek M, Miklavčič D. Membrane electroporation and electropermeabilization: 
mechanisms and models. Annu. Rev. Biophys. 48, 2019. DOI 10.1146/annurev-biophys-052118-
115451. 

Miklavčič D, Mali B, Kos B, Heller R, Serša G. Electrochemotherapy: from the drawing board into 
medical practice. Biomed. Eng. Online 13: 29, 2014. 

Rosazza C, Haberl Meglič S, Zumbusch A, Rols MP, Miklavčič D. Gene electrotransfer: a mechanistic 
perspective. Curr. Gene Ther. 16: 98-129, 2016. 

Batista Napotnik T, Miklavčič D. In vitro electroporation detection methods – An overview.  
Bioelectrochemistry 120: 166-182, 2018. 



9

4th Veterinary workshop on electroporation-based treatments

prof. dr. Damijan Miklavčič 
 

Damijan Miklavčič received his PhD in Electrical Engineering from University of 
Ljubljana in 1993. Currently, he is a professor and Head of the Laboratory of 
Biocybernetics, and Vice-Chair of the Department for Biomedical Engineering at 
the Faculty of Electrical Engineering, University of Ljubljana. His main research 
interests are biomedical engineering and study of the interactions of 
electromagnetic fields with biological systems. His research focus in last decades 
was on the engineering aspects of electroporation as the foundation of drug 
delivery into cells in tumor models in vitro and in vivo. His research includes 
biological experimentation, numeric modeling and hardware development for 
electrochemotherapy, irreversible electroporation as tissue ablation method and 
gene electrotransfer.  In recent years he is expanding the use of electroporation 
also in food processing and biotechnology and is promoting electroporation as a 
platform technology. 

Electroporation of cells and tissues by high voltage electric pulses 

When a cell is exposed to electric field of sufficient amplitude and duration its plasma membrane 
becomes permeable for molecules otherwise deprived of transmembrane transport mechanisms. 
Small and large molecules can thus enter (and leave) the cell including chemotherapeutic drugs and 
plasmid DNA. The phenomenon underlying this increased permeability is most often referred to as 
electroporation. The cells exposed to electric field can reseal their membrane and survive, hence 
reversible electroporation, or can die, hence irreversible electroporation. Reversible electroporation 
can increase cytotoxicity of some chemotherapeutic drugs and this combination is named 
electrochemotherapy; whereas reversible electroporation with plasmid DNA is used in gene therapy 
and for DNA vaccination. Irreversible electroporation can be used for tissue ablation, or microbial 
inactivation as it allows cell kill even without adding drugs. 

Cells are exposed in suspension, grown or support or in tissue to electric field by applying electric 
pulses via electrodes. Electric field established in the tissue (or in cell suspension) establishes induced 
transmembrane voltage in the range of 100s of V, which across a very thin membrane e.g. 10 nm 
establishes huge electric field across the membrane, leading to pore formation in the membrane and 
increased permeability. It is important to understand that it is the local electric field to which a cell is 
exposed that leads to membrane electroporation and increased membrane permeability. 

 

Further reading: 

Kotnik T, Rems L, Tarek M, Miklavčič D. Membrane electroporation and electropermeabilization: 
mechanisms and models. Annu. Rev. Biophys. 48, 2019. DOI 10.1146/annurev-biophys-052118-
115451. 

Miklavčič D, Mali B, Kos B, Heller R, Serša G. Electrochemotherapy: from the drawing board into 
medical practice. Biomed. Eng. Online 13: 29, 2014. 

Rosazza C, Haberl Meglič S, Zumbusch A, Rols MP, Miklavčič D. Gene electrotransfer: a mechanistic 
perspective. Curr. Gene Ther. 16: 98-129, 2016. 

Batista Napotnik T, Miklavčič D. In vitro electroporation detection methods – An overview.  
Bioelectrochemistry 120: 166-182, 2018. 

1

Electroporation
of cells and tissues by 

high voltage electric pulses

Damijan Miklavčič
University of Ljubljana
Faculty of Electrical Engineering

Laboratory of biocybernetics

Dusa Hodzic, Eva Pirc, Helena Cindric, Janja Cerne Dermol, Tamara Pezic, Tadeja Forjanic,
Janez Zigon, Alenka Macek Lebar, Tomaz Jarm, Sasa Haberl Meglic, Primoz Mekuc, Matej Kranjc, 
Lea Vukanovic, Tadej Kotnik, Tina Batista Napotnik, Karel Flisar, Samo Mahnic Kalamiza, Bor Kos, 

Bob Van Elst, Matej Rebersek, Peter Kramar, Damijan Miklavcic

http://lbk.fe.uni-lj.si

Collaborating Institutions
• Institute of Oncology, Ljubljana

– G. Serša, M. Čemažar, M. Snoj, E. Gadžijev, I. Edhemovič, M. 
Brecelj, S. Kranjc,…

• Institute Gustave Roussy, Villejuif, France
– L.M. Mir,…

• IPBS/CNRS, Tolouse, France
– J. Teissie, M-P. Rols, M. Golzio,…

• Institute Jozef Stefan, Ljubljana
– F. Demšar, I. Serša, K. Beravs, F. Bajd,…

Disclosure
Author is inventor of several patents pending and granted, is receiveing 

royalties and is consulting for different companies and organisations 
which are active in the area of electroporation and electroporation 

based technologies and therapies.



10

4th Veterinary workshop on electroporation-based treatments

2

?Electroporation

Preamble
• Cell exposed to E  induced TMV*

• Induced TMV has to exceed a given value

• Membrane permeability is transiently increased in 
areas where TMV exceeds this given value 
transport of molecules

• Reversible electroporation - the cell survives
• Irreversible electroporation - the cell does not 

survive
*TMV – transmembrane voltage

Synonyms: electroporation, electropermeabilization, PEF treatment, nanoporation,…

Applications of Electroporation

reversible

irreversible Cell death

Introducing small 
molecules

Introducing large
molecules

Cell fusion

Protein insertion in 
the plasma membrane

Exposure to
electric field

Extraction of 
molecules

+     E      -

*synonym: PEF treatment
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Applications of electroporation include:
• In medicine: electrochemotherapy, new approaches 

in gene therapy for cancer treatment and DNA 
vaccination; tissue ablation by nonthermal IRE; ...

• In food processing: extraction of valuable 
ingredients, development of novel foods, and 
improvement of industrial food processes in terms 
of food safety (microbial innactivation) and food 
quality; ...

• Environment and energy: microbial inactivation in 
waste water treatment; biomass pre-processing in
biogas production; biofuel production; ...

• ...

Roadmap
• Single cell electroporation

– Induced TMV (numerical, experimental)
– Permeabilization, flow of molecules accross 

cell plasma membrane
• Parameters affecting electroporation of 

cells in vitro
• In vivo/tissue cell membrane 

electroporation
• Conclusions

Roadmap
• Single cell electroporation

– Induced TMV (numerical, experimental)
– Permeabilization, flow of molecules accross 

cell plasma membrane
• Parameters affecting electroporation of 

cells in vitro
• In vivo/tissue cell membrane 

electroporation
• Conclusions
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Preamble
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• Induced TMV has to exceed a given value

• Membrane permeability is transiently increased in 
areas where TMV exceeds this given value 
transport of molecules

• Reversible electroporation - the cell survives
• Irreversible electroporation - the cell does not 

survive
*TMV – transmembrane voltage

Synonyms: electroporation, electropermeabilization, PEF treatment, nanoporation,…

Induced Transmembrane Voltage


R

E

cos
2
3

m ER

More general analytical solution for spheroidal cells 
T. Kotnik and D. Miklavčič. Biophys. J. 79: 670-9, 2000

Cell exposed to E  Induced TMV

Cells B16F1, dye ANEPPS 
ex: 450 nm and 510 nm, em: >530 nm

Pucihar G, Kotnik T, Miklavčič D. 
Measuring the induced membrane voltage with di-8-ANEPPS (Video Article). 

J. Visual Exp. 33: 1659, 2009. 



13

4th Veterinary workshop on electroporation-based treatments

5

Induced Transmembrane Voltage

• Only exists as long as an external electric 
field is present

• Superimposes (adds) to the resting TMV 
• Is position-dependent, hyperpolarizing the 

cell on one side and depolarizing it on 
the other 

• Increases with the electric field strength
• Increases with cell size

cos
2
3

m ER

Results - Irregularly shaped cells
Induced transmembrane voltage

E = 100 V/cm

Pucihar G, Kotnik T, Valič B, Miklavčič D. Numerical determination of transmembrane voltage induced
on irregularly shaped cells. Annals Biomed. Eng. 34: 642-652, 2006. 

3D model

Results - Irregularly shaped cells
Calculations of ITV and membrane permeabilization

Electropermeabilization observed by PI
1 × 650 V/cm, 750 + 750 s

Time [s]

E

Pucihar G, Miklavčič D, Kotnik T. 
A time-dependent numerical 

model of transmembrane 
voltage inducement and 

electroporation of irregularly 
shaped cells. IEEE T. Biomed. 

Eng. 56: 1491-1501, 2009. 
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Induced Transmembrane Voltage

• Only exists as long as an external electric 
field is present

• Superimposes (adds) to the resting TMV 
• Is position-dependent, hyperpolarizing the 

cell on one side and depolarizing it on 
the other 

• Increases with the electric field strength
• Increases with cell size

+200V +250V +300V

+350V +400V +450V

Experiment: dm121102; Single pulse: 100 s

+500V +550V +600V

Frame: 56; t=206s Frame: 84; t=312s

Frame: 137; t=514s Frame: 219; t=826s Frame: 324; t=1226s

Frame: 30; t=107s

Preamble
• Cell exposed to E  induced TMV*

• Induced TMV has to exceed a given value

• Membrane permeability is transiently increased in 
areas where TMV exceeds this given value 
transport of molecules

• Reversible electroporation - the cell survives
• Irreversible electroporation - the cell does not 

survive
*TMV – transmembrane voltage

Synonyms: electroporation, electropermeabilization, PEF treatment, nanoporation,…
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Cytotoxicity of drugs can be increased 
by electroporation

Drugs tested Potentiation
– Bleomycin 100-5000 -fold
– Cisplatin 3-80 -fold
– Carboplatin 10-13 -fold
– Methotrexate
– Melphalan
– Mithramycin
– Actinomycin D
– Adriamycin
– Cyclophosphamide
– Mitomycin C
– Doxorubicin
– 5-fluorouracil
– Vinblastine
– Vincristine
– Paclitaxel
– Taxotere

Miklavčič D, Mali B, Kos B, Heller R, Serša G. 
Electrochemotherapy: from the drawing board 

into medical practice. 
Biomed. Eng. Online 13: 29, 2014.

Electrochemotherapy: Increased 
cytotoxicity of chemotherapeutic drugs

Effective for hydrophilic 
drugs with hampered 
transport through the 
plasma membrane

Drugs that have clinical 
applicability:
– Bleomycin (BLM)
– Cisplatin (CDDP)

BLM

CDDP

Cytotoxicity of bleomycin in vitro is 
increased by means of electroporation

Orlowski et al. 1988

DC3F cells, a 
spontaneously 
transformed Chinese 
hamster lung 
fibroblasts.
Cell suspension was 
mixed with drug 
solution and 
immediately exposed 
to electric pulses.
Toxicity is potentiated 
~1000 to 10 000 fold.
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Malignant melanoma B16 cells in vitro

Cisplatin conc. (mM)
10 100 1000

Su
rv
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fr
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n

0.003
0.005

0.03
0.05

0.3
0.5

0.001

0.01

0.1

1

cisplatin
electrochemotherapy

Serša,Miklavčič, Čemažar, 
Cancer Res. 1995

Jarm, Cemazar, Miklavcic, Sersa.
Expert Rev. Anticancer Ther. 10: 729–746, 2010

ECT day 0

10 weeks after ECTselectivity of ECT

Julie Gehl. 
Ugeskrift for Laeger 167(34): 3156-9, 2005.

Source: IGEA, Italy

Reimbursed in: Austria, Denmark, Germany, Hungary, Italy, Portugal, Slovenia, 
Spain, Switzerland, UK. 
France, Poland – in progress for reimbursement.

Clinical use of electrochemotherapy in EU

No. of hospital

No. of patients
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Roadmap
• Single cell electroporation

– Induced TMV (numerical, experimental)
– Permeabilization, flow of molecules accross

cell plasma membrane
• Parameters affecting electroporation of 

cells in vitro
• In vivo/tissue cell membrane 

electroporation
• Conclusions

Parameters affecting cell electroporation
• Electric field/pulse amplitude (size of the cell)
• Pulse duration
• Number of electric pulses delivered
• Electric field direction
• Pulse repetition frequency
• Pulse shape (rise time, fall time, …)
• Cell density, medium composition/conductivity
• Temperature 
• Properties (and concentration) of molecules to 

be transported across the membrane
• Properties and status of cells…

N T

Electroporation/membrane 
permeabilization
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Pucihar G, Krmelj J, Reberšek M, Batista Napotnik T, Miklavčič D. 
Equivalent pulse parameters for electroporation. IEEE T. Biomed. Eng. 58: 3279-3288, 2011. 

Equivalent pulse parameter electroporation

Number of 100 µs 
pulses

E70% = f(N)

Equivalent pulse parameter electroporation

Pucihar G, Krmelj J, Reberšek M, Batista Napotnik T, Miklavčič D. 
Equivalent pulse parameters for electroporation. IEEE T. Biomed. Eng. 58: 3279-3288, 2011. 

Pulse duration
N=1

E70% = f(T)

Parameters affecting cell electroporation
• Electric field/pulse amplitude (size of the cell)
• Pulse duration
• Number of electric pulses delivered
• Electric field direction
• Pulse repetition frequency
• Pulse shape (rise time, fall time, …)
• Cell density, medium composition/conductivity
• Temperature 
• Properties (and concentration) of molecules to 

be transported across the membrane
• Properties and status of cells…
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Materials and Methods: Electroporation in vitro

HeLa cells were cultured on coverslips and loaded with fura-2.

Video imaging:
• Nikon Diaphot 300 inverted microscope (40x)
• intensified CCD camera COHU, San Diego, CA
• stepping filter wheel Rainbow, Life Sciences Resources, UK
• Merlin acquisition system, Life Sciences Resources, UK
• 75W Xenon lamp with 7.5 HBW filters, Omega Optical, Dallas, TX

Excitation: 340/380 nm, Emission: 510 nm

Electroporation:
• home-made system, Babraham Institute, Cambridge, UK
• 2- and 4- electrode perfusion chamber
• room temperature: 22-24 °C

Medium composition (in mM: NaCl 127, KCl 5, MgCl2 2, NaH2PO4 0.5, 
HEPES 10, glucose 10, CaCl2 1.8), pH 7.4

Bobanović et al. The FASEB Journal 13: 365-375, 1999.

Experiment: dm171104-7; Changing field orientation: 450 V, 100 s, N=1 
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Experiment: dm171104-7; Changing field orientation: 450 V, 100 μs, N=1 

Parameters affecting cell electroporation
• Electric field/pulse amplitude (size of the cell)
• Pulse duration
• Number of electric pulses delivered
• Electric field direction
• Pulse repetition frequency
• Pulse shape (rise time, fall time, …)
• Cell density, medium composition/conductivity
• Temperature 
• Properties (and concentration) of molecules to be 
transported across the membrane

• Properties and status of cells…

Parameters affecting cell electroporation
• Electric field/pulse amplitude (size of the cell)
• Pulse duration
• Number of electric pulses delivered
• Electric field direction
• Pulse repetition frequency
• Pulse shape (rise time, fall time, …)
• Cell density, medium composition/conductivity
• Temperature 
• Properties (and concentration) of molecules to be 
transported across the membrane

• Properties and status of cells…
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Molecular transmembrane transport 
mechanism ‐ single‐cell level quantification
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Curr Gene Ther. 2012 Oct;12(5): 417-22.
Escoffre JM, Nikolova B, Mallet L, Henri J, Favard C, Golzio M, Teissie J, Tsoneva I, Rols MP.
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Translocation 
across the 
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Migration 
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Transfer 
across
the nuclear
envelope

Gene 
expression

Effect of pulse polarity in DNA transfer

E

E

Reberšek M, Faurie C, Kandušer M, Čorović S, Teissié J, Rols MP, Miklavčič D. Electroporator with automatic 
change of electric field direction improves gene electrotransfer in vitro. Biomed. Eng. Online 6(25): 1-11, 2007. 
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Faurie, Reberšek, Golzio, Kandušer, Escoffre, Pavlin, Teissié, Miklavčič, Rols. 
Electro-mediated gene transfer and expression are controlled by the life-time 

of DNA/membrane complex formation. J. Gene Med. 12: 117-125, 2010. 
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Mol. Ther. 5: 133-140, 2002. 
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24

4th Veterinary workshop on electroporation-based treatments

16

Old-fashioned electroporation pulse generators

Roadmap
• Single cell electroporation

– Induced TMV (numerical, experimental)
– Permeabilization, flow of molecules accross

cell plasma membrane
• Parameters affecting electroporation of 

cells in vitro
• In vivo/tissue cell membrane 

electroporation
• Conclusions

in vitro vs. in vivo

• Cells are closer to each other, form 
connections

• Volume to be treated is larger/electrodes 
are different

• Inhomogeneity of tissues (vessels, 
coexistence of different cells, …)

• Mobility of molecules in tissue is limited
• … 
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In vitro – cells in suspension

In vitro – cells in suspension

Electrodes in vitro vs. in vivo

Miklavčič D, Čorović S, Pucihar G, Pavšelj N. Importance of tumour coverage by sufficiently 
high local electric field for effective electrochemotherapy. Eur. J. Cancer Suppl. 4: 45-51, 2006. 
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d

+V/2 -V/2

E=U/d

U=V

d

r2

r3

r4

r5

E≠U/dE=U/d

Electrodes of different diameter
+V/2 -V/2U=V

r =
U = 100 V
d = 8 mm

V/m

∞
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r = 8.0 mm
U = 100 V
d = 8 mm

V/m

r = 6.0 mm
U = 100 V
d = 8 mm

V/m

r = 4.0 mm
U = 100 V
d = 8 mm

V/m
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r = 2.0 mm
U = 100 V
d = 8 mm

V/m

r = 1.0 mm
U = 100 V
d = 8 mm

V/m

r = 0.25 mm
U = 100 V
d = 8 mm

V/mV/m
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V/m

r = 0.25 mm
U = 100 V
d = 8 mm

V/m

r = 0.25 mm
U = 100 V
d = 8 mm

Geometry of tissue model
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Experiments

• In vivo experiments in rabbit liver tissue*
• Single pair of needle electrodes with 

diameter 0.3, 0.7 and 1.1 mm
• Measurements:

– During the pulse: current, voltage
– After the pulse: area of reversibly and 

irreversibly permeabilised tissue**
*Experiments performed at The Institute Gustave-Roussy, Paris, France
**Taken from the results published in Miklavčič et al., 2000, Biochym. Biophys. Acta

Miklavcic D, Semrov D, Mekid H, Mir LM. Biochim. Biophys. Acta 1523: 73-83, 2000.

Needle diameter 0.3 mm
Pulse amplitude 960 V 

E(
V/
cm

)

Needle diameter 0.7 mm
Pulse amplitude 960 V 

Needle diameter 1.1 mm
Pulse amplitude 952 V 

Irreversible threshold determinationCorresponding critical ITV determination

Erev >= 460 V/cm

Eirrev >= 700 V/cmITVirrev = 760 mV

ITVrev = 500 mV

Šel D, Cukjati D, Batiuskaite D, Slivnik T, Mir LM, Miklavčič D. 
Sequential finite element model of tissue 
electropermeabilization. IEEE T. Biomed. Eng. 52: 816-827, 2005.

2+1 2+2 DV, CC
4+4

Miklavčič, Beravs, Šemrov, Čemažar, Demšar, Serša. 
Biophys. J. 74: 2152-2158, 1998. 

electrodes:
2+1 and 2+2 (1300 V, 5.5 mm),
plate (1040 V, 8 mm).

Correlation between ECT effectiveness
and electric field distribution 

in experimental tumour model
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Current density imaging

2+2

2+1

Mean electric field in tumor / V/cm
100 200 300 400 500

D
T 

/ d
ay

s

0

10

20

30
4+4

8 DV

8 CC

2+2

2+1

Correlation between electric field 
and ECT effectiveness

Correlation between ECT effectiveness
and electric field distribution 

in experimental tumour model

2+1 2+2 DV, CC
4+4

Miklavčič, Beravs, Šemrov, Čemažar, Demšar, Serša. 
Biophys. J. 74: 2152-2158, 1998. 

U = 1300 V
d = 5.5 mm

U/d = 2364 V/cm

U = 1040 V
d = 8 mm

U/d = 1300 V/cm
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Results: experimental tumor model, ECT
A/J mice (10-12 weeks old), fibrosarcoma SA-1, 100 g bleomycine i.v.

Days after ECT

Tu
m

or
 v

ol
um

e 
(m

m
3 )

Instead of Conclusions
1. Electroporation (electrochemotherapy, gene 

transfection, irreversible electroporation) are all
multiparameter procedures

2. Determine target volume and select adequate
electrodes – cover the whole target volume with
sufficiently high electric field

3. Choose pulse parameters based on molecule to 
be transported

Most of the time you will be limited by the technology 
available (i.e. pulse generators, electrodes, 
computer power, …)

http://lbk.fe.uni-lj.si/ic/en/equipment

?

Damijan Miklavčič
Univerza v Ljubljani
Fakulteta za elektrotehniko

www.lbk.fe-uni-lj.si
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Fast-reading

• Kotnik T, Kramar P, Pucihar G, Miklavčič D, Tarek M. 
Cell membrane electroporation –
Part 1: The phenomenon. IEEE Electr. Insul. M. 28(5): 
14-23, 2012.

• Haberl S, Miklavčič D, Serša G, Frey W, Rubinsky B. 
Cell membrane electroporation –
Part 2: The applications. IEEE Electr. Insul. M. 29(1): 
29-37, 2013. 

• Reberšek M, Miklavčič D, Bertacchini C, Sack M. Cell 
membrane electroporation –
Part 3: The equipment. IEEE Electr. Insul. M. 30(3): 8-
18, 2014.

Suggested in-depth reading
• Rems L, Miklavčič D. Tutorial: Electroporation of cells 

in complex materials and tissue. J. Appl. Phys. 119: 
201101, 2016.

• Rosazza C, Haberl Meglič S, Zumbusch A, Rols MP, 
Miklavčič D. Gene electrotransfer: a mechanistic 
perspective. Curr. Gene Ther. 16: 98-129, 2016.

• Golberg A, Sack M, Teissie J, Pataro G, Pliquett U, 
Saulis G, Töpfl S, Miklavčič D, Vorobiev E, Frey W. 
Energy-efficient biomass processing with pulsed 
electric fields for bioeconomy and sustainable 
development. Biotechnol. Biofuels 9: 94, 2016.

• Kotnik T, Frey W, Sack M, Haberl Meglič S, Peterka M, 
Miklavčič D. Electroporation-based applications in 
biotechnology. Trends Biotechnol. 33: 480-488, 2015.

• Serša G, Teissié J, Čemažar M, Signori E, Kamenšek U, 
Marshall G, Miklavčič D. Electrochemotherapy of 
tumors as in situ vaccination boosted by 
immunogene electrotransfer. Cancer Immunol. 
Immunother. 64: 1315-1327, 2015. 

• Yarmush ML, Golberg A, Serša G, Kotnik T, Miklavčič D. 
Electroporation-based technologies for medicine: 
principles, applications, and challenges. Annu. Rev. 
Biomed. Eng. 16: 295-320, 2014.

• Mahnič-Kalamiza S, Vorobiev E, Miklavčič D. 
Electroporation in food processing and biorefinery. 
J. Membrane Biol. 247: 1279-1304, 2014.

• Miklavčič D, Mali B, Kos B, Heller R, Serša G. 
Electrochemotherapy: from the drawing board into 
medical practice. Biomed. Eng. Online 13: 29, 2014.  
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Maja Čemažar graduated from Biotechnical faculty, University of Ljubljana 
and received her PhD in basic medical sciences from the Medical Faculty, 
University of Ljubljana in 1998. After PhD she was a postdoctoral fellow and 
researcher at Gray Cancer Institute, UK from 1999 to 2001. Later on, in 2004, 
she was an associate researcher at the Institute of Pharmacology and 
Structural Biology in Toulouse, France. Currently she works at the 
Departments of Experimental Oncology, Institute of Oncology Ljubljana and 
at the Faculty of Health Sciences, University of Primorska, Slovenia. She is 
active in the field of gene electrotransfer employing plasmid DNA encoding 
different therapeutic genes and therapies with vascular disrupting agents. In 
2006 she received the Award of the republic of Slovenia for important 
achievements in scientific research and development in the field of 
experimental oncology. In 2018 she was awarded the 2018 Frank Reidy 
Award for Outstanding Achievements in Bioelectrics. She is the author of 

more than 200 articles in peer-reviewed journals. 

 

Tumor biology and preclinical electrochemotherapy 

Electrochemotherapy is an ablative method that consists of chemotherapy followed by local 
application of electric pulses (electroporation) to the tumor to increase drug delivery into cells in 
tumors. Only drugs that have hampered transport through the plasma membrane have an increased 
drug uptake by electroporation.  So far, only cisplatin and bleomycin have found their way from 
preclinical testing to clinical use. A several-fold increase of their cytotoxicity by electroporation of cells 
have been demonstrated in in vitro studies. Moreover, electrochemotherapy proved to be an effective 
antitumor treatment after local or systemic administration of either of the drugs. 
Electrochemotherapy studies using either bleomycin or cisplatin in several tumor models elaborated 
treatment parameters for effective local tumor control. Besides different route of administration, the 
dosage, timing and electrical parameters were defined in preclinical studies. Furthermore, 
mechanisms of antitumor effectiveness of electrochemotherapy were determined being, direct 
cytotoxicity due to the action of drugs, vascular disrupting action and immune response modulation. 
Furthermore, electrochemotherapy was evaluated in combination with other established treatment 
modalities, like irradiation, and new approaches, like gene therapy. These new approaches will also be 
presented during the lecture.  

 

Relevant literature: 

 
SERŠA, G., TEISSIE, J., ČEMAŽAR, M., SIGNORI, E., KAMENŠEK, U., MARSHALL, G., MIKLAVČIČ, D. 
Electrochemotherapy of tumors as in situ vaccination boosted by immunogene electrotransfer. Cancer 
immunology and immunotherapy, 2015. 
 
ČEMAŽAR, M., JARM, T., SERŠA, G. Cancer electrogene therapy with interleukin-12. Current Gene Therapy, 
2010. 
 
YARMUSH, ML., GOLBERG A., SERŠA, G., KOTNIK, T., MIKLAVČIČ, D. Electroporation-based technologies for 
medicine:  principles, applications, and challenges. Annual Review of Biomedical Engineering, 2014. 
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Tumor biology and preclinical 
electrochemotherapy

Maja Cemazar
4th Veterinary workshop on electroporation-based 
treatments
April 2 - 3, 2019
Ljubljana, Slovenia

Cancer

• Uncontrolled growth of cells, as a qonsequence of 
irreversible damage to genes in DNA that are 
involved in cell growth, death or diferentiation

• Ability of these cells to invade and migrate to form 
metastases

Carcinogenesis
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Properties of tumor cells

Hanahan and Weinberg Cell 2011

Tumor microenvironment –cancer is a disease of tissue

Tumour angiogenesis

3 major steps:
 induction of angiogenic signals from tumour & host cells
 invasion & migration of endothelial cells through basement membrane
 extension of vessels into tumour involves:

 degradation of the extracellular matrix
 endothelial cell migration & proliferation
 structural organization of new vessel
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Immunoediting 3Es:
elimination, equilibrium, escape

The immune system successfully recognizes and eliminates cancer cells, a process often described as the 
elimination phase

Tumor cells not eliminated by the immune system proceed to the equilibrium phase, in which the immune 
system controls cancer cell growth but does not completely eliminate the transformed cells

Tumor cells not susceptible to immune destruction progress into the escape phase. In this phase, the 
“escaped” tumor clones—not effectively detected and destroyed by the immune system—continue to 
divide and grow

Kalbasi (2013) J Clin Invest

Metastasis is the process by which cancer 
cells migrate throughout the body

Colon 
carcinoma often 
spreads to liver

Prostatic cancer 
often spreads to 
bone

Malignant 
melanoma often 
spreads to lung

Electro Chemo Therapy: ECT

Definition
• Potentiation of antitumor 

effectiveness of the non-permeant 
anticancer drugs by application of 
electric pulses at the tumor site.

• Electric pulses transiently 
permeabilize plasma membrane and 
thus increase drug delivery into the 
cells.

Cliniporator™

Electrodes
Tumor

Drug
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Electrochemotherapy:
Increased cytotoxicity of chemotherapeutic drugs

• Effective for hydrophilic 
drugs with hampered 
transport through the 
plasma membrane

• Drugs that are used in 
clinical settings:
– Bleomycin (BLM)
– Cisplatin (CDDP)

BLM

CDDP

Preclinical data on electrochemotherapy
• In vitro: 

– potentiation of cytotoxicity of cancer chemotherapeutic 
drugs

• In vivo:
– antitumour effectiveness in/with different:

• animal models: mice, rats
• tumour models: 

– melanoma, carcinomas, sarcomas, glioma
– spontaneos, transplanted
– primary, metastatic

– route of administration (intravenous, intratumoural, intramuscular, 
intracranial)

– optimization of drug dosage, sequencing and electric 
pulses amplitude, effects on metastases

– mechanisms of action

The first in vitro survival curve demonstrating 
that cytotoxicity of BLM is increased by 

electroporation
• DC3F cells, a 

spontaneously 
transformed Chinese 
hamster lung fibroblasts.

• Cell suspension was 
mixed with drug 
solution and 
immediatelly exposed to 
electric pulses.

• Cytotoxicity was 
potentiated ~1000 fold.

Orlowski et al. 1988

BLM

BLM+EP
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Electroporation increasaes cytotoxicity of chemotherapeutic 
drugs on different tumour cell lines

bleomycin concentration (M)
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Intracellular content of BLM is increased  
by electroporation

An increase in fluorescence was observed for cells treated with 
labelled BLM and electroporation 

Jaroszeski et al 2000

Platinum content in TBL.Cl2 and cisplatin resistant TBL.Cl2 Pt cells after 
treatment with cisplatin alone and combined with electroporation
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In TBL.CL2 and TBL.Cl2 Pt cells the intracellular content of cisplatin equals for both cell lines indicating that the 
plasma membrane is the only barrier for cisplatin cytotoxicity in these particular cell lines.
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Cemazar et al. Eur J Cancer 2001
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Transplantable tumor models and human tumor xenografts

Subcutaneous tumors Induced lung metastases

Methods: 
tumor implantation

Measurement of tumor 
diameter 
Metastases count 

Protocol of 
electrochemotherapy in vivo 

Tumour

Electrodes

Electric pulse generator
Electric pulses: 8 x 0.1 ms; 
1300 V/cm, 1 Hz

Intravenous or 
intratumoral drug
injection

Injection of the drug

Application of electric pulses

Tumor models and tumors on which 
electrochemotherapy with BLM was tested

Tumor type Tumor location Animal Drug administration
Adenoca. of the breast Spontaneous                   Mice                         i.m.
Ehrlich ascites tumor                            Implanted s.c.                            Mice                 i.v.
Fibrosarcoma SA-1                                Implanted s.c.                            Mice                       i.v.
Hamster pancreatic adenoca.                Pancreas or s.c.                        Hamster      i.t.
Hepatocellular carcinoma                      Implanted in tounge                   Rats                s.c.
Hepatocellular carcinoma                      Implanted s.c.                            Rats             i.m.
Human rhabdomysorcoma                     Implanted i.m.                            Nude rats               i.t.
Human uterine leiomysorcoma              Implanted s.c.                            Mice                         i.t.
Carconoma cell line                                Implanted s.c.                            Mice                     i.m.
LPB sarcoma                                          Implanted s.c.                            Mice               i.m. or i.v. 
Murine B16 melanoma                            Implanted s.c.                            Mice               i.m., i.v., i.t.
Murine bladder carcinoma                     Implanted s.c.                            Mice                       i.p. or i.m. 
Murine colon adenocarcinoma               Implanted s.c.                            Mice                    i.t., i.v., i.p.
Murine Lewis lung tumor                        Implanted s.c.                            Mice                   i.v.
N32 glioma tumors                                Implanted s.c.                            Rats                         i.v.
Rat adenocarcinoma of colon                 Implanted in the liver                 Rats        i.t.
Rat glioma cell line RG2                        Implanted in the brain                Rats       i.v.
Rat hepatoma cells                                 Implanted in the liver                 Rats                 i.t.
Rat squamous cell carcinoma           Implanted in the tounge             Rats                     s.c.
Soft tissue sarcomas                             Spontaneous                        Cats               i.v.
VX2 carcinoma cells                              Implanted in the liver                  Rabbits                i.v.  
Rat Glioma N32 cells Implanted in the brain Rat i.c.
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Tumor models and tumors on which 
electrochemotherapy with CDDP was tested

Tumor type Tumor location Animal          Drug administration
Ehrlich ascites tumor                          Implanted s.c.               Mice                      i.v., i.t.
Fibrosarcoma SA-1                             Implanted s.c.            Mice                      i.v.
Murine B16 melanoma                           Implanted s.c.        Mice                      i.v.
LPB sarcoma                                         Implanted s.c.           Mice                      i.v.
LPB sarcoma                                       Implanted s.c.          Nude mice            i.v.
Lewis lung carcinoma                    Implanted s.c.     Mice                      i.v.
TBL.Cl2/TBL.Cl2.Pt                           Implanted s.c.              Mice                      i.v.
Carcinoma and sarcoma                       Spontaneous            Cats                       i.t
Carcinoma and sarcoma                           Spontaneous           Dogs                      i.t
Murine colon adenocarcinoma 26        Implanted s.c       Mice                       i.t.
Rat hepatoma cells                                Implanted s.c.             Rats                        i.t
Mouse bladder carcinoma Implanted s.c.          Mice                        i.p.

Complete responses of histologically
different tumor types

Local tumor control of 
sarcoma and 
carcinomas after ECT 
with Bleomycin

Untreated tumor

Bleomycin

Electroporation

Electrochemotherapy

Control

EP: 8 pulses,
1300 V/cm
1 Hz, 100 s

Cisplatin 
4 mg/kg i.v.

Electrochemo
therapy

SA-1 tumors
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Effect of electrochemotherapy with bleomycin in PC-3 
prostate cancer in nude mice

Time dependence of electrochemotherapy
with cisplatin injected intratumourally
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The best antitumour effect was obtained when electroporation 
was performed immediately after the drug injection.

SA-1  
tumours

Anticancer Drugs 1998; 9: 525-530.

New drugs in ECT
• Calcium (Krog Fransen S et al. Cancer Res 2012)
• Mitomycin C (Gehl et al. Bioelectrochemistry 2012) 
• Ruthenium compounds (Hudej et al. Anticancer Res 2010; J Membrane Biol 2014)
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ELECTROCHEMOTHERAPY WITH 
BLEOMYCIN OR CISPLATIN

Succesful 
treatment

Formation of 
metastases

Gene expression

Migration assay

Invasion assay

Adhesion assay

Does electrochemotherapy with bleomycin or cisplatin affect 
metastatic potential of human melanoma cells in vitro?

Cells that
survive

Altered biological
properties, gene 

expression, 
metastatic
potential?

Metastatic potential of cells after electrochemotherapy
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Todorovic V, et al. Melanoma Res. 2011
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Migration, invasion and 
adhesion 
of tumor cells that 
survived after 
electrochemotherapy 
were not
changed.

Migration

Invasion

Adhesion

ECT CDDP ECT BLM

Human melanoma cells 

Gene expression analysis of melanoma cells 
after electrochemotherapy

Treatment
Number of

differentially
expressed genes

% of total
genes

Down-
regulated

genes

Up-regulated
genes

ECT pulses 34 1.3% 20 14

CDDP 13 0.5% 5 8

ECT with CDDP 13 0.5% 11 2

BLM 14 0.5% 8 6

ECT with BLM 35 1.3% 22 13

• low numbers of differentially expressed genes

• differential expression from 3-fold down-regulation to 1.9-fold up-regulation.

• no gene enrichment in the Gene Ontology associated to metastatic processes

Todorovic V, Sersa G, Mlakar V, Glavac D, Flisar K, Cemazar M. Melanoma Res. 2011;21(3):196-205.
Mlakar V, Todorovic V, Cemazar M, Glavac D, Sersa G. BMC Cancer. 2009 Aug 26;9:299.

Microarray analysis
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Mechanisms involved in antitumor 
effectiveness of electrochemotherapy

• Electroporation
• Immune system response
• Drug entrapment by tumour blood 

flow modification
• Anti-vascular effect

In vivo loading of bleomycin into electro-permeabilized tumors

• Electroporation of tumors increased 57Co-bleomycin retention in the tumors 3.6 – 4.1 fold compared to 
those tumors that were not electroporated at day 3.

• For all other organs measured no significant difference in radioactivity retention was detected.

Belehradek JJ and Mir LM, Biochim Biophys Acta 1994

Control EP Ratio

Average values (±±S.D.)

Initial blood (cpm/μl) 67 ±9 79 ±10 1.2 n.s.
Tumor (cpm/mg) 15 ±2 61 ±20 4.1 P<10-3

B. Normalized average values (±±S.D.)

Blood 0.13 ±0.02 0.11 ±0.02 0.8 n.s.
Brain 0.05 ±0.01 0.05 ±0.01 1.0 n.s.
Thigh muscle 0.04 ±0.01 0.05 ±0.02 1.3 n.s.
Abdomen muscle 0.06 ±0.02 0.11 ±0.07 1.8 n.s.
Skin 0.11 ±0.02 0.12 ±0.06 1.1 n.s.
Spleen 0.12 ±0.03 0.18 ±0.09 1.5 n.s.
Lungs 0.29 ±0.02 0.30 ±0.04 1.0 n.s.
Kidney 0.60 ±0.08 0.71 ±0.21 1.2 n.s.
Liver 0.72 ±0.18 0.80 ±0.13 1.1 n.s.
Tumor 0.22 ±0.03 0.79 ±0.28 3.6 P <10-3

Electroporation increases the amount of bleomycin in 
the tumor after electrochemotherapy with bleomycin 

 The amount of bleomycin in 
the tumors that were 
electroporated is (6-10 fold) is 
higher than in those that were 
not

Engstrom et al. Bioelectrochem Bioenerg 1998
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Electroporation increases the amount of platinum bound to DNA 
after electrochemotherapy with cisplatin in vivo

Time after treatment (hours)
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Cemazar et al Brit J Cancer 1999; 79: 1386-1391.

Antitumor effectiveness of electrochemotherapy is not due only to direct 
cytotoxic effect to tumor cells......
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 In tumors treated with electrochemotherapy, cell kill was increased by a 
factor of 20, compared with treatment with cisplatin

PF = 20

log cell kill (CDDP):  0.017
log cell kill (EP):        0.04 
log cell kill (ECT):     0.77
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Antitumor effectiveness of electrochemotherapy is 
dependent on the immune status of the animals

 Tumor cures were obtained only in immunocompetent C57Bl/6 mice, demonstrating 
that immune response is needed to completely eradicate the tumors.

Sersa et al, Bioelectroch Bioener 1997; 43: 297-283.

LPB fibrosarcoma tumors
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Vaccination of BALB/c mice with ECT treated CT26 
cells resulted in almost complete protection from 
tumor challenge

Immunogenic 
cell death

Vascularization of the 
tumours and effect of 
applied electric pulses

EP and staining with Patent blueUntreated tumor 

Position of 
electrodes

Tumors stained 
with Patent blue

Control      EP

Electroporation of tumours induces 
drug entrapment by vascular lock in the 

tumours
 Platinum content 

in the tumours 
after 
electrochemo-
therapy  and 
cisplatin injected 
intravenously.
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Cemazar  et al Brit J Cancer 1999; 79: 1386-1391.
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Vascular lock 
induced by 

electroporati
on in normal 
blood vessels 

– dorsal 
window 

chamber in 
mice

Bellard E, Markelc B, Pelofy S, Le Guerroué F, Sersa G, Teissié J, Cemazar M, Golzio M. Intravital microscopy at the single vessel level 
brings new insights of vascular modification mechanisms induced by electropermeabilization. J Control Release. 2012;163(3):396-403. 

ECT induce vascular lock and completely abrogates tumor blood flow; 
increased permeability of blood vessels

Before

Time in 
relation to EP

Control

Bleomycin

8 EP, 780 V, 100 s, 1 Hz; del: 6mm
Bleomycin 100 g/mouse
FITC dextran 70KDa

EP and ECT do not affect normal blood vessels surrounding tumor

Before EP

Markelc et al PloS one, 2013, vol. 8, iss. 3
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Electroporation increase vscular permeability –
dorsal window chamber in mouse

Bellard E, Markelc B, Pelofy S, Le Guerroué F, Sersa G, Teissié J, Cemazar M, Golzio M. Intravital microscopy at the single vessel level 
brings new insights of vascular modification mechanisms induced by electropermeabilization. J Control Release. 2012;163(3):396-403. 

Vascular disrupting effect of electrochemotherapy

Quicker and more 
pronounced decrease 
in blood flow –
occuring already at 10 
min after ECT: changes 
in cytoskeletal proteins 
and proteins involved 
in cell to cell junctions 
in endothelial cells also 
due to the drug action? 

Mechanisms contributing to antitumor effectiveness of 
electrochemotherapy

Tumor cells Endothelial cells

EP BLM / CDDP

Cell permeabilization

Transient 
reduction in 
tumor blood flow

DNA damage

Increased DNA 
damage

Cell death

Reduction in tumor 
blood flow

Tissue destruction

EPBLM / CDDP

Cell permeabilization DNA damage

Increased DNA 
damage

Cell death

Tissue destruction

Immune 
response

Drug delivery Vascular disruption

Cytoskeletal 
changes; increase 
in vascular 
permeability
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Perspectives of Electrochemotherapy

Combination of electrochemotherapy with other 
treatments (standard and novel)

Local tumor control of LPB tumours treated by single dose of irradiation and 
combined with cisplatin or bleomycin and/or electroporation

Irradiation dose (Gy)
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Kranjc et al Anticancer Res 2003; 23: 275-282.

CDDP BLM

Antitumor effectiveness of electrochemotherapy with 
bleomycin can be increased by immunostimulation

• Antitumor effectiveness of 
electrochemotherapy with 
bleomycin was increased when 
animals were treated with 
peritumoural injection of cells 
secreting IL-2. 
• A- Percentage of cures achieved 

after injection of allogeneic
cells. 

• B - Percentage of cures 
achieved after injection of 
xenogeneic cells. 

Mir et al 1995

ECT + IL-2

ECT + IL-2

ECT; IL-2

IL-2

ECT
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Antitumour effectiveness of electrochemotherapy with cisplatin 
(i.v.) can be increased with recombinant TNF-a

Cemazar et al. Radiology & Oncology 2015; 49: 32-40.

Vascular effect of different treatments. (A) CDDP(B) 
ECT (C) TNF-α and CDDP (D) TNF-α and ECT

Adjuvant intramuscular interleukin-12 (IL-12) gene
electrotransfer potentiates the antitumor response of
intratumoral electrochemotherapy with cisplatin.

• Increase in the cure rate is dose 
dependent in SA-1 tumors

• Differential cure rate of TS/a tumors 
growing in immunocompetent and 
immunodeficient mice 

Sedlar et al. Radiol Oncol 2012

TT (days) GD (days) CR
Control 3.7 ± 0.3 - -

1x EGT mIL-12 6.8 ± 2.3 3.1 -
3x EGT mIL-12 8.3 ± 2.7 4.6 1/11 (9%)

ECT CDDP 22.6 ± 3.2 18.9 2/12 (17%)
1x EGT mIL-12 + ECT CDDP 33.3 ± 10.3 29.7 2/5 (40%)
3x EGT mIL-12 + ECT CDDP 39.5 ± 9.4 35.8 6/10 (60%)

Number of mice per group = 5 – 12
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Electrochemotherapy in human oncology 

Electrochemotherapy is a local treatment of cancer, which combines the administration of the 
chemotherapeutic drug followed by application of electric pulses to the tumour, in order to facilitate 
the drug uptake into the cells. Currently, only two chemotherapeutics are used in 
electrochemotherapy, bleomycin and cisplatin, which both have hampered transport through the 
plasma membrane without electroporation of tumours. Preclinical studies focused on the treatment 
parameters, route of drug administration and proved its effectiveness on several experimental tumour 
models. Based on the known mechanisms of action, electrochemotherapy has been successfully tested 
in the clinics and is now in standard treatment of cutaneous tumours and metastases. 
Electrochemotherapy as a platform technology, is now being translated also into the treatment of 
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Electrochemotherapy in human 
oncology

Prof. Gregor Sersa, Ph.D.

Institute of Oncology Ljubljana
Department of Experimental Oncology, Slovenia

Electroporation as platform technology for
drug and gene delivery

• Drug electrotransfer-
Electrochemotherapy

– Primary and metastatic disease
– Clinical application 

• Gene electrotransfer – Electro gene 
therapy

– In preclinical setting
– The first clinical studies

Electroporation technology is available in 140 
centers throughout the Europe

Country Centres

Italy 37

Germany 45

Austria 2

Portugal 1

Spain 5

Sweden 4

Denmark 1

Greece 2

Switzerland
Great Britain/Ireland

1
12

Hungary 2

Poland 1

The Netherlands 1

Lithuania 1

France 8

Slovenia 3

Belgium

Research

1

12

Total 140

36

45

4

25

12

8
2

1

1

1

1

3

1

1

1
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In these centers they treat patients with 
Electro Chemo Therapy: ECT

Definition
• Potentiation of antitumor 

effectiveness of the non-permeant
anticancer drugs by application of 
electric pulses at the tumor site.

• Electric pulses transiently 
permeabilize plasma membrane and 
thus increase drug delivery into the 
cells.

Electro Chemo Therapy: ECT

Combination therapy based on
Electric pulses (Medical Device) + 

established chemotherapeutic drugs

Local tumour control:
- Good efficacy

- Long term responses

Development timeline of clinical electrochemotherapy

Campana LG et al. EJSO 2019
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Well known mechanisms involved in antitumor
effectiveness of electrochemotherapy

• Direct effects on 
tumor cels:
Electroporation 
Immune response

• Indirect effects by:
Drug entrapment
Vascular disruption

ECT is targeting three therapeutic targets

Hanahan in Weinberg,  Cell 2011 

ECT is one of the skin directed therapies

• Electrochemotherapy
• Photodynamic therapy
• Radiotherapy
• Intralesional therapy
• Topical delivery
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Meta analysis

• ECT has comparable 
effectiveness to other 
skin directed ablative 
techniques

Guidelines

• NICE

• German 
Guidelines

New SOP for electrochemotherapy have just 
been published

• Indications for treatment
• Treatment

• anaesthesia, 
• drug administration,
• choice of electrode

• Other considerations:
Wound care and nursing
Follow up and retreatment
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Electrochemotherapy - procedure

Marty and Sersa et al. EJC Suppl 2006

Electrochemotherapy:
Increased cytotoxicity of chemotherapeutic drugs

• Effective for hydrophilic 
drugs with hampered 
transport through the 
plasma membrane

• Drugs that have clinical 
applicability:
Bleomycin (BLM)
Cisplatin (CDDP)

BLM

CDDP

Electric pulse generator

• Cliniporator™, CE marked, produced 
by IGEA

• Appropriate pulse configurations set 
for each electrode type

• Two options for frequency (1Hz, 5kHz) 
• Visual confirmation of the quality of the 

delivered pulses
• Stores voltage and current data
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Electrochemotherapy

Advantages
• Increase in therapeutic

index:
• Increase in 

antitumor efficacy of 
the administered 
chemotherapeutic 
drug.

• Less side effects, 
because lower 
doses are needed 
for the treatment.

ESOPE study

• Standard Operating Procedures (SOP)
• Mir et al. EJC Suppl 2006

• Clinical trial
•Marty and Sersa et al. EJC Suppl 2006

The goal of ESOPE clinical trial was to:

• Determine objective response rate and complete 
response rate of the treated tumor nodules after single 
treatment,

• Determine the efficacy of of each of the two drugs used 
in electrochemotherapy and the influence of the route 
of bleomycin administration,

• Determine the treatment response according to the 
tumor type, size and location,

• Evaluate the influence of the type of electrodes and 
electrical parameters,

• Evaluate the toxicity of the treatment
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Treatment response
Dependence on drug used and route of its administration

• Local tumor control rate at 
150 days

• ECT BLM i.v.   88.2%
• ECT BLM i.t.    73.1%
• ECT CDDP i.t  75.4%
• NS - p= 0.09

Time after therapy (days)
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ECT– BLM i.v.

ECT– BLM i.t.

ECT–CDDP i.t.

Marty and Sersa et al. EJC Suppl 2006

Response rate of the patients treated before and
in ESOPE study

Electrochemotherapy with BLM
202 pts were included
655 tumor nodules treted

Electrochemotherapy with CDDP
45 pts were included
354 tumor nodules treated

Electrochemotherapy Patients Nodules Response %

PD NC PR CR OR

Before ESOPE study 247 1009 6 11 19 64 83

ESOPE study 41 171 5 10 11 74 85

Sersa et al. EJSO 2007

ESOPE project: 
41 pts were included
171 tumor nodules treated

Electrochemotherapy proved to be effective in 
treatment of various cutaneous tumor nodules:

• Melanoma
• Basal cell carcinoma 
• Kaposi sarcoma
• Cervix leiomyosarcoma
• Head and neck cancer
• Hypernephroma
• Squamous cell 

carcinoma of the skin
• Breast cancer

• Predominant use:
• Melanoma metastases

• Palliative intent
• When other treatment 

modalities have failed 
or proved insufficient

• Cytoreductive 
treatment before 
surgical excision

• Management of 
bleeding metastases
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Indications for ECT treatment

• Easy and effective treatment of single or multiple tumor nodules 
of any histology in the cutaneous and subcutaneous tissue.

• Treatment that increases quality of life in patients with 
progressive disease.

• Treatment of choice for tumors refractory to conventional 
treatments.

• Neoadjuvant treatment in form of cytoreductive therapy before 
conventional treatment.

• Organ sparing and function saving treatment.

• Treatment of hemorrhagic or painful nodues, since it reduces 
bleeding and in some cases pain level.

Indications for ECT treatment

• Easy and effective treatment of single or multiple tumor nodules 
of any histology in the cutaneous and subcutaneous tissue.

• Treatment that increases quality of life in patients with 
progressive disease.

• Treatment of choice for tumors refractory to conventional 
treatments.

• Neoadjuvant treatment in form of cytoreductive therapy before 
conventional treatment.

• Organ sparing and function saving treatment.

• Treatment of hemorrhagic or painful nodues, since it reduces 
bleeding and in some cases pain level.

Malignant melanoma: 
ECT with BLM i.v., hexagonal electrodes, single application

Before treatment 

After 13 weeks

Treatment 
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Malignant melanoma: 
ECT with BLM i.v., plate electrodes, single application

Before ECT

After 2 months
Quaglino P et al.: Ann Surg 
Oncol 2008

Malignant melanoma 
ECT with CDDP i.t., plate electrodes, single application

• CR for 8 years

Before treatment; February 1997 April 1997

March 2003 October 2005

Snoj  et al. EJC Suppl 2006

Hypernephroma 
ECT with BLM i.v., plate electrodes, single application
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Squamous cell carcinoma
ECT with BLM i.v., plate electrodes, multiple applications (2)

Marty and Sersa et al. EJC Suppl 2006

Squamous cell carcinoma 
ECT-BLM i.v., hexagonal electrodes, single application

Pre-study                                                             After 2 weeks

After 7 weeks                                                      After 9 weeks

Unpublished data, patient treated at University Clinical centre Ljubljana

Basal cell carcinoma
ECT-BLM i.v.; plate electrodes, single application

After 2 weeks                                                      After 8 weeks

Unpublished data, patient treated at University Clinical centre Ljubljana
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Kaposis‘s sarcoma
• 19 patients
• Stage I , II

Locally advanced and 
metastatic soft tissue 
sarcoma

• Tumor size – 4 cm (2-12)
• 15 patients; 71 target lesions
• Objective response 92% (CR 32,2%)
• 2 year controll rate  72%
• Toxicity ulceration

Indications for ECT treatment

• Easy and effective treatment of single or multiple tumor nodules 
of any histology in the cutaneous and subcutaneous tissue.

• Treatment that increases quality of life in patients with 
progressive disease.

• Treatment of choice for tumors refractory to conventional 
treatments.

• Neoadjuvant treatment in form of cytoreductive therapy before 
conventional treatment.

• Organ sparing and function saving treatment.

• Treatment of hemorrhagic or painful nodues, since it reduces 
bleeding and in some cases pain level.
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Malignant melanoma: 
ECT with BLM i.v., hexagonal electrodes, single application

Before treatment

After 2 weeks

After 4 weeks

Sersa G et al. EJC Suppl 2006

Indications for ECT treatment

• Easy and effective treatment of single or multiple tumor nodules 
of any histology in the cutaneous and subcutaneous tissue.

• Treatment that increases quality of life in patients with 
progressive disease.

• Treatment of choice for tumors refractory to conventional 
treatments.

• Neoadjuvant treatment in form of cytoreductive therapy before 
conventional treatment.

• Organ sparing and function saving treatment.

• Treatment of hemorrhagic or painful nodues, since it reduces 
bleeding and in some cases pain level.

B

Anal
malignant 
melanoma

ECT-CDDP i.t.

Immediately
after
treatment

Day 46
19 days after
retreatment
2 days
before operation

ECT treatment

Day  27,
Retreatment

14 months
after the
beginning of
treatment
Snoj et al. 
Anticancer 
Drugs2005
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Indications for ECT treatment

• Easy and effective treatment of single or multiple tumor nodules 
of any histology in the cutaneous and subcutaneous tissue.

• Treatment that increases quality of life in patients with 
progressive disease.

• Treatment of choice for tumors refractory to conventional 
treatments.

• Neoadjuvant treatment in form of cytoreductive therapy before 
conventional treatment.

• Organ sparing and function saving treatment.

• Treatment of hemorrhagic or painful nodues, since it reduces 
bleeding and in some cases pain level.

Before  ECT After ECT – bleeding stopped

Squamous cell carcinoma: 
ECT with BLM i.v., plate electrodes, multiple applications

Malignant melanoma 
ECT with BLM i.v., hexagonal electrodes, multiple applications
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Toxicity of electrochemotherapy
• Clinical studies reported satisfactory toxicity profile

• No systemic side effects were recorded
• Local effects of ECT:

• Pain associated with application of electric pulses 
(muscle contrations were recorded in 78% patients)

• Mild edema and erythema of the treated area
• Crust formation that persists for several weeks
• Treated area is without scarring after regression of the 

tumor nodule
• Effect on normal tissue around the tumor is minimal; 

enabling treatment of safety margins
• Electric pulses applied to the chest do not interfere with 

heart function

Conclusions

• ECT is a palliative treatment

• ECT is effective

• ECT is easy to perform

• ECT is one session treatment

• ECT is a new therapeutic option for patient otherwise 
untreatable 

Response rate of the tumors pooled from 
individual studies

Miklavcic D et al. BioMedical Engineering OnLine 2014
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Head&Neck Cancer: ECT rationale 

• More than 70% of H&N patients are diagnosed in advanced stages.
• Five year survival time is ranging 70 to 85% in non-advanced stage [T1,2]

meanwhile is 30 to 40% in advanced ones [T3,4] .
• In early stages [T1,2] the complete resolution is approximately 80%. In

advanced stages [T3,4] patients this percentage decreases 10% to 20%
with a high rate of local recurrence and metastases [10% - 30%].

• Long term resolution is more difficult to achieve in advanced stage
patients.

• Surgery and radiotherapy can impair severely quality of life.

43

44

Ospedale A. Cardarelli, Napoli

Before ECT 1 year after ECT

Gargiulo M., et al. Ann Surg, 2012.

JCUH – Middlesbrough - UK

South Tees NHS, Middlesbrough, UK, 2008

Before ECT After ECT
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University of Pavia, IRCCS Policlinico S. Matteo

oncology division Mevio N, et al. Tumori, 2012.

* CT – chemotherapy

Recent studies on Head & Neck cancer
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New developments in clinical 
applications of
electrochemotherapy

• Melanoma
• Basal cell carcinoma 
• Kaposi sarcoma
• Cervix 

leiomyosarcoma
• Head and neck cancer
• Hypernephroma
• Squamous cell 

carcinoma of the skin
• Breast cancer

• Translation into treatment of 
deep seated tumors:

• New tecnological approaches 
are needed:

• Long needle electrodes
• Subcutaneous t. > 2 cm deep
• Liver tumors
• Sarcomas
• Bone metastases

• Endolumiminal approach
• Rectal and esophageal 

cancer
• Electrodes for brain tumors

• Brain metastases and primary 
tumors

Electrochemotherapy proved to be effective in 
treatment of various cutaneous tumor nodules:

Optimization of the treatment according to the 
drug and electric field distribution

• For the effective ECT sufficient:
Electric field must be distributed throughout the 

tumor
Drug must be present in the tumors
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For effective drug or gene delivery specific electrical 
parameters are needed and adequate coverage of the target 
tissue with electric field

Sersa et al. Cancer Immunol Immunother 2015

For long needle electrodes treatment plan provides adequate 
coverage of the treated tumor with sufficient electric field

Yarmush et al. Ann Rev Biomed Engineering 2014

Visifield treatment planning/electric field 
visualization web-based tool

• Uploading images
• Automatic segmentation
• Validating/correcting 

segmentation
• Specifying electrodes 

and direction of insertion
• Submitting case for 

calculation

Procedure:

www.visifield.com
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A new analytical method for 
determination of BLM was developed

• Liquid 
chromatography 
coupled with high 
resolution mass 
spectrometry

Therapeutic window

• With the aim to determine effective therapeutic 
window of electrochemotherapy, we analyzed 
bleomycin pharmacokinetic parameters in 
elderly patients

Pharmacological data 
indicate on:
- longer treatment window and

- possible reduction of the BLM 
dose, specifically in elderly 
patients

Groselj and Krzan et al. Cancer Chemother Pharmacol 2016
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Is lowering of BLM 
dose as effective as 
standard BLM 
dose?

• Non randomized prospective controlled study was 
conducted between June 2014 and November 2016 at 
the Department of Otorhinolarygology and Cervical 
Surgery at University medical Centre Ljubljana

• Approved by Republic of Slovenis National Medical 
Ethics Committee

• The indications for the treatment were approved by Head 
and Neck Tumor Board for each patient

Groselj et al. Head and Neck 2017

Patients and methods
• Standard exclusion and inclusion criteria
• Age 65 or more
• The first 16 patients were treated with 

standard 15 000 IU/m2 BLM
• The second 12 patients wer treated with 

lower 10 000 IU/m2 BLM
• The groups wre mached according to 

patients age and gender as well as tumor 
characteristics (diameter, histology type, 
recurrent lesions)

Response

• Evaluation 2 moths after ECT
• All tumors responded to ECT

Lower dose of BLM group 100% CR
Standard dose of BLM group 96% CR

• Per patient
Lower dose 100% CR
Standard dose 94% CR

• No difference in response between the 
smaller and bigger tumors (3 cm)

• No significant difference in skin toxicity 
between groups. 

• Better healing process with lower BLM dose
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Example 1

• Standard 
dose

• Lower 
dose

Example 2

• Standard 
dose

• Lower 
dose
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Conclusions

• There is an increasing body of published clinical 
data on electrochemotherapy, but more high quality 
data are needed

• Published papers often lack accurate description of 
study population, treatment delivery as well as 
patient outcome

• Our recommendations, provided in a form of a 
summary checklist are intended to ameliorate data 
reporting in future studies on electrochemotherapy 
and help researchers to provide a solid evidence 
basis for clinical parctice.

Current and future issues to be resolved

• Spread of the technology into different centers (also in USA)
• Inclusion into the guidelines for different skin tumors
• Broadening of indications

• Neoadjuvant treatment
• Primary tumors

• Phase II and III trials for comparison with other treatments ??
• Translation into treatment of deep seated tumors
• Combined with systemic or local treatments

• Targeted therapies
• Immuno-stimulatory therapies (gene therapy)

• Advancement in technological level
• New electrodes
• Treatment planning
• Predictive assays for response (radiology, molecular markers)
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• Institute of Oncology Ljubljana

• ARRS

• EBAM European Associated Laboratory (LEA).

• COST

• IGEA

21-22 OCTOBER 
2019

2nd ESSO Course on 
Electrochemotherapy of Cutaneous
and Deep Seated Tumors

LJUBLJANA 
SLOVENIA

www.essoweb.org
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Asist. Aleš Grošelj 

 
Aleš Grošelj graduated from Medical faculty, University of Ljubljana in 2000 and 
finished his specialization in otorhinolaryngology in 2008. In 2008 he started 
working in the Department of otorhinolaryngology and cervicofacial surgery (ORL 
CFK) and from 2010 he is the head of the Division of intensive care of the ORL CFK 
department. His specific interest in the field of electrochemotherapy is the 
treatment of head and neck tumors. 

 

 

Electrochemotherapy of deep - seated tumors 
 
Treatment with electrochemotherapy is by far used for treatment of cutaneous cancers. Its 
potential for treating deep-seated head and neck lesions, but also those in other areas of the 
body is yet to be fully understood and appreciated. Emphasizing the importance of proper 
patient and treatment parameters selection, their education about the possible drawbacks 
of treatment and, last but not least, outcomes are of utmost importance. We present two 
patients, both with squamous cell carcinomas of head and neck, but with very different 
outcomes. 
 
 
 
Related literature 
 
GROŠELJ, A., BOŠNJAK, M., STROJAN, P., KRŽAN, M., ČEMAŽAR, M., SERŠA, G.. Efficiency of electrochemotherapy 
with reduced bleomycin dose in the treatment of nonmelanoma head and neck skin cancer : preliminary results. 
Head & neck, 2018. 
 
GROSELJ A, KOS B, CEMAZAR M, URBANCIC J, KRAGELJ G, BOSNJAK M et al. Coupling treatment planning with 
navigation system: a new technological approach in treatment of head and neck tumors by 
electrochemotherapy. Biomed Eng Online, 2015.  
 
BERTINO G, SERSA G, DE TERLIZZI F, OCCHINI A, PLASCHKE CC, GROSELJ A et al. European Research on 
Electrochemotherapy in Head and Neck Cancer (EURECA) project: Results of the treatment of skin cancer. Eur J 
Cancer, 2016. 
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prof. dr. Nataša Tozon 

 
Prof. dr. Nataša Tozon graduated from the Veterinary Faculty of the University 
of Ljubljana in 1991 and completed her PhD in 1998.  Since 2014, she has been 
a full professor, teaching the course Animal Health and Diseases – Internal 
Medicine of Small Animals, at the Veterinary Faculty in Ljubljana. Since 1997 
has given lecture courses on infection diseases and clinical oncology as a part 
of the subject Health and Diseases of Carnivores. Since 2018 she is the Head 
of the Clinic for Small Animals of Veterinary Faculty. She is the author of more 
than 200 published works. Her work is focused on infection disease and 
clinical oncology. She introduces and adapts the alternative treatment option 
of neoplastic disease in veterinary medicine, electro-chemotherapy and 
electrogene therapy.  

 

Electrochemotherapy in veterinary oncology 

Electrochemotherapy (ECT) is a local approach, which is used for treating solid tumors of different 
histologies. Its mechanism is based on cell membrane permeabilization by means of "electroporation". 
To achieve the "electroporation" of the cells, electric pulses are generated by a generator and 
delivered to the target tissue by the use of electrodes. Electroporation is a physical method, which is 
used to introduce molecules, like cytostatic drugs, into the cells that could not pass the cell membrane 
on their own. In ECT, currently, cisplatin and bleomycin are clinically used. ECT became a standard 
method for the specific type and location of tumors (cutaneous, subcutaneous and oral tumors) in 
dogs, cats and horses. It can be used as a single therapy or as an adjuvant therapy to surgery. 
Electrochemotherapy antitumor effectiveness is high, for example, over 80% of complete response 
(CR) is achieved in cats with SCC, up to 100% CR response of canine mast cell tumors smaller than 2 
cm3 and up to 100% CR in horses with sarcoidosis. Additionally, electrochemotherapy can be used for 
the treatment of inoperable tumors. One of the important characteristics of electrochemotherapy is 
that it can be effective as a one-time treatment only. However, in the case of failure or partial tumor 
response it can be repeated several times with equal or improved effectiveness. Electrochemotherapy 
is already a standard treatment for cutaneous and subcutaneous tumors of various histologies in 
human and veterinary oncology. Furthermore, several clinical studies exploiting electrochemotherapy 
for deep-seated tumors are on-going. 

Relevant literature: 

TOZON, Nataša, PAVLIN, Darja, SERŠA, Gregor, JESENKO, Tanja, ČEMAŽAR, Maja. Electrochemotherapy with intravenous 
bleomycin injection: an observational study in superficial squamous cell carcinoma in cats. Journal of feline medicine and 
surgery., 2014. 

TOZON, Nataša, KRAMARIČ, Petra, KADUNC KOS, Vesna, SERŠA, Gregor, ČEMAŽAR, Maja. Electrochemotherapy as a single 
or adjuvant treatment to surgery of cutaneous sarcoid tumours in horses: a 31-case retrospective study. Veterinary record, 
2016. 

ČEMAŽAR, Maja, AMBROŽIČ, Jerneja, PAVLIN, Darja, SERŠA, Gregor, POLI, Alessandro, KRHAČ LEVAČIĆ, Ana, TEŠIĆ, Nataša, 
LAMPREHT TRATAR, Urša, RAK, Mitja, TOZON, Nataša. Efficacy and safety of electrochemotherapy combined with 
peritumoral IL-12 gene electrotransfer of canine mast cell tumours. Veterinary and comparative oncology, 2016.  

MILEVOJ, Nina, LAMPREHT TRATAR, Urša, NEMEC, Ana, BROŽIČ, Andreja, ŽNIDAR, Katarina, SERŠA, Gregor, ČEMAŽAR, 
Maja, TOZON, Nataša. A combination of electrochemotherapy, gene electrotransfer of plasmid encoding canine IL-12 and 
cytoreductive surgery in the treatment of canine oral malignant melanoma. Research in Veterinary Science, 2019 
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ELECTROCHEMOTHERAPY IN TREATMENT 
OF TUMORS IN DIFFERENT ANIMAL 

SPECIES

N Tozon1, D Pavlin1 , G Sersa2 and M Cemazar2

1Veterinary Faculty, Small Animal Clinic, Ljubljana
2Institute of Oncology, Ljubljana

Slovenia

4th Veterinary Workshop on 
Electroporation-Based Treatments

2 – 3 April 2019

Electroporation-based applications in veterinary medicine

 ECT (bleomycin, cisplatin)

 GET (IL-12, growth hormon-
releasing hormon,… )

 DNA vaccination (infectious 
diseases, cancer-associated 
antigens)

- single th
- adjuvant (surgery, radioth, 

chemoth)
- neoadjuvant – citotoreduc. th

1997 – 2012: > 40 
- 2019: > 80 publications 

in scientific journals 
single or adjuvant use of ECT

ECT and/or GET in vet medicine
(PubMed database)

Electrochemotherapy

 The aim: to introduce ECT with cisplatin
and bleomycin into veterinary medicine

 Why: There is a need for effective, easy
applied and inexpensive treatment

 What: cutaneous and subcutaneous tumours
of various histological types in various
animal species.

 Naturally occuring tumors in dogs and cats:
 Very good model for human tumors
 They share many epidemiological, biological 

and clinical features with human tumors
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Treatment protocol:

1. Pretreatment evaluation
2. Patient preparation:

• short i.m.(kethamine) / i.v. total anaesthesia 
2. Drug application:

A. Cisplatin i.t.: ~ 1 - 2mg/1cm3 (dogs, horses)
B.  Bleomycin i.t.: ~ 1.5 - 3mg/1cm3 (dogs, cats)
C. Bleomycin i.v.: 30 mg/m2 BSA (dogs, cats)

3. Application of EP: 
i.t. injection = 1-2 min / i.v.injection = 10 min after

(visible tumour + in margins)

Perianal tumours:

Patient’s and tumour nodule characteristics
 March 2000 -September 2006
 Histologycal type: 

 Adenomas 35 (46%)
 Adenocarcinomas 31 (40.8%) 
 Other 10 (13.2%)

Patients Breed Age/sex No. of 
nodules Castration

Observation 
time 
(months)

28 different 12 (8-14) 
/ male

76
(1 – 9) 11/28 14.7 

(2 – 71)

Tozon et al, 2005
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Perianal tumours – response to therapy

before ECT 4 weeks after first ECT 4 weeks after second ECT

Biphasic pulses enhance bleomycin efficacy in a spontaneous
canine perianal tumors model.
Spugnini E et al, J Exp Clin Cancer Res. 2007

Protocol: 
- Sedation
- Bleomycin 1.5 mg/mg – EP after 5 min (8 pulses lasting 50 + 50 micros

with 1 ms interval, needle electrodes)
12 patients: 8 adenoma + 4 ACA:

 the overall response rate was 91% with a 83% of CR (10/12); 
 one dog had a PR that lasted 12 months (Ad T4N0M0) and

another had PD (CA T4N0M0)
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Mast cell tumours (MCT):

 the most common cutaneous 
tumours in the dog, 
representing 16 – 21% of all 
cutaneous tumours. 

 Wide range of appearance and 
behaviour, which can make 
these tumours challenging to 
diagnose and treat. 

 Treatment protocol should be 
appropriate according to 
histological grade and clinical 
stage: wide surgical excision
with/without radio /
chemotherapy/immunotherapy

Electrochemotherapy compared to surgery of canine mast cell tumours

Veronika Kodre, Maja Cemazar, Jani Pecar, Gregor Sersa, Andrej Cőr, Natasa Tozon

Pt. 
no. Breed Age 

(years)/sex 
Duration of clin. 

signs (days) 
Tumour 
location 

Clinical 
stage Cytology Histology Previous treatment Treatment No. of 

tumours 
1 Labrador retriever 8/M 14 Neck I MCT grade I no Surgery 1 
2 Boxer 6/F 10 Thorax I MCT grade I no Surgery 1 
3 Rhode. Ridgeback 0.5/M 7 Head III MCT grade II no Surgery 1 
4 German s. Pointer 8/M 20 Back I MCT grade II no Surgery 1 
5 Cross-breed 9/F 30 Hind leg I MCT grade II no Surgery 1 
6 Labrador retriever 6/M 30 Hind leg I MCT grade II no Surgery 1 
7 Boxer 3/F 14 Hind leg I MCT grade II no Surgery 1 
8 Boxer 5/M 20 Head I MCT grade II no Surgery 1 
9 Riesenschnauzer 3//M 14 Perianal  III MCT grade II no Surgery 1 
10 Shar pei 5/F 45 Back I MCT grade III no Surgery 1 
11 Labrador retriever 3/M 20 Head I MCT grade III no Surgery 1 
12 Doberman pin. 7/M 14 Abdomen I MCT grade III no Surgery 1 
13 Airdale Terrier 2.5/M 30 Inguinal  I MCT grade III no Surgery  1 
14 Golden retriever 4/M 20 Head I MCT grade III no Surgery 1 
15 Irish setter 12/M 30 Scrotum III MCT grade III no Surgery 1 
16 Briard 14/F 30 Fore leg III MCT grade III no Surgery 1 
17 Boxer 4/M 14 Hind leg III MCT ND no ECT 2 
18 Irish setter 11/M cas. 30 Hind leg I MCT ND no ECT 1 
19 Stafford terrier 4/M 40 Hind leg I MCT ND no ECT 1 
20 Cross-breed 9/M 14 Thorax III MCT ND no ECT 2 
21 Rottweiler 9/M 30 Fore leg III MCT ND no ECT 1 
22 Boxer 6/F cas. 30 Neck IV MCT grade III Surgery (3 weeks ago) ECT 4 
23 Bernese moun. dog 9/ M 20 Abdomen III MCT ND no ECT 1 
24 Yorkshire terrier 10/F 14 Abdomen I MCT ND no ECT 1 

25 Stafford terrier 8/F cas. 10 Fore leg/ 
thorax III MCT ND no ECT 2 

26 Cross-breed  7/F 14 Fore leg I MCT ND no ECT 1 
 

Table 1. Summary of dogs’ characteristics.

Kodre et al, 2009
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Table 2. Tumour volumes, histology and response to treatment in 
dogs treated with complete surgical excision.

Patient 
no. Histology Tumour volume 

(cm3)* Follow up time (months) Response 

at the end of follow up 
1 grade I 0.67 22.5 PD 
2 grade I 1.77 8 CR 
3 grade II 43.98 3 PD 
4 grade II 0.52 21.5 CR 
5 grade II 9.42 9.5 CR 
6 grade II 9.42 23 CR 
7 grade II 4.19 18 CR 
8 grade II 1.77 13 CR 
9 grade II 6.28 13 PD 

10 grade III 4.19 24 PD 
11 grade III 6.28 20.5 CR 
12 grade III 1.77 22.5 CR 
13 grade III 4.19 7 PD 
14 grade III 6.28 1.5 PD 
15 grade III 18.85 0.7 PD 
16 grade III 6.28 8.5 PD 

 

PD-progressive disease, CR-complete response
* tumour volume at the beginning of treatment 8 CR and 8 PD

Table 3. Tumour volumes, details about treatment and response to
treatment in dogs treated with ECT

Patient no.  
Nodule 

Number 
of 

sessions 

Cisplatin 
dose 

(mg/nodule) 

Number of trains 
of el. 

pulses/nodule 

Tumour 
volume (cm3) Follow-up time 

(months) 

Response at the end of 
follow up 

17 1 1 1.0 8  1.00 14 CR 
 2 1 1.0 8  1.00 14 CR 

18 1 1 1.2 3  1.65 36 CR 
19 1 2 6.0/3.0 17/21 5.28 36 CR 
20 1 1 3.0 10 0.52 27 CR 
 2 2 3.0/3.0 10/10 4.19 27 CR 

21 1 2 8.0/21.0 23/24  25.41 2 NC 
22 1 2 6.0/3.0 16/13  14.60 7 PD 
 2 2 3.0/1.5 6/6  3.39 7 PD 
 3 2 4.0/4.5 12/8  6.08 7 PD 
 4 1 0.4/0.75 2/2  0.34 3 CR 

23 1 2 5.4 18 14.60 24 CR 
24 1 1 0.2 1  0.02 36 CR 
25 1 3 10.0/7.0/9.0 22/17/29  30.23 8 PD 
 2 3 2.0/2.0/3.0 8/7/5  8.14 8 NC 

26 1 1 0.5 4 0.79 6 CR 
 

PD- progressive disease; NC-no change; CR-complete response; 
Dose of cisplatin and the number of trains of electric pulses were adjusted according to the tumour 
volume 10 CR, 2 NC and 4 PD

Kaplan Meier survival curves for tumour regression - local tumour control - for 
patients treated with surgery and ECT with cisplatin. 
Circles represent censored data. At the end of the study 7 dogs were still in CR of 
ECT treated group and 8 dogs treated by surgery.
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Adjuvant electrochemotherapy for the treatment of incompletely 
resected canine mast cell tumors.
Spugnini EP et al, Anticancer Res. 2006

The overall response rate was 85% with a mean estimated time to 
recurrence of 52.76 +/- 6.5 months (range: 39.99 to 65.54 months, 95% 
CI).

51 dogs with MCT:
- 15 ECT only
- 11 intra-surgery – the group showed the best disease free interval
- 14 adjuvant to surgery

Vet & Compar Onco (2017) 15(3) 775-784

Electric pulses were delivered through the electrodes that were placed on the tumour 
nodule during the procedure. If the tumour was bigger than the distance between the 
electrodes, several trains of electric pulses were applied in order to cover whole tumour 
area and safety margins, using criteria for surgical excision.
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before ECT 2 weeks after ECT 4 weeks after 
ECT

The tumour nodule in some cases (patient No. 26) disappeared without 
evidence of local necrosis and without superficial scab formation.

MCT

4 weeks after ECT

CCDP

8 weeks after ECT

BLM

CCDP / BLM – expected different local reaction

MCT - intraoperative ECT (surgery without clean margins)

metacarpal reg., 3x2x2 cm mass

bleomycin i/v, plate electrodes
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AC of sweat glands

 uncommon tumour 
 present as solid nodular 

intradermal masses and the 
overlying epidermis is 
frequently ulcerated

 Lymphatic involvement in 
about 25%, distant metastatic 
spread is uncommon.

 Wide surgical excision with 
adjuvant radiotherapy is the 
treatment of choice.

8 weeks after ECT

Haemangioma

6 years after ECT

Haemangiopericitoma

5 years after ECT
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Viola
 GR, 2 y 
 04.07.08:

 biopsy - PH: FS
 T2aN0M0/III

 25.07.08: 
 ECT i/tumor. (cisplatin)

 09.09.08:
 biopsy - PH: CR

 ~ 18 m CR

Cats

 Squamous cell carcinoma (SCC):
 15% of all skin tumours in cats
 locally invasive with low 

metastatic rate
 surgery, cryosurgery

 15% of all skin tumours 
in cats

 locally invasive with 
low metastatic rate

 surgery, cryosurgery
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ECT with bleomycin for treatment of SCC in cats

Tozon et al, 2013

87.5% CR for 2 m - > 3 years (2 recurr.: 2/8 m after ECT procedure )

Electrochemotherapy for the treatment of squamous cell carcinoma
in cats: a preliminary report.
Spugnini EP et al, Vet J. 2009 

9 cats with SCC graded T2-T4 were treated over a 5 year period:
two sessions of ECT 1 week apart:
 minimal side effects, limited to mild erythema of the nose
 7 cats = 77.7% had a CR lasting > 3 years

Edi (2.3 y, M)

SCC:
 Number of tumors: 1
 Nose
 staging: T2 

 ECT with bleomycin i/v
 1 session: 21. 7. 2010

 Response: CR > 6 years



95

4th Veterinary workshop on electroporation-based treatments

11

Queeny (14 y, F)

 SCC
 Number of tumors: 1
 Nose
 T3  

 ECT with bleomycin i/v
 1 session: 
 26. 1. 2012

 Response: CR > 2 y
Before therapy

4 weeks after ECT 12 week after ECT8 weeks after ECT

Mauzi (12 y, M)

 SCC
 Number of tumors: 2 
 - nose; staging T1
 - pinna; staging T4

 ECT bleomycin
(nose)/ surgery
(pinna)

 1 session – nose: 15. 
12. 2011

 Response: CR > 5

Katy (14.5 Y; F)

 SCC:
 Number of tumors: 1
 Nose
 T4

 ECT with bleomycin i/v
 2 sessions: 

 20. 10. 2010: CR = 10 w
 30. 12. 2010: PR

 Survival: 9 months (euth)
Before therapy

4 weeks after ECT 1 week after ECT session 22 m after ECT / ECT session 2
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Electrochemotherapy as a single or adjuvant treatment 
to surgery of cutaneous sarcoid tumours in horses
Natasa Tozon, P Kramarič, V Kos Kadunc, G Sersa, M Čemažar

Vet Rec, 2016

Results
 ECT only:

 48/51 (94%) CR and 4/51 (6%) PR
 1 - 3 sessions, only in two cases 4 and in one case 5 sessions / 4 

weeks were needed to obtain the OR
 median observation time: 72.5 months 
 only in one case the recurrence was noted 60 m after treatment. 

 surgery and adjuvant ECT:
 in all 18 tumours (100%) CR
 median observation time: 41 months 
 in one case the recurrence was noted 14 m after treatment. 

Vet Rec, 2016

Fibroblastic sarcoid on the head (patient no. 10) before and 4 weeks after first treatment with ECT
with cisplatin. CR was obtained
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Fibroblastic sarcoid on the ear (patient no. 16) before, 4 weeks after first treatment, 4 
weeks after second treatment and 4 weeks after third treatment with ECT with cisplatin. 
Complete response was obtained

Operating Procedures of Electrochemotherapy in 
veterinary patients

The aim of this document is to define the operating 
procedures (OPs) in order to safely and conveniently treat 
cutaneous and subcutaneous tumors in dogs and cats by 

ECT.

Patient selection:

Meets enroling criteria

General examination
• other concurrent disease

• history of infection
• able to withstand a series of

deep sedation or/and general 
anesthesia

• sesitivity to cisplatin or 
bleomycin

Physical examination 

This part covers the criteria that must be checked during the pre-
inclusion visit for the treatment by ECT of animal patients. 

Tumor evaluation
• FNA – cytology evaluation

• evaluation of number and size
of the nodules
• staging

History
• age, breed, sex

• concurrent diseases
• history of tumor

• previous treatments and its results
• recurrence and speed of recurrence

• owner‘s expectation
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Laboratory analysis

 Tumor histological analysis (histological grade is important prognostic 
factor (e.g. MCT). The biopsy (incisional or “punch”) can be made before 
ECT is performed)

 Hematology (complete hemathology analysis)

 Biochemistry (renal and liver markers: blood urea nitrogen (BUN),
creatinine, alanine-aminotransferase (ALT), alkaline phosphatase (AF),
calcium); in specific cases: total proteins, albumin, phosphors, sodium
(Na), potassium (K), chloride (Cl) and lipase concentration)

Animal healts status
Owner‘s consent

Treatment modality
 Size and number of nodules (each tumor should be treated separately )
 Tumor volume (Vernier caliper, V = ab²/6)
 In dogs use of bleomycin (i.t., i.v.) or CDDP (i.t.)
 In cats ONLY use of bleomycin (i.t., i.v.)

Operating modality (OP) Type of 
electrodes

Number, volume and location of 
tumor nodules A B Plate Needle

1 – 3 nodules < 1 cm³
located anywhere, except head
> 3 nodules, any volume
located anywhere, except head
any number, any volume
located on head

A Deep sedation 
B General anesthesia

Choice of
treatment

Operating modality

• Required personnel (trained ECT operator, anesthetist, assistant)
• Required equipment: 

electric pulse generator
cisplatin/bleomycin prepared in aseptic condtitons
sterile gloves, syringes, needles
sterile gauze pads
skin disinfectant pads
hair shaver
vernier caliper
digital camera
container for diposal of contaminated materials

• Deep sedation and anesthesia (deep-sedation or ansthesia depends on 
choice of treatment)
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Operating modality

Plate electrodeNeedle electrode

1300 V/cm, 
frequency 1 Hz, 

8 pulses

1000 V/cm, 
frequency 1 or 

5000 Hz. 8 pulses

2. Pulsing procedure for 
ECT

(Square wave electric pulse 
generators, pulse duration 

100 s)

1. Injection of cisplatin and bleomycin

Tumor 
volume 1 cm³ > 1 cm³

CDDP 
2mg/ml

1 ml (2 mg)/ cm3

of tumor
0.5-1 ml (1-2 

mg)/cm3 of tumor

BLM
3000 IU/ml

1 ml (3000 IU)/
cm3 of tumor

0.5-1 ml (1500-
3000IU)/cm3 of 

tumor

Follow up

• CR (complete response) 
the tumor nodule is not palpable 

• PR (partial response)
a decrease of more than 50% in 

the products of the largest 
perpendicular diameters of the 

measurable lesions

to evaluate the treatment effectiveness and possible local and systemic 
side effects

Use of the WHO’s guidelines, for the evaluation of the tumor response to 
ECT. Calculation of the tumor volume according to the formula:

V=πxaxb²/6

• NC (no change)
< 50% reduction and up to 25% 

in the increase in the above 
measurements

• PD (progressive disease)
an increase of more than 25%
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Siberian hamster 
(Phodopus sungorus)

Fibrosarcoma

vet med – a lot of only case reports

Conclusions

 ECT with cisplatin or bleomycin had good antitumor
effect in all tumours treated (primary tumours and
metastases)

 It is a safe and simple local treatment of different
histological types of cutaneous and subcutaneous
tumours in cats, dogs and horses.

 Well tolerated in pets and equidae
 Does not affect wound healing
 Provides good cosmetic and functional results
 Favourably associated with surgery
 A treatment alternative for cutaneous tumours in

veterinary medicine
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Further studies:

• chemoth. vs other drugs
• drug application
• possible side effects

Safety : patient / operator:

• margins according to the tumor type
• functional and cosmetic effects
• ECT as neoadjuvant and adjuvant treatment

Efficacy:

• specific animal species
• specific tumor types

Enlargement of clinical studies:

 Institute of Oncology Ljubljana:
 Maja Čemažar and Gregor Serša
 Urša Lampreht Tratar, Katarina Žnidar, 

Tanja Dolinšek, Mira Lavrič & …
 University of Ljubljana, Veterinary faculty:

 Darja Pavlin, Nina Milevoj
 Jožko Račnik – exotic pats
 Vesna Kos Kadunc, Petra Kramarič – horses

 Veronika Kodre
 ARRS (Projects No. P3-0003, J3-7044, P4-0053, P4-0092)
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dr. Jožko Račnik 

 
 His expertise is clinical veterinary work (diagnostic procedures, treatments 
and surgery) on birds, small mammals and reptiles, with special interest in 
clinical and scientific work on diseases and new diagnostic procedures in wild 
living birds and exotic pet surgery and oncology.  
Main activities and responsibilities are: 
• Clinical veterinarian for birds, small mammals and reptiles 
• Assistant professor involved in teaching on under graduate and post 
graduate university level. 
• National, Slovenian specialist for veterinary medicine of birds, small 
mammals and  reptiles  
• European Veterinary Specialist in Zoological Medicine (Wildlife 
Population Health) - dipl. ECZM (Wildlife Population Health)    

 

Electrochemotherapy in exotic pet animals – clinical cases 

Background: Electrochemotherapy (ECT), a new anti-neoplastic treatment of local accessible tumors 
was introduced in veterinary medicine of exotic pets with promising results. Objective: To present 
clinical cases on ECT using cisplatin and/or bleomycin in treatment of non-operable tumors and/or in 
tumors where invasive surgery could result in death of patient, loss of physiological function of body 
part and/or produce non-favourable cosmetic effect of therapy. Clinical cases: ECT was used for the 
treatment of cutaneous fibroma and squamous cell carcinoma of uropygial gland in two cockatiels 
(Nymphicus hollandicus), cutaneous tumors of different histology in ferrets (Mustela putorius furo) 
and squamous cell carcinoma of the skin in a common leopard gecko (Eublepharis macularius). In our 
cases, ECT proved to be safe and suitable treatment option against some accessible tumors in exotic 
pets. However, our study presents the ECT treatment effectiveness on only few cases. For broader 
acceptance of ECT in treatment of tumors in exotic pets more patients of different species and higher 
number of tumors is needed. Conclusion: New therapies like ECT are highly beneficial, combining good 
anti-tumor, functional and cosmetic effects at low cost, while being less invasive than surgery offering 
treatment option for non-operable tumors of different histology in exotic pets. 

 

Relevant literature: 

Racnik J, Svara T, Zadravec M, Gombac M, Cemazar M, Sersa G, Tozon N. Electrochemotherapy with cisplatin for 
the treatment of a non-operable cutaneous fibroma in a cockatiel (Nymphicus hollandicus).N Z Vet J. 2019. 

Racnik, J., Švara, T., Zadravec, M., Gombač, M., Cemazar, M., Serša, G., Tozon, N. Eletrochemotherapy with 
bleomycin of different types of cutaneous tumours in a ferret (Mustela putorius furo).  Radiology and Oncology, 
2018. 

Lanza, A., Pettorali, M., Baldi, A. and Spugnini, E. P. Surgery and electrochemotherapy treatment of incompletely 
excised mammary carcinoma in two male pet rats (Rattus norvegicus). The Journal of Veterinary Medical Science, 
2017.  

Bruner, C. H. M, Dutra, G, Silva, C. B., Silviera, G. M. L. and Martins, M. F. M. Electrochemotherapy for the 
treatment of fibropapilomas in chelonia mydas. Journal of Zoo and Wildlife Medicine, 2014. 
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ECT in Veterinary medicineECT in Veterinary medicine

• Used in rats, ferrets, some reptiles, African hedgehog and 
pet birds.

• In viral induced fibropapillomas in Green sea turtle (Bruner et 

al., 2014), in SCC in Yellow-bellied slider (Lanza et al., 2015 ), in 
mammary carcinoma in male rats (Lanza et al., 2016), in skin 
tumors in ferrets (Racnik et al., 2018), in SCC in African hedgehog 
(Spugnini et al., 2018), in non-operable cutaneous fibroma and 
SCC of uropygial gland in pet Cockatiels (Racnik et al., 2018, 2019).

• According to literature → e�ec�ve and safe local treatment 
of tumors.

ECT in exotic pet medicineECT in exotic pet medicine

ObjectiveObjective

• Excisional surgery is the treatment of choice in cases of 
local accessible tumors.

• However, in some cases surgery is challenging owing to 
the anatomical locations and local invasiveness of 
tumor.

• To further investigate ECT as minimally invasive 
treatment option in some exotic pets.

Case backgroundCase background

• 12 years old spayed female Cockatiel.

• Owner → mass at dorsal tail region.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus
hollandicus). J. Exot. Pet. Med. (29), 217-221.
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Tumor mass involving uropygial glandTumor mass involving uropygial gland

• Starting therapy → amoxicillin/clavulonate and
meloxicam.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus
hollandicus). J. Exot. Pet. Med. (29), 217-221.

9 x 7 mm

Incisional biopsyIncisional biopsy

• Histology → squamous cell carcinoma (SCC).

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus
hollandicus). J. Exot. Pet. Med. (29), 217-221.

Uropygial glandUropygial gland

• Bilobed oil gland located dorsally at the base of the 
pygostyl. 

• Absent in some birds → amazon parrots, some 
Columbiformes, …

• Involved in maintaining feather conditions and 
waterproofing.

• Commonly affected with tumors.
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Uropygial gland tumorsUropygial gland tumors

• Literature info → adenoma, adenocarcinoma, SCC.

• SCC usually locally invasive. 

Some treatment optionsSome treatment options

• Surgery

• Cryotherapy

• Radiation/Strontium 90 plesiotherapy

• Photodynamic therapy

• Intra-lessional chemotherapy

• Electrochemotherapy?

ECT protocolECT protocol

• General anesthesia.

• Intratumoral injection of chemotherapeutic agent.

• Electrical pulses of 100µs duration with amplitude to 
electrode distance ratio 1300 V/cm and frequency of 5 
kHz were delivered. 

• Plate or/and needle electrodes.

• Electric pulse generator Cliniporator (IGEA S.R.L).

3/14/2019

5

ECT #1ECT #1

• General isoflurane anesthesia and 1 mg/kg of cisplatin i/t.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus hollandicus). J. 
Exot. Pet. Med. (29), 217-221.

ECT #1ECT #1

• Conductive gel for good contacts of electrodes.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus
hollandicus). J. Exot. Pet. Med. (29), 217-221.

ECT #1ECT #1

• Electrical pulses using plate electrodes.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus
hollandicus). J. Exot. Pet. Med. (29), 217-221.
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• Electrical pulses using plate electrodes.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
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108

4th Veterinary workshop on electroporation-based treatments
3/14/2019

6

ECT #1ECT #1

• Tumor mass few minutes after ECT.
• Reduced tumor blood flow → vascular lock noted. 

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus
hollandicus). J. Exot. Pet. Med. (29), 217-221.

ECT #1ECT #1

• Tumor mass 2 days after ECT with cisplatin.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus
hollandicus). J. Exot. Pet. Med. (29), 217-221.

ECT #1ECT #1

• Tumor mass 16 days post treatment.
• Status of stable disease achieved.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus

hollandicus). J. Exot. Pet. Med. (29), 217-221.

9 x 6 mm
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9 x 6 mm
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ECT #2ECT #2

• General isoflurane anesthesia and 0,5 mg/kg of bleomycin
i/t.

• Electrical pulses using needle electrodes.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with bleomicin
in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus hollandicus). J. Exot. Pet. 
Med. (29), 217-221.

ECT #2ECT #2

• Partial response � approximately 90 � of the ini�ally 
tumor size 1 month after ECT with bleomycin.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus
hollandicus). J. Exot. Pet. Med. (29), 217-221.

ECT #3ECT #3

• General isoflurane anesthesia and 0,5 mg/kg of bleomycin i/t.
• Electrical pulses using plate electrodes.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with bleomicin in 
the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus hollandicus). J. Exot. Pet. Med. (29), 
217-221.
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ECT #3ECT #3

• Tumor mass 1 day after ECT using bleomicyn.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus hollandicus). J. 
Exot. Pet. Med. (29), 217-221.

ECT #3ECT #3

• Partial response of tumor growth 3 months after ECT #3 
with bleomycin.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus hollandicus). J. 
Exot. Pet. Med. (29), 217-221.

ECT #4ECT #4

• General isoflurane anesthesia and 1 mg/kg i/t of bleomycin.
• Electric pulses using plate and needle electrodes.

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with bleomicin
in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus hollandicus). J. Exot. Pet. 
Med. (29), 217-221.



111

4th Veterinary workshop on electroporation-based treatments
3/14/2019

9

ECT #4ECT #4

• Complete response 1 month after ECT with bleomycin

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with bleomicin
in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus hollandicus). J. Exot. Pet. 
Med. (29), 217-221.

ECT #4ECT #4

• Uropygial gland area  8 months after ECT #4 with 
bleomycin. 

Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., Tozon, N. (2018) Electrochemotherapy with
bleomicin in the treatment of a squamous cell carcinoma of the uropygial gland in a cockatiel (Nymphicus
hollandicus). J. Exot. Pet. Med. (29), 217-221.

OutcomeOutcome

• Four ECT were performed - one ECT using cisplatin and 
three bleomycin.

• Stable disease on ECT with 1 mg/kg i/t of cisplatin.

• PR on ECT with 0,5 mg/kg i/t of bleomycin.

• CR on ECT with 1 mg/kg i/t of bleomycin.

• CR for 18 months.

• Reproduc�ve disease � death 18 months a�er ECT.
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Case background #2Case background #2

• 2 years old chemically castrated male Ferret

• Occasional checks → clinical exam, …

• Generally no health problems.

• Presented with two cutaneous masses simultaneously.

• �oca�ons o� one tumor → sur�ery �ery challen�in�. 

Cutaneous Tumor mass # 1Cutaneous Tumor mass # 1

• Owner → mass on a plantar metatarsal area.

Tumor mass on the plantar metatarsal areaTumor mass on the plantar metatarsal area

8 x 8 mm8x8mm

3/14/2019

11

FNA/impression smearFNA/impression smear

• Cytology → cutaneous mast cell tumor.

ECTECT

• General isoflurane anesthesia and 0,75 mg bleomycin i/t.

ECTECT

• Electrical pulses using plate electrodes.
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Tumor mass 5 days after treatmentTumor mass 5 days after treatment

• Tumor necrosis noted.

Tumor mass 17 days after treatmentTumor mass 17 days after treatment

• Tumor necrosis with local tissue reaction/secondary 
infection suspected.

Tumor mass 1 month after treatmentTumor mass 1 month after treatment

• Tumor necrosis noted.



115

4th Veterinary workshop on electroporation-based treatments
3/14/2019

12

Tumor mass 5 days after treatmentTumor mass 5 days after treatment

• Tumor necrosis noted.

Tumor mass 17 days after treatmentTumor mass 17 days after treatment

• Tumor necrosis with local tissue reaction/secondary 
infection suspected.

Tumor mass 1 month after treatmentTumor mass 1 month after treatment

• Tumor necrosis noted.

3/14/2019

13

Location 3 months after treatmentLocation 3 months after treatment

• Complete response noted.

Outcome

• One ECT was performed.

• Bleomycin was used.

• CR on ECT 0,75 mg i/t of bleomycin.

• CR > 15 months after treatment.

• Side e�ects � pain, and limping few days a�er ECT.

• �ocal so� �ssue reac�on/secondary infec�on � 
antibiotics and NSAID used.

Case background #3Case background #3

• 15 years old female Common leopard gecko

• Generally no health problems.

• Presented with cutaneous tumor.

• �oca�ons and morphology of tumor � surgery more 
challenging. 
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Cutaneous tumor massCutaneous tumor mass

• Owner → mass laterodorsally on the thorax.

Tumor mass laterodorsally on the thoraxTumor mass laterodorsally on the thorax

8 x 8 mm

1,2 x 1,2 cm

Incisional biopsyIncisional biopsy

• Histology → squamous cell carcinoma.
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Squamous cell carcinomaSquamous cell carcinoma

• Common integumentary tumor in reptiles.

• In Madagascar ground boa, Bearded dragon, Yellow 
belied slider, in Common leopard gecko.

• Usually locally invasive and rarely metastasize.

• Complete surgical excision is usually curative.

• ECT in Yellow-bellied slider for cutaneous SCC (Lanza et 

al., 2015).

ECT protocolECT protocol

• General anesthesia.

• Intratumorus injection of chemotherapeutic agent.

• Electrical pulses of 100µs duration with amplitude to 
electrode distance ratio 1300 V/cm and frequency of 5 
kHz were delivered. 

• Needle electrodes.

• Electric pulse generator Cliniporator (IGEA S.R.L).

ECTECT

• General isoflurane anesthesia and 0,5 mg cisplatin i/t.
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ECTECT

• Electrical pulses using needle electrodes.

Tumor mass few minutes after treatmentTumor mass few minutes after treatment

• Reduced tumor blood flow → vascular lock noted.

Tumor mass 4 days after treatmentTumor mass 4 days after treatment

• Tumor necrosis noted.
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Tumor mass 12 days after treatmentTumor mass 12 days after treatment

• Tumor necrosis noted.

Tumor mass 34 days after treatmentTumor mass 34 days after treatment

• Partial response noted.

Tumor mass 34 days after treatmentTumor mass 34 days after treatment

• Partial response noted
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Location 2,5 months after treatmentLocation 2,5 months after treatment

• Complete response noted.

Outcome

• One ECT was performed.

• Cisplatin was used.

• CR on ECT 0,5 mg i/t of cisplatin.

• CR > 15 months.

• Side effects → anorexia, loosing weight, dysecdysis, 
loosing finger tips/claws? 

ConclusionsConclusions

• ECT proved to be safe and effective in our cases. 

• Resulted in good local control of some accessible 
tumors using cisplatin or bleomycin.

• Could represent a treatment option in selected 
oncology cases in birds, ferrets, reptiles.

• Manageable/tolerable side effects observed.

• Further studies are needed.
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Thank you for your attention.



ZA MAČKE

(1) Notoedres cati  (2) Echinococcus multilocularis, Dipylidium caninum, Taenia taeniaeformis, Joyeuxiella pasqualei and Joyeuxiella fuhrmanni  (3) Aelurostrongylus abstrusus and Troglostrongylus brevior. 
*V primeru nevarnosti mešane okužbe z ektoparaziti, nematodi in cestodi.

Z nanosom vsak mesec, nudi Broadline najbolj 
celovito zaščito za mačke.

Bolhe Ličinke bolh Garje(1)Jajčeca bolh Trakulje(2) Pljučni črvi(3) Srčna glistaKlopi Kavljasti črviValjasti črvi

NE 
ZAŠČITITE 
GA LE 
NA POL

**VSA K  M E S E C
ZAŠČITITE PRAVILNO

www.vetpromet.si

SAMO ZA STROKOVNO JAVNOST.
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Numerical modeling for electroporation-based
treatment of canine tumors

Bor Kos
University of Ljubljana, Faculty of Electrical Engineering

Introduction

Imaging Delineation
Forward / 

inverse
planning

Fractionated
Irradiation Follow up

Imaging Segmentation
Numerical

optimization
Treatment Follow up

Radiotherapy

Electroporation based treatments

Electroporation modes

Yarmush ML, Golberg A, Serša G, Kotnik T, Miklavčič D., Annu. Rev. Biomed. Eng., 2014
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Tumor seen in the mandibular canalElectrochemotherapy in oral melanoma

Kulbacka et al (2017) Slov Vet Res 54(4)

Tumor seen in the mandibular canal

Bone
destruction

Positioning of electrodes
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Electric field coverage

Electric field histogram

Irreversible electroporation timeline

2005 R V Davalos, L M Mir, 
B Rubinsky

Tissue ablation with irreversible
electroporation

Annals of Biomedical Engineering

2007 G Onik, P Mikus, B 
Rubinsky

Irreversible electroporation: 
Implications for Prostate Ablation

Technology in Cancer Research and
Treatment

2011 K R Thomson, W 
Cheung, S Ellis et al

Investigation of the Safety of
Irreversible Electroporation in 
Humans

Journal of Vascular and Interventional 
Radiology

2012 R C Martin, K 
McFarland, S Ellis, V 
Velanovich

Irreversible electroporation therapy in 
the management of locally advanced 
pancreatic adenocarcinoma

Journal of the American College of 
Surgeons

2015 J H Rossmeisl, P A 
Garcia, T Pancotto et 
al

Safety and feasibility of the NanoKnife
system for irreversible electroporation 
ablative treatment of canine 
spontaneous intracranial gliomas

Journal of Neurosurgery
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Treatment planning for IRE

• Segmentation in Materialise Mimics
• Electric field calculation in Comsol

Multiphysics
• Goal of optimization was minimal

damage to healthy brain tissue and
maximization of tumor coverage

Patient population

Patient
Tumor 
Type

Tumor 
(cm3)

Electrode 
Number

Pulses per 
Electrode Pair

Total 
Pulses Voltage (V)

Post-IRE 
(months)

Best Clinical 
Outcome

1 AOA 1.15 2 40/80 120 500/625 4 CR

2 GBM 2.85 2 80/80 160 625/500 n/a ND

3 AO 0.98 4 80/80 160 750/1000 3 PR

4 AA 2.17 6 90/90/90 270 900/1000/800 24a CR

5 GBM 4.98 6 50/50/50 150 500/1000/1000 2 PR

6 O 0.55 2 90 90 1000 12 SD

7 A 0.85 4 40/40/40/40 160 800/800/800/800 2 SD

AA = anaplastic (Grade III) astrocytoma; AO = anaplastic (Grade III) oligodendroglioma; 
AOA = anaplastic (Grade III) oligoastrocytoma; GBM = glioblastoma multiforme (Grade IV astrocytoma); 
O = Grade II oligodendroglioma (Grade II); A = astrocytoma (Grade II)

Electric field histogram

A. Zupanic, B. Kos and D. Miklavčič, Phys. Med. Biol., 2012
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Glioma-specific cell death model
� � 1

1 � ��� � � �� �� �
Reference Model Ec0 [V/cm] A0 [V/cm] K1 K2

Peleg (1996) Pseudomonas 
aeruginosa 12200 2500 0.024 0.012

Goldberg et. al (2010) CHO cells 4000 1441 0.03 0.06

Dermol et. al (2015) CHO cells 2734 326 0.025 0.0016

Sharabi et. al (2015) Rat brain 1062 11 0.007 0.002

This study (2017) Canine gliomas 750 15 0.015
0.003

�� � � ��� · ��� ���� � � · ex p ����
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Cell kill probabilityElectric field histogram

15. 03. 2019

6

Time course of response to treatment

Example of local tumor recurrence
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Conclusions

• Numerical modeling allows the treatment of large tumors and sparing
of critical tissues

• Allows comparison of treatments with different number of pulses
• Electric field requirements for brain tumor IRE are lower than 500 

V/cm
• Garcia PA, Kos B et al; Predictive Therapeutic Planning for Irreversible 

Electroporation Treatment of Spontaneous Malignant Glioma, 
Medical Physics, DOI: 10.1002/mp.12401
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Gene electrotransfer with IL-12 –  

how did the preclinical work help us in 
veterinary medicine? 

 

D. Pavlin, M. Čemažar, N. Tozon  
Veterinary faculty Ljubljana, Small animal clinic, Ljubljana, Slovenia 

Institute of oncology, Department of experimental oncology, Ljubljana, 
Slovenia 

 

Gene therapy 

• The first time used: 1990 (ada-SCID) 
• The first clinical study in oncology: 1991 (MM) 
• At the moment: over 2000 clinical studies;              

2/3 in oncology 
 Correction of genetic defects, typical for malignant cells 

(…cancer is not monogenetic disease!) 
- Replacement of inactivated tumor supressor gene 
- Supression of overexpression of oncogenes 

 
Targeted destruction of malignant cells 
- Immunomodulation 
- Antiangiogenesis 

 

Introduction of genes of interest into target cells 

Viral vectors 

Non-viral vectors 

Expression of encoded protein 

Retro- and adenovirus; herpes, 
pox, parvo,… 
↑ highly efficient   
↓ immunogeneicity 
     systemic toxicity 
     insertional mutagenesis,… 

Physical and chemical methods 
↑ non-immunogenic 
     non-toxic 
     repetitive applications 
     easy production 
     less expensive      
↓ less efficient 



133

4th Veterinary workshop on electroporation-based treatments 12.3.2019 

2 

Gene ElectroTransfer 

• GET = delivery of plasmid DNA into target tissue 
using electroporation 
– muscle, tumors, skin, liver, brain tissue, vascular 

endothelium, … 

• GET procedure 
 

Injection of plasmid into the target tissue Application of controlled EP 
(reversible permeabilisation 
of cells) 

Gene expression in target 
cells (local production/ 
systemic secretion of 
encoded protein) 

Intramuscular GET in veterinary medicine 

• Muscle as target tissue in gene therapy: 
– Easily accessible tissue 
– High capacity for protein synthesis – „protein factory“ 
– Efficient transfection 
– Long-term expression of transgene 

 
I.M. GET in dogs: 

• GHRH – dogs with cancer (cahexia, anemia) 
• coagulation factor IX – th of hemophillia 
• IL-12 – antitumor effect in different tumors 
• human chondroitin sulfate proteoglycan-4  in dogs 

with MM 
• vaccination targeting telomerase reverse transcriptase 

in dogs with ML 

Intratumoral GET in veterinary medicine 

• Tumor nodules as target tissue in GET: 
– Local intratumoral expression of encoded product = therapeutic concentration without 

need for systemic application of therapeutic genes/proteins 
– Systemic expression of encoded product 

 
• Intratumoral GET in veterinary medicine: 
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IL-12 GET as single Tx 

© Gregor Tevž, Institute of oncology, Ljubljana 

Growth delay or 
complete 

eradication of 
tumors (i.tu.>i.m.) 

Long-term 
resistance 

Reduction of 
pulmonary 
metastases 

Distant effect 

Prolongation of life in treated animals 

Effects of IL-12: 
• Induction of IFN-γ 

response 
• Amplification of NK 

cell mediated 
cytotoxicity 

• Induction of anti-
angiogenesis 

Pavlin et al, 2009 

- Intratumoral IL-12 GET: over 90% CR 
- 60% of cured mice resistant to 

challenge 
 

- Peritumoral IL-12 GET: 16% CR + GD 
 
- Both Tx: effect on distant untreated 

tumors!  
 

SA-1 Sarcoma 

Daud et al., Journal of Clinical Oncology, 2008 

Human clinical trial in MM: intratumoral IL-12 GET 
 
Effect on treated and untreated lesions, >50% patients exhibiting systemic 
response 
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So what about dogs and IL-12 GET? 

• Intramuscular IL-12 GET 

Patient Tumor Therapy IL-12 IFN-γ Outcome 
German boxer, 7y MCT, GIII Marginal Sx R R CR 

> 3 years 

German boxer, 3y MCT, G II Incomplete 
chemo 

NR R CR 
> 4 years 

Lhasa Apso, 13y MCT, G III 
Meth LN 

Marginal Sx 
Incomplete 
chemo 

NR R PD 
6 months 

Bernese mountain 
dog, 6y 

PHS Incomplete 
chemo 

NR R SD 
8 months 

Doberman, 8y OSA / NR NR SD 
6 months 

Crossbreed, 11y Mammary ACa Partial 
mastectomy 

NR NR PD 
2 months 

So what about dogs and IL-12 GET? 

• Intratumoral therapy 

Pavlin et al., Radiology&Oncology, 2011 

patients:      8 dogs, 5-16 years 
 

tumors: 11 x MCT, GII – GIII 
 

Analysis of antitumor effect: 
- tumor volume  
- patohistology 
- systemic concentrations of IL-12 and IFN-γ 
 

Determination of side effects: 
 

- Clinical and clinopathological examination 
 
 

Results: 
- Statistically significant reduction of treated tumors 

- 9/11 OR , 1/11 NC, 1/11 PD 
- 36% CR 

- Reduction in number of mast cells, clusters of WBC, 
infiltration with lymphocytes and plasma cells 

- No adverse systemic effects 
 

 

So what about dogs and IL-12 GET? 

• Intratumoral therapy 
 9 treated dogs 

• Local effect  
• without growth delay 
• transient intratumoral increase IL-12 and 

IFN-g 
• significant decrease of the relative blood 

volume and blood flow speed in the tumor 
(antiangiogenesis) 

 
• Systemic effect  

• transient serum increase of IL-12 and IFN-g 
• transient decrease of WBC on day 2 
• Transient partial regression of metastases 

in 1 dog 
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ECT advantages and drawbacks 

• Excellent local antitumor 
control 

• Noninvasive alternative to 
other types of therapy 

• Primary tumors and 
metastases of any histiotype 

• Repetitive applications 
• Almost without side effects 

 

• Without any systemic effects 
– non-immunogenic cell death 
– Immunogenic cell death ? 

 

Goal of anticancer therapy ECT IL-12 GET 

Long-term eradication of established tumors 
 

YES 
excellent 

YES 
good 

Generation of systemic immune response and resistance 
to development of new tumors 
 

NO YES 

ECT GET 

ECT 

• Intratumoral application of cisplatin (Cisplatyl; Aventis);                  
~1 mg/cm3 

• 1-2 min later EP (8 x  100 µs, 1300 V/cm, 1 Hz) using Cliniporator™, 
parallel plate electrodes 6 mm 

EGT 

• Intradermal application of plasmid around tumor (pORF-hIL-12, 1-2 
mg/session) 

• EP: 1 x HV (1200 V/cm,100 µs), immediately followed 1 x LV (140 
V/cm, 400 µs)  

Eval. of 
outcome 

• Followup examinations: 2, 7, 14 and 28 days, then monthly until 6 
months and thereafter every 6 months 

• Local response (tumor size) 
• Systemic response (systemic release of cytokines, flow cytometry) 
• Possible side effects (VCOG toxicity scale) 

ECT + IL-12 GET in canine cutaneous 
tumors 
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ECT + IL-12 GET in canine MCTs 
ECT  

(Kodre et al) 
GET  hIL-12 
(Pavlin et al) 

ECT + GET hIL-12 
(Čemažar et al.) 

No of patients 9 dogs 
12 MCTs 

8 dogs 
11 MCTs 

18 dogs 
18 MCTs 

Tx protocol Cisplatin i.tu. pORF-hIL-12 i.tu. Cisplatin i.tu. 
pORF-hIL-12 i.der. 

Volume of  
treated tumors 

0.02 to 30.23 cm3  
median 2.9 cm3 

0.03 to 25.4  
median 0.6 cm3 

0.19 to 47.1 cm3  
median 2.12 cm3 

CR 62.5% 36% 72.3% 

Recurrance rate 1/9 cured tumors 0/4 cured tumors 0/13 cured tumors 

Obser. period 
 

2 – 43 mo 
median 26 mo 

12 mo 4 - 52 mo 
median 40 mo 

Response to therapy correlated with: 
- Size of tumor (100% CR with tumors < 2 cm3) 
- Clinical stage of the disease 

- 3/18 PD cases: clinical stage II or III 
- Histological grade did not affect response  

 

Tu volume 2.2 cm3 
before therapy 

1 week after 
therapy 

2 weeks after 
therapy 

1 month after 
therapy 

 

Tu volume 12.7 cm3 

Before therapy 
1 week after 

therapy 

1 month after 
therapy 

1 year after   
therapy 
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ECT + IL-12 GET in canine oral FSA 

 

Before therapy 1 month 

4 months 7 months 

Another effect of EP 
• „Vascular lock“ = vascular disrupting actions 

– affects all tissues exposed to EP 
– difference between normal and tumor tissue (duration) 
 

• How? 
1. Phase: Vasoconstriction (immediately after EP → 10 min) 
2. Phase:  Disruption of cellular cytoskeleton (30 min after Ep → 1-2 h) 
3. Phase: cytotoxic effect of ECT on endothelium (2-3 hrs after EP → 24 h) 

 
• Positive effect on therapy 

– Stops bleeding 
– Traps drugs intratumorally → prolonged, better effect 
– Prevents histamin release (degranulation in MCTs) 

Markelc et al, 2013 
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Side effects of the procedure 
• clinical examination and selected bloodwork revealed no significant side 

effects 
• no observed side effects related to histamine release from MCT granules 

caused by a mechanical manipulation of tumors during therapy 

Superficial scab formation at the site of the 
procedure due to necrosis of tumor 

Scab disappeared after approx. 4 weeks, leaving 
moderate scar tissue, yielding in overall very good 
cosmetic effect  

 



140

4th Veterinary workshop on electroporation-based treatments 12.3.2019 

9 

Environmental safety of IL-12 GET 

• Antibiotic resistance genes = selection 
markers for recombinant plasmid production 
in host bacteria 

• Worst case scenario: 

• Gene therapy with plasmid, encoding antibiotic 
resisntace gene (e.g. ampicillin) 

• Horizontal transfer of plasmid into bacteria, naturally 
present in the recipient of GT 

• Dissemination of modified bacteria into environment 
through respiratory, digestive, urinary.. tract 

Possible hypersensitivity 
reaction in patients allergic to 

β-lactam antibiotics 

What really happens with plasmid after GET and 
is worst case scenario really possible? 

• Naked DNA in extracellular matrix is rapidly degraded within 
30 mins (Law, 1995) 

• The bulk of plasmid at the site of injection disappeares within 
2-7 days after injection (Čemažar, 2016) 

– In vitro transfection of IL-12 plasmid into bacteria cultured from 
treated dogs was not possible 

– E. coli the only exception (but only when made competent by in vitro 
methods) 

Recommendations for all patients receiving GET: 
• Protective measures to reduce risk of dissemination in the 

first two weeks after therapy 
• Personal protective equipment for owners dealing with 

site of therapy (e.g. changing bandages) 
• Comply with legislation regulating use of GMO 

Conclusions 
• (ECT +) IL-12 GET in canine MCTs is highly effective and safe 

antitumor treatment.  
– The effect depends on size of tumor and clinical stage, regardless of 

histological grading 
• It ensures excellent local tumor control with the long term 

systemic release of encoded IL-12, triggering IFN-γ 
production, possibly extending local antitumor effect to the 
systemic level. 

• Appropriate protective measures should be instituted. 
 

ECT + IL-12 GET can be recommended for  either treatment of small 
MCTs or neoadjuvantly as a cytoreductive therapy prior to surgery, 

especially in areas, where good surgical control can be achieved with 
invasive or majorly disfiguring procedures or if other treatment 

modalities (e.g. radiotherapy) are not feasible.   
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Treating mast cell tumor in dogs by
electrochemotherapy and gene 

electrotransfer

Ursa Lampreht Tratar
4th Veterinary workshop on electroporation-

based treatments
Ljubljana, 2-3 April 2019

Mast cell tumor

• Skin tumor are the most common neoplasia in dogs
- 30% of all tumors

• The most common skin tumor is mast cell tumor or 
mastocytoma which accounts for 20%

• Standard procedure is surgical excision
• Prognosis of complete surgical excision (15% for

high grade, and 80% for low grade)

Injection of
plasmid DNA

pCMVcaIL-12

1 mg of plasmid DNA peritumorally
on each side of the tumor

Injection of
cisplatin and bleomycin

Tumor 
volume

1 cm³ > 1 cm³

CDDP 
1 mg/ml

1 ml (1 mg)/
cm3 of tumor

0.5-1 ml (0.5 -
1 mg) / cm3 of 

tumor
BLM

3000 
IU/ml

1 ml (3000 
IU) / cm3 of 

tumor

0.5-1 ml 
(1500-3000IU) 
/ cm3 of tumor

Pulsing procedure for ECT
1300 V/cm 8 pulses

pulse duration 100 μsec
Frequency 5000 Hz

Plate electrodes

Clinical study: The combination of surgery or electrochemotherapy
and gene electrotransfer of naked plasmid DNA encoding canine interleukin
12 for the treatment of oral and skin tumors in dogs

Pulsing procedure for GET: 
Plate electrodes: 1HV 600 V/cm pulse duration 100 μsec

4 LV 200 V/cm pulse duration 100 msec
600 ms pause (HV-LV)
Frequency 1 or 5000 Hz

MEA electrodes: 170 V/cm (60 V), 150 ms, 12 pulses, 5000 Hz

Kos et al, Mol Ther Nuc Acids 2016; 5: e356. Bioelectrochemistry 2017
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Ursa Lampreht Tratar
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based treatments
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Patients

• 45 dogs
• 34 female, 11 male
• 9 with previous treatment (surgery – incomplete

margins)
• Patohistological grade (37; I 4; II 29; III 4)
• Clinical stage (I 29; II 4; III 9; IV 2)
• Tumor size (0.04 cm3 – 41.2 cm3; avg 2.1 cm3; 

median 0.35 cm3)
• Number of treatment (1 – 10; avg 2.1)

Unpublished data

Saftey

• Plasmid DNA
1. Stool
2. Urine
3. Blood serum
4. Skin Swabs

Biochemistry and complete
blood count
Glukoza
Sečnina
Kreatinin
K
Ca
Alkalna fosfataza

No influence of the treatment

No plasmid DNA in the samples of stool, urine and blood serum
Skin swabs were positive for plasmid DNA (100 ng/mL) directly after the treatment, 

one week later 0.5 ng/mL

ALT
AST
Kreatin kinaza
Skupne beljakovine
Albumini
Pankreasna lipaza

Detecting immune response
Full blood PBMC isolation

Flow cytometry

Overall response
Summary of the response (after 1 
month)

CR 26/45 58 %
PR 17/45 36 %
SD 0/38 0 %
PD 3/45 6 %

Response at the end of observation
period – median 15 months (2 - 51)
CR 40/45 89 %
PR 1/45 2 %
SD 0/38 0 %
PD 4/45 9 %

Progressive disease (4 cases)
PH grade Clinical 

stage
Tumor
size
(cm3)

Previous
treatments

Number of
treatments

Size at 
euthanasia (cm3)

Survival
time 
(months)

NA 1 22.4 no 1 4.6 (bloody
discharge, 
difficult
breathing)

7

NA 1 1.15 no 2 20 5

II 3 1.31 Incomplete
resection

1 Multiple new
tumors

2

III 4 14.6
0.52

Incomplete
resection

1 21.2
10

2

Unpublished data
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Hana

• Jagdterrier
• Female
• 12 years old
• No involvment of regional

lymph nodes and no 
confirmed metastasis by
ultrasound or X-ray

• Patohistologically confirmed: 
Mastocytoma cutis gradus II

• Clinical stage III

Unpublished data

• Presented with two lesions

1. Left hip
2. Sternum

1. 2.

Left hip (ECT+EGT): 
263 mm3

Sternum (distant untreated tumor): 
263 mm3

1.

2.

VentralDorsal Left

Unpublished data

1st Treatment (16.11.2015)

• ECT + GET
• Treatment of one lesion (left hip)
• Cisplatin intratumorally
• pCMVcaIL-12 

plasmid
intradermally in 
peritumoral region

Unpublished data
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Left hip (ECT+EGT): 
263 mm3

Sternum (distant untreated tumor): 
263 mm3

Tumor reduced in size: 
from 263mm3 to 39mm3Complete response

4 weeks after
therapy

4 weeks after
therapy

Follow up: 4 weeks after first therapy

Unpublished data

• 3 months after first treatment one 
new lesion

• FNAB showed positive for mast 
cell tumor

• GET lesion 2, ECT + GET lesion
3

• Treatment of two lesions (sternum
and above right knee)

• Cisplatin intratumorally

2. Sternum:  98 mm3

2nd Treatment (18.2.2016)

Ventral Left Dorsal
2.

3.

3. Above right knee: 183 mm3

Unpublished data

4 weeks
after therapy

4 weeks
after therapy

3. Above right knee: 183 mm32. Sternum: 98 mm3

Complete response Complete response

Follow up: 4 weeks after second
therapy (4 months after first therapy)

Unpublished data
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5 months after first treatment
(12.4.2016)
Sternum Right kneeLeft hip

Complete
response of
all three
lesions

3.5 years after 1st treatment

So far 18 mast cell tumors (11 treatments)
The majority of new tumors responds after one 

treatment
Quick discovery – small tumors
 Importance of predicitve factors

Ventral Left Dorsal
2.

3.1.

4.

5.6. 7.
8.

9.
10.

11.

Unpublished data

Comparison of treatment results: 
mastocytoma

Group n Reponse %CR Median
Volume 
(cm3)

Median time of 
observation 
(months)

CR NC PD
Surgery 16 8 8 50 5.0 18
ECT 16 10 2 4 62 3.0 26
GET hIL-
12

8 0 6 2 0 0.6 10

ECT+GET
hIL12

18 13 3 2 72 2.5 40

ECT+GET 
caIL-12

45 40 1 4 89 4.8 18

Kodre et al 2009 and Cemazar et al 2016, unpublished data

3/15/2019
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Survival of client-owned dogs with 
mastocytoma: comparison od different 
treatment modalities

Immune response

• Immunoediting

Kalbasi (2013) J Clin Invest

 Key players in tumor 
immune escape

 ↓ proliferation of
effector T 
lymphocyte

 ↑ IL-10 and TGFbeta
 Promote tumor 

angiogenesis
 Bad prognosis

Mills (2004), Nature Reviews Immunology

Regulatory T cells
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Flow cytometry

Antibody panel
CD 45 
(leucocyte)

CD 3 
(lymphocyte
T)

CD 4 (helper
T 
lymphocyte)

CD 8 
(cytotoxic T 
lymphocyte)

CD 25 (T 
regulatory T 
lymphocyte)

Foxp3 (T 
regulatory T 
lymphocyte)

*

*; p < 0.05

Immunohistochemistry

Tissue samples:
 Collected before treatment and at 1-3 

months after treatment
 Fixed in 10% buffered formalin
 Embaded in parrafin
 Stained with hematoxilin – eosin for

general vision
 Stained with Masson trichrome Goldner –

connective tissue visualisation
Salvadori et al., R&O, 2017

Immunohistochemistry

Antibody panel for immunohistochemistry staining
CD 3 
(T
lymphocytes)

CD 20 
(B lymphocytes)

Foxp3 
(T regulatory
lymphocytes)

CD68 
(macrophages)

Ki-67 
(proliferating
cells)

Bcl-2 
(anti-apoptotic
protein)

Von 
Willebrand
Factor
(endothelial cells)

CD31 
(endothelial cells)

Salvadori et al., R&O, 2017

3/15/2019
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 1 month after
treatment

Neoplastic tissue was
replaced by fibrotic
connective tissue
infiltrated by small
lymphocytes

 3 months after
treatment

Presence of neoplastic
cells in 2/11 cases
CD3 positive lymphocytes
were reduced within the
connective tissue

Salvadori et al., R&O, 2017

Proliferation and angiogenesis

 Already at 4 weeks after treatment
a marked reduction of neoplastic
cells, which was more evident four
weeks later

 This was associated with a reduced
proliferation activity of remnant
neoplastic mast cells

 In dogs with partial response the
reduction of neoplastic cells was
lower, at four weeks after
treatment this reduction was
absent in dogs with stable disease

 Microvessel density was
statistically reduced one and three
months after treatmentSalvadori et al., R&O, 2017

 The presence of B cells in
examined subjects was not affected
by IL-12 gene electrotransfer

 Macrophages increased 8 weeks
after treatment, but was not realted
with the response to the therapy

 At 4 weeks post-treatment an
increase of Z lymphocytes in cellular
infiltrates was demonstrated, higher
in subjects with a complete
response

 The T lymphocyte increase detected
after four weeks post treatment was
not evident 4 weeks later

Immune cells

Salvadori et al., R&O, 2017
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Conclusion

• Systemicaly able to decrease the amount of
regulatory T cells that are connected to bad
prognosis

• IHC of tissues showed:
• Reduced number of neoplastic cells
• Reduced proliferation rate of neoplastic cells
• Aantivascular response
• Enhanced immune response

Looking forward

• Improvement of clinical study:
a) safer plasmid (without gene for AB resistance)
b) optimization (predict the reponders, frequency, 
number of treatments) 

BIOMARKERS, PREDICTIVE FACTORS

Biomarkers and predictive factors

Kalbasi (2013) J Clin Invest
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HOW TO TALK WITH OWNERS ABOUT 
ECT and GET

N Tozon

Veterinary Faculty, Small Animal Clinic, Ljubljana
Slovenia

4th Veterinary Workshop on 
Electroporation-Based Treatments

2 – 3 April 2019

ECT
When to suggest:
 Relatively small tumor nodul/es
 Alternative to surgery:
 Single th - specific locations (e.g. legs, 

head,…)
 Adjuvant to surgery – larger tumors to 

treat margins, including tumor bed
 Neoadjuvant – cytoreductive (less frequent 

option)

Why to suggest:
 Safe:
 min /no local side effects are expected

 Effective:
 Tumor volume: < 3 cm3 better OR
 Tumor type: different response is 

possible (resistance to the selected drug, 
individual immune response)
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HOW TO TALK WITH OWNERS ABOUT 
ECT and GET

N Tozon

Veterinary Faculty, Small Animal Clinic, Ljubljana
Slovenia

4th Veterinary Workshop on 
Electroporation-Based Treatments

2 – 3 April 2019

ECT
When to suggest:
 Relatively small tumor nodul/es
 Alternative to surgery:
 Single th - specific locations (e.g. legs, 

head,…)
 Adjuvant to surgery – larger tumors to 

treat margins, including tumor bed
 Neoadjuvant – cytoreductive (less frequent 

option)

Why to suggest:
 Safe:
 min /no local side effects are expected

 Effective:
 Tumor volume: < 3 cm3 better OR
 Tumor type: different response is 

possible (resistance to the selected drug, 
individual immune response)

2

check the understanding:
 local treatment
 show picture (1-2-4-…weeks after th)
 be clear about expected results (after 4 

weeks of each session) and possible 
more treatment sessions

GET
When to suggest:
 Adjuvant to ECT:
 increase treatment response
 systemic immune effect:
 to prevent local recurrence
 To treat the metastatic disease / distant 

primary tumors
 To prevent metastasis

check the understanding:
 local + sytemic treatment
 show picture (1-2-4-…weeks after th)
 be clear about expected results and  

more treatment sessions – booster doses 
are needed
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Natančno & Prilagodljivo 
odmerjanje

SmartTab z enostavno dvojno 
deljivostjo omogoča natančno in 

prilagodljivo odmerjanje, za pomoč 
pri izogibanju razvoju odpornosti na 
antibiotike povezane s premajhnim 

odmerjanjem.

Inovativna SmartTab®

tehnologija
Dechrina nova paleta antibiotikov ima 

inovativno SmartTab tehnologijo za 
spodbujanje učinkovite in preudarne 

rabe antibiotikov.

Aromatizirane 
Naravna aroma mesa v SmartTab tabletah 

spodbuja paciente, da bolje sprejmejo 
tablete in tako pomaga, da se zdravljenje 

zaključi v celoti.

Različne jakosti odmerkov
SmartTab tablete nudijo razpon 

različnih jakosti odmerkov za pse 
in mačke, kar omogoča zdravljenje 

pacientov vseh velikosti.

Hitro & Enostavno 
odmerjanje

Pretisni omoti SmartTab omogočajo 
hitro in enostavno delitev, 

ter zmanjšujejo nepotrebno 
izpostavljenost v praksi.

Doxybactin 400 mg tablete za pse  / Doxybactin 200 mg tablete za pse / Doxybactin 50 mg tablete za pse in mačke. 1 tableta vse-

buje: učinkovina: 400 mg / 200 mg / 50 mg doksiciklina v obliki doksiciklinijevega hiklata. Spodnji podatki veljajo za Doxybactin 50 mg 

tablete, pred uporabo posamezne jakosti preberite navodilo za uporabo. Indikacije: zdravljenje naslednjih bolezni, ki jih povzročajo 

bakterije, občutljive na doksiciklin: Psi: rinitis, ki ga povzročata Bordetella bronchiseptica in Pasteurella spp.;  bronhopnevmonija, ki jo 

povzročata Bordetella spp. in Pasteurella spp.; intersticijski nefritis, ki ga povzroča Leptospira spp.  Mačke: okužbe dihal, ki jih povzročajo  

Bordetella bronchiseptica, Chlamydophila felis in Pasteurella spp. Odmerjanje: peroralna uporaba. Priporočeni odmerek za pse in mačke 

je 10 mg doksiciklina na kg telesne mase na dan. Pričakuje se, da se bo odgovor na zdravljenje pri večini običajnih primerov pojavil med 

5 in 7 dnem. Zdravljenje je treba nadaljevati še 2 do 3 dni po kliničnem ozdravljenju akutnih okužb. Pri kroničnih ali neodzivnih primerih 

bo morda potrebno daljše zdravljenje, do 14 dni. Pri psih z intersticijskim nefritisom zaradi leptospiroze se priporoča 14 dnevno zdravlje-

nje. Pri mačkah z okužbo z bakterijo C. felis se priporoča vsaj 28 dnevno dajanje zdravila, da se zagotovi izkoreninjenje organizma. Za 

zagotovitev pravilnega odmerka je treba čim bolj natančno določiti telesno maso, da ne pride do premajhnega odmerjanja. Tablete je 

treba dajati skupaj s hrano. Tablete je možno razdeliti na 2 ali 4 enake dele, da se zagotovi pravilno odmerjanje. Kontraindikacije: ne 

uporabite v primeru preobčutljivosti na tetracikline ali katero koli pomožno snov. Posebni previdnostni ukrepi za uporabo pri živalih: 
živalim z disfagijo ali boleznimi, ki jih spremlja bruhanje, je treba zdravilo dajati previdno, saj je bilo dajanje tablet doksiciklinijevega 

hiklata povezano z erozijo požiralnika. Z namenom zmanjšanja verjetnosti draženja požiralnika in drugih neželenih učinkov na prebavila se 

zdravilo daje skupaj s hrano. Pri dajanju zdravila živalim z boleznijo jeter je potrebna previdnost, saj so pri nekaterih živalih dokumentirali 

zvečanje jetrnih encimov po zdravljenju z doksiciklinom. Mladim živalim je treba zdravilo dajati previdno, saj lahko tetraciklini kot razred 

zdravil trajno obarvajo zobe, če se dajejo med razvojem zob. Vendar pa literatura pri ljudeh kaže, da je za doksiciklin zaradi zmanjšane 

sposobnosti kelacije kalcija manj verjetno, da bi povzročil te nenormalnosti, kot drugi tetraciklini. Zaradi možne variabilnosti (časovne, 

v zemljepisnem smislu) v pojavnosti bakterij, odpornih na  doksiciklin, se priporoča bakteriološko vzorčenje in testiranje odpornosti. Pri 

uporabi zdravila je treba upoštevati uradno, nacionalno in regionalno antimikrobno politiko. Uporaba zdravil, odstopajoča od navodil v 

povzetku glavnih značilnosti zdravila, lahko poveča razširjenost bakterij, odpornih na doksiciklin, in zmanjša učinkovitost zdravljenja z 

drugimi tetraciklini zaradi možne navzkrižne odpornosti. Posebni previdnostni ukrepi, ki jih mora izvajati oseba, ki živalim daje zdravilo: 
tetraciklini lahko povzročijo preobčutljivostne (alergijske) reakcije. Osebe z znano preobčutljivostjo na tetracikline naj se izogibajo stiku z 

zdravilom. Po uporabi si umijte roke. Če se po izpostavljenosti razvijejo simptomi, kot je kožni izpuščaj, se takoj posvetujte z zdravnikom 

in mu pokažite navodila za uporabo ali ovojnino. Doksiciklin lahko po nenamernem zaužitju povzroči prebavne motnje, zlasti pri otrocih. 

Da se prepreči nenamerno zaužitje, zlasti pri otroku, je treba neuporabljene dele tablet vrniti v odprt pretisni omot in tega vstaviti nazaj v 

škatlo. V primeru nenamernega zaužitja, zlasti pri otrocih, se takoj posvetujte z zdravnikom. Neželeni učinki: kot neželene učinke zdravlje-

nja z doksiciklinom so poročali o prebavnih motnjah, kot so bruhanje, driska in ezofagitis. Pri zelo mladih živalih se lahko pojavi obarvanje 

zob zaradi nastajanja kompleksa tetraciklin-kalcijev fosfat. Pri izpostavljenosti močni dnevni svetlobi se lahko pojavijo preobčutljivostne 

reakcije, fotosenzitivnostne reakcije in v izjemnih primerih fotodermatitis. Znano je, da  drugi tetraciklini zavirajo rast kosti mladih živali 

(reverzibilno po prekinitvi zdravljenja), zato se lahko to pojavi tudi pri dajanju doksiciklina. Uporaba v obdobju brejosti in laktacije: var-

nost zdravila v obdobju brejosti in laktacije ni bila ugotovljena. Tetraciklini kot razred lahko zavirajo razvoj okostja pri zarodku (povsem 

reverzibilno) in povzročijo obarvanje mlečnih zob. Vendar pa dokazi iz literature pri ljudeh nakazujejo, da je za doksiciklin manj verjetno, 

da bi povzročil te nenormalnosti kot drugi tetraciklini. Uporabite le v skladu z oceno razmerja korist/tveganje odgovornega veterinarja. 

Medsebojno delovanje z drugimi zdravili in druge oblike interakcij: ne dajajte sočasno z baktericidnimi antibiotiki, kot so penicilini in ce-

falosporini. Oralnih absorbentov in snovi, ki vsebujejo večvalentne katione, kot so antacidi in železove soli, ni dovoljeno uporabljati 3 ure 

pred dajanjem in 3 ure po dajanju doksiciklina. Razpolovna doba doksiciklina se zmanjša pri sočasnem dajanju antiepileptičnih zdravil, 

kot sta fenobarbital in fenitoin. Pred uporabo preberite navodilo za uporabo. Za vse nadaljnje informacije o tem zdravilu se obrnite 

na krajevno predstavništvo imetnika dovoljenja za promet z zdravilom: GENERA SI d.o.o., Ljubljana. Imetnik dovoljenja za promet: 

Le Vet Beheer B.V. Wilgenweg 7, 3421 TV Oudewater Nizozemska. Datum priprave informacije: marec 2019. Način izdaje zdravila: na 

veterinarski recept. SAMO ZA STROKOVNO JAVNOST.
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SOFT TISSUE SARCOMA IN DOGS: 
A NOVEL APPROACH USING 
ELECTROCHEMOTHERAPY

Torrigiani F.1, Pierini A. 1, Lowe R. 2, Simcic P. 1, Lubas G. 1

1 Dept. Veterinary Sciences, Università di Pisa, Italy

2 Ashleigh Veterinary Clinic Limited, Knaresborough, UK 

SOFT TISSUE SARCOMA (STS) IN DOGS

 Mesenchymal tumours, 9 – 15% of cutaneous and subcutaneous tumours

 Up to 60% limbs

 Classification:
 FSA

 PNST (non-plexus derived)

 LSA

 Myxo

 Malignant mesenchimoma

 Undifferentiated sarcoma

 PWT

 Locally invasive, low mets

 Chemo- and radio-resistant

 Tumour grade and histological margins prognostic factor for local tumour recurrence

TREATMENT

 Wide margins surgery

 Adjuvant therapies

 Radiation therapy

 Metronomic chemotherapy

 Local chemotherapy (cisplatin-based)
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STS TREATMENT REVIEW

Treatment Cases Recurrenc
e rate

Disease Free 
interval (days) Reference

Marginal surgery 35 10.8% Median not reached Stefanello et al. 2008

Surgery 139 0 – 23% - McSporran 2009

Marginal or radical surgery 104 27.9% - Chase et al. 2009

Radical surgery + second intention healing 31 3.2% - Prpich et al. 2014

Re-excision after incomplete surgery 41 15% 142 Bacon et al. 2007

Marginal surgery + intralesional cisplatin (beads) 62 29% Median not reached Bergman et al. 2016

Marginal surgery + intralesional cisplatin 
(implants) 19 16.6% - Havlicek et al. 2009

Marginal surgery + radiotherapy 56 18% - Demetriou et al. 2012

Hypofractinated RT on microscopic disease 48 - PFS 698 Kung et al. 2016

Orthovoltage RT + low dose doxorubicin on 
microscopic disease 39 18% 213 Simon et al. 2007

Marginal surgery + metronomic therapy 85 100%* 411 Elmslie et al. 2008

ELECTROCHEMOTHERAPY IN CANINE SARCOMAS

• 22 dogs with incompletely excised high grade sarcomas

• Two ECT sessions

• Intra-tumoural bleomycin

• ECT: biphasic pulses, 1300 V, 1 Hz

• ORR 95%

• Recurrence 8/22, median time to recurrence 730 days

• Histotypes included: FSA, hemangiopericytoma, HSA, leiomyosarcoma, LSA, malignant fibrous

histocytoma, neurofibrosarcoma

ELECTROCHEMOTHERAPY IN CANINE SARCOMAS/2

• Eleven-years old Belgian malinoi

• Recurring sarcoma on the elbow

• 1st treatment hyaluronidase + ECT with intra-tumoural

bleomycin

• 2nd treatment marginal surgery + intraoperative ECT 

with intra-tumoural bleomycin (dirty margins)

• Follow-up 24 months → no local recurrence, no mets
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AIM OF THE STUDY

Evaluate the efficacy & safety of ECT with IV bleomycin in 
canine STS

METHODS – RECRUITMENT AND STAGING

 Retrospective study: dogs with STS (2004 – 2016)

 Histological diagnosis in all cases (biopsy or surgical sample)

 Patient staging:

 Physical examination

 CBC, SB, UA (general anaesthesia)

 FNA of reginal lymph node

 3-view thoracic x-rays

METHODS – ECT PROCEDURE

 2 pulse generators

 Cytopulse PA4000

 Cytopulse Oncovet

 Bleomycin IV at 15000 IU/m2

 Electroporation

 Trains of 8 monophasic pulses, 100 µs each

 Pulse frequency 1 or 5000 Hz

 Amplitude to electric distance ratio 1000 or 1200 V/cm

 Type II needle electrodes 1 – 1.5 cm length

8 minutes
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METHODS – GROUPING

• ECT on macroscopic disease
• Tumour plus a 1–2 cm margin in all planes

I. ECT alone

• Debulking surgery
• ECT before closure

II. ECT intraoperative

• ECT after incomplete surgery
• At least 1.5 cm from the healed surgical scar site in all planes

III. ECT adjuvant

METHODS – FOLLOW-UP

 Patients assessment 

 Every 3–10 days for the initial 4 weeks after ECT, then monthly for three 

months 

 Monitored until 2 years by physical examination or by telephone contact 

with the owner

METHODS – TOXICITY ASSESSMENT

6-piont subjective scale to assess local side effects
Point 0 – 2 → MILD TOXICITY
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METHODS – TOXICITY ASSESSMENT/2

6-piont subjective scale to assess local side effects
Point 3 – 5 → SEVERE TOXICITY

METHODS – RESPONSE EVALUATION

 ECT alone→VCOG response evaluation criteria

 Complete response (CR)

 Partial response (PR)

 Stable disease (SD)

 Progressive disease (PD)

 Disease free interval (DFI) from ECT to local tumour recurrence

Statistics Chi-squared test or Fisher’s exact test, Mann-Whitney test or t-test

RESULTS - ANIMALS

 52 dogs with 54 STSs

 22 females - 30 males

 Purebred 38/52 (73.1%)
 Labrador retrievers (8) and Staffordshire bull terriers (5)

 Age ranged from 4 to 15 years (median 9.1)
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RESULTS – TUMOUR LOCATION & SIZE

 Tumour location

 Limbs (42/54, 77.8%)

 Trunk (7/54, 13.0%)

 Head (5/54, 9.2%)

 Tumour size ranged from 0.4 to 17 cm (median 4.3 cm)

 Median size of STSs affecting the limbs 4.5 cm

 No lymph node nor distant mets at presentation → 43 stage 1, I stage 2 (not feasible in 10 cases)

RESULTS – TUMOUR GRADING & MARGINS

 Tumour grading available in 44 cases (44/50, 88% of surgery + ECT dogs) 
 Grade I (21/44, 47.7%)

 Grade II (22/44, 50.0%)

 Grade III (1/44, 2.3%)

 Histological evaluation of margins available in 37 cases (37/50, 74% of surgery + ECT dogs) 
 Incomplete margins (35/37, 94.5%)

 Complete margins (2/37, 5.5%)

RESULTS – ECT TREATMENT AND RESPONSE

 2 pulse generators
 Cytopulse PA4000 9/54 STSs (16.7%)

 Cytopulse Oncovet 45/54 STSs (83.3%)

 1st ECT treatment

 4 alone

 26 intraoperative

 24 adjuvant

 2nd ECT treatment in 5 cases, 3rd ECT in 3 cases

 Median follow-up 498 days (range 8–2483 days)

 Response in ECT alone group → 2 CR, 1 PR, 1 SD (overall response rate 75%) 
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RESULTS - OUTCOME

 At the end of the observation period

 21 dead → 6 recurrences (reason for euthanasia in 1 case)

 29 alive → 8 recurrences (amputation as rescue treatment in 3 cases)

 Overall recurrence rate - ORR (group II and III) 24% (12/50)

 No association with

 tumour grade

 anatomical site

 tumour size

 ECT parameters (pulse frequency and pulse voltage)

RESULTS - DFI

 Median DFI for all dogs not reached → good long term control

 DFI for dogs with tumour recurrence was 81.5 days (range 15-1025)

 Median DFI 2nd and the 3rd ECT treatment 348 days (range 24 –2442) and 

101 days (range 73 –129) respectively

RESULTS – LOCAL TOXICITY

 Local toxicity mild in 66,7% of cases (36/54, toxicity score ≤2) → ECT treatment well tolerated

Lowe et al. 2016 mild toxicity in 53% of cases

 Local toxicity associated with higher amplitude to electric distance ratio (1000 vs 1200 
V/cm)
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CONCLUSIONS

 ECT with bleomycin + surgery treatment option for canine STS especially for limb 

sparing

 ECT alone could be considered for smaller STSs

 Multiple ECT treatments can potentially obtain even better results
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Kombinirano cepivo proti CPV, CDV, CAV-2,
CPiV in štirim serovarom leptospir ter steklini
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Electrochemotherapy, IL-12 gene 
electrotransfer and cytoreductive surgery in 
the treatment of canine oral malignant 
melanoma

Nina Milevoj1, Urša Lampreht Tratar2, Ana Nemec1, Katarina Žnidar3, Gregor Serša2, Maja 
Čemažar2,3, Nataša Tozon1

1University of Ljubljana, Veterinary Faculty, Small Animal Clinic, Ljubljana, Slovenia
2Institute of Oncology Ljubljana, Ljubljana, Slovenia
3University of Primorska, Faculty of Health Sciences, Isola, Slovenia

Oral malignant melanoma
 most common malignancy of the oral cavity in older dogs 

 malignant biological behaviour
 high rate of invasion into surrounding bone 

 metastasis to regional lymph nodes  and lungs 

 prognostic factors: stage, lymphatic invasion, tumor recurrence, mitotic 
index, nuclear atypia, degree of pigmentation, Ki67 index, COX-2
expression, PDGFR α/β co-expression

Clinical
stage

I < 2 cm diameter, negative lymph
nodes

II 2 – 4 cm diameter, negative lymph
nodes

III > 4 cm diameter or
any size with positive lymph nodes

IV any size with distant metastatic
disease

Amelanotic oral melanoma (left) with high Ki-67 expression(right)(Smedley et al., 2011) WHO staging for oral tumors in dogs (Owen et al., 1980)

 ECT +/- IL-12 GET: 
 Reed et al., 2010: bleomycin i/tum, fIL-12 i/tum: PR

 Cutrera et al., 2015: hIL-12 i/tum: SD

Aim: to evaluate the safety and efficacy of 
the combination of ECT and IL-12 GET in 

achieving local tumor control and 
stimulation of antitumor immune response in 

dogs with OMM.

Oral malignant melanoma
 SURGERY 
 RADIOTHERAPY
 CHEMOTHERAPY 
 IMMUNOTHERAPY

MATERIALS and METHODS

 10 dogs, clinical stage I-III

 Group I: 5 dogs with primary OMM (3,14 – 40,09 cm3)
 Group II: 5 dogs with recurrent/incompletely excised

OMM (0 – 14,13 cm3)

Patient no. 8 (stage II), before treatmentPatient no. 6 (stage I), before treatment

Treatment protocol

CYTOREDUCTIVE 
SURGERY

•when necessary

Patient no. 5 (stage III), Th1 (cytoreductive surgery)

CYTOREDUCTIVE 
SURGERY

•when necessary

ECT

•Bleomycin i/v (0,3mg/kg bw, 3mg/ml)
•Pulse delivery 10 minutes after injection (plate 

electrodes)

(CliniporatorTM, Igea)

(Igea, 2018)

1300 V/cm, 8 pulses
Pulse duration 100μs
Frequency 5000Hz

Treatment protocol



167

4th Veterinary workshop on electroporation-based treatments
12. 02. 2019

2

CYTOREDUCTIVE 
SURGERY

•when necessary

ECT

•Bleomycin i/v (0,3mg/kg bw, 3mg/ml)
•Pulse delivery 10 minutes after injection (plate 

electrodes)

GET

•Plasmid encoding canine IL-12 (submucosally on two
sides close to the tumor, 2mg/patient)

•Pulse delivery immediately after injection (MEA 
electrodes)

Treatment protocol

(Kos et al., 2016)

(CliniporatorTM, Igea)

1 LV 60 V
Pulse duration 150 ms

Frequency 4000Hz

Patient
Tumor 

volume 
(cm2)

Previous 
treatment

Clinical
stage

No. of
treatments

Survival time 
(months)

G
RO

UP
 1

1 3,14 / II 1 9 (NR)

2 8,35 / II 2 5

3 12,56 / II 5 6

4 15,7 / III 4 10 (NR)

5 40,09 / III 3 5

G
RO

UP
 2

6 0,79
incomplet

e 
resection

I 2 2

7 0
incomplet

e 
resection

I 3 22 (NR)

8 14,13
incomplet

e 
resection

II 3 3

9 1,31
incomplet

e 
resection

III 1 12 (NR)

10 20,93 Incomplete
resection II 10 10

MST: 7

NR – patient was euthanized due to tumor-unrelated reasons; MST – mean survival time

Treatment results

Summary of the response (1 
month after last treatment)

Response at the end of 
observation period – median 7

months (2 - 22)

CR 4/10 40,0% CR 1/10 10,0%

PR 2/10 20,0% PR 0/10 0,0%

SD 1/10 10,0% SD 0/10 0%

PD 3/10 20,0% PD 9/10 90,0%

CR – complete response, PR – partial response, SD – stable
disease, PD – progressive disease (Nguyen, 2015) 

 overall median survival 7 months

 stage and size did not influence the treatment
outcome
 stage I and II tumors - variable survival times (3 to 9 and 

2 to 22 months, respectively)

 stage III tumors – survival times 5 months to 12 months 

 2/3 euthanized due to tumor-unrelated reasons.

 well-tolerated procedure, less invasive than radical
surgical excision – better cosmesis and post-
treatment function

before Th1 (week 0) Th2 (week 2)

Th3 (week 4) Th4 (week 6) 1 month after Th4 6 months after Th4

Patient no.4 (stage III)Treatment results

before Th1 (week 0) Th2 (week 2) Th3 (week 4)

Th4 (week 6) 6 months after Th4

*
Patient no.4 (stage III) -
radiographic evidence of 
new mandibular bone 
formation/mineralization (*), 
consistent with the clinical 
response to the treatment

Results – regulatory T cell (Treg) percentage

Percentage of Treg in the course of treatment, measured by flow
cytometry; *p< 0.05

 Significant decrease in Treg
percentage

 Decrease regardless of the
progression of the disease – Treg
cannot serve as a prognostic marker 
for OMM

Conclusions

 the combination of surgery, ECT and IL-12 GET may be beneficial for dogs 
with OMM, especially when other treatment approaches are not 
acceptable due to their invasiveness or cost
 less invasive than surgery

 less expensive, less side effects than radiotherapy

 well tolerated by the animals, little or no side effects, performed on an
outpatient basis

 may be especially helpful in cases of recurrent tumors?
Non responders

– immune
evasion?

Combination with
other

(immuno)therapies? …
A bigger
cohort of
patients

Protocol
optimizations
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Adjuvant CSPG4-antigen elettrovaccination in 
canine malignant melanoma

2nd - 3rd April   2019

Veterinary faculty 

Clinic for small animal, Ljubljana

2nd - 3rd April   2019

Veterinary faculty 

Clinic for small animal, Ljubljana

Mariateresa Camerino                                                     Davide Giacobino Mariateresa Camerino                                                     Davide Giacobino 

Evolution of cancer therapies: treatment modalities

1846 Surgery  1846 Surgery  1946 Chemotherapy 1946 Chemotherapy 2010 Immuno-oncology 2010 Immuno-oncology 

1995 Immunotherapy 1995 Immunotherapy 1901 Radiation therapy 1901 Radiation therapy 1997 Targeted therapy 1997 Targeted therapy 

It is when oncology 
meets immunology 
that cancer 
immunotherapy begins.

Rolih et al. 2017 Rolih et al. 2017 

10/02/2019
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Canine malignant melanoma as predictive
comparative oncology model for human melanoma

Strong genetic
similarities to 

Humans

Strong genetic
similarities to 

Humans

Naturally develop 
tumors growing 
over long time

Naturally develop 
tumors growing 
over long time

Anatomical, 
histological, 
physiological 
similarities

Anatomical, 
histological, 
physiological 
similarities

Intact and 
competent

immune system

Intact and 
competent

immune system

Inter-individual
and intra-tumoral

heterogeneity

Inter-individual
and intra-tumoral

heterogeneity

Metastasis, cancer
recurrence, 
therapeutic
resistance

Metastasis, cancer
recurrence, 
therapeutic
resistance

Similar nutritional, 
environmental risk 

factors

Similar nutritional, 
environmental risk 

factors

Syngeneic 
microenvironment 

shaped by the natural 
evolution of the tumor 

Syngeneic 
microenvironment 

shaped by the natural 
evolution of the tumor 

Canine malignant melanoma (MM)

CMM characteristics

• 30-40% of oral tumors in dogs

• Mean age 10-12 years

• More frequent in heavily pigmented dogs

• Common sites: oral cavity (56%) lip (23%) skin (11%)

digits (8%)

• Metastatic rate up to 80%

• Regional/satellite lymphatic spread in 70-80% of cases

at presentation

Conventional therapies in canine malignant melanoma

• Surgery most effective local treatment:       
en-bloc resection

• Radiation: as adjuvant post surgery or 
as sole treatment

• Chemotherapy: MTD with
carboplatin, metronomic chemotherapy
with piroxicam, talidomide, 
cyclophosphamide or chlorambucile
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at presentation

Conventional therapies in canine malignant melanoma

• Surgery most effective local treatment:       
en-bloc resection

• Radiation: as adjuvant post surgery or 
as sole treatment

• Chemotherapy: MTD with
carboplatin, metronomic chemotherapy
with piroxicam, talidomide, 
cyclophosphamide or chlorambucile
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Immunotherapy
an emerging
therapeutic

modality

Canine malignant melanoma

• Need for new therapeutic

strategies

• Usually adjuvant after local

tumor control

• Immunotherapy against

minimal residual disease

• Immunity to protect from

relapse

• 151 oral MM, SX. +/- adjuvant (++ chemo)

• Median survival 346 day 29% living more 1

year

• Negative prognosticators: sizes age marginal

excision

• Adjuvant treatments: no clear benefit

• 98 dogs: only Sx, median 335 days

• Other dogs (Sx + different adjuvant regimens)

352 days

Immunotherapy: an emerging therapeutic modality

• Prolonged and  strong immune 

response against the cancer

• Specific immune response with 

clinical remission and/or metastasis

Cancer Immunotherapy targets:

• Break immunosurveillance escape by 

cancer cells

• Specificity and sensitivity of cancer 

immunotherapy

• Immune system discovers the tumour

through TAA

TAA Tumor associated Oncoantigens

• Causal-driving role in the promotion of 

tumour progression

• level of expression in healthy tissue

level of expression in tumours

• No downmodulation or negatively

selected under a specific immune attack

The oncoantigen concept

Lollini et al, Nat Rev Cancer, 2006 

• Expressed by neoplastic cells and/or 

by cell in tumour microenvironment

(stromal, endothelial, inflammatory

cells)

• Target of the cell mediated and the 

antibody-mediated immune response

10/02/2019
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TAA Tumor associated Oncoantigens

• Class I oncoantigens: expressed on
the cell surface (receptors, adhesion
molecules)

• Class II oncoantigens: present in
tumour microenvironment (growth,
angiogenic factor)

• Class III oncoantigens: are
intracellular protein (transcription
factors, cell cycle molecules)

Cavallo et al, Nat Rev Cancer, 2007

Why CSPG4 ?

CSPG4 (HMWA-AA) 

 Chondroitin Sulfate ProteoGlycan-4
High Molecular Weight Melanoma
associated antigen or MCSP

 Transmebrane protein Class I
oncoantigen

 Restricted distribution in normal
tissues

 Expressed in melanoma (85%),
glioma, chondrosarcoma, ALL,
tumor activated pericytes, breast
carcinoma, renal cell carcinoma

 In MM is involved in proliferation,
migration, invasion and survival

 High conservation through
phylogenetic evolution

 AA sequence human CSPG4 vs.
canine CSPG4 82% homology 88%
similarity
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CSPG4 frequency of expression

Canine melanoma: 60%

Now higher ... around 75-80%

CSPG4 (HMWA-AA) 

• 55 canine oral and 10 subungueal MMs were examined

• Immunohistochemical staining revealed 37 positive MMs 56.9%

• CSPG4 staining mostly restricted to the cell membrane

• Major CSPG4 expression found in amelanotic melanoma and in

epithelioid histotype

• Frequency of CSPG4 in canine MMs similar to Melan A and PLN2

CSPG4 as a new diagnositc marker and immunotherapeutic target

CSPG4 (HMWA-AA) expression 

Electrovaccination with CSPG4 in Turin

VCO 2016
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• Easy to handle

• Safe

• Applicable to a broad
population

• Cellular and humoral immunity

Elettrovaccination

DNA vaccination Elettroporation

• Enhanced expression of the 
protein encoded by the 
immunizing DNA

• Temporary cellular
permeabilization

• Prolonged immune response

• Retrieval APC

Intramuscular DNA plasmid
injection followed by 
elctroporation

Inflammatory cells 
infiltration

Overexpression of the 
protein encoded by the 
plasmid

Activation of a humoral
and cellular response

MM associate 
antigen
CSPG4

Iezzi M. et al. Oncoimmunol, 2012; Riccardo F. et al. Curr Top Microbiol Immunol, 2014

Elettrovaccination

CliniporatorTM
IGEA, Carpi, Italy
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• Anaesthesia required during
elettroporation

• DNA vaccine with plasmid
coding HuCSPG4

• 500 µg of a plasmid in 200 µl of 
0.03 NaCl injected  i.m. into the 
semimembranosus 
semitendinosus muscle region

• Elettroporation PULSES
1 high voltage (HV, amplitude 450 V, length 
50 µs, frequency 3 HZ) 

8 low voltage (LV, amplitude 110 V, length 20 
ms, pause 300 ms); HV-LV 1 sec

Elettrovaccination

DNA vaccination Elettroporation

Elettrovaccination

Histological diagnosis of oral malignant

melanoma, stage II and III

Minimum follow up of 6 months, no

concurrent life threatening disease

Absence of distant metastases beyond

the first draining LN

 Possibility of “en bloc” tumor and

regional LN(s) resection even if

cytologically normal

Inclusion criteria

Electrovaccination with huCSPG4 in Turin

• Owned dogs

• Study approved by Turin
University Ethical Committee

• Consent forms signed by
owners

• Complete work-up (physical
exam, CBC, biochemistry, heart
US) to ascertain initial good
condition

• Complete tumour staging

10/02/2019
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Courtesy  Dr. Paolo Buracco

Courtesy  Dr. Paolo Buracco

Courtesy  Dr. Paolo Buracco
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Courtesy  Dr. Paolo Buracco

• histological evaluation of excision margins

• histological evaluation of regional LN(s)

• immunohistochemistry for ki67                          

• mitotic index and nuclear atypia

• immunohistochemistry for CSPG4 

minimal score ≥3/8; Mayayo et al., 2011

vaccination
candidate

Electrovaccination with huCSPG4 in Turin

Vaccination schedule

• 1° vaccine: 3-4 weeks after surgery

• 2° vaccine: 2 weeks after 1° vaccine

• 3° vaccine: monthly

At each vaccination clinical exam, blood work, 3
views chest radiographs, sera (Ab titer) and
peripheral blood mononuclear cells were obtained.

Electrovaccination with huCSPG4 in Turin

10/02/2019
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• Sera from vaccinated dogs were tested with 
ELISA for their ability to stain B16 mouse 
melanoma cells transfected with human- and 
canine-CSPG4

Serum
 pre-vax

Serum
 pre-vax

hCSPG4hCSPG4 cCSPG4cCSPG4

Serum
 post-vax

Serum
 post-vax

• Evaluation of serum antibody titer
against human/dog CSPG4 before 
each vaccination 

hCSPG4hCSPG4 cCSPG4cCSPG4

Riccardo F. et al. Clin Cancer Res, 2014

Electrovaccination with huCSPG4 in Turin

Evaluation local cell-mediated immunity

PBMC (peripheral blood mononuclear cells) collected before
vaccination and after the third vaccination, were stimulated ex vivo
with the six peptide-pools from cCSPG4 in ELISPOT for 24 hours

No significant increases in IFN-gamma-secreting cells were
detected after vaccination

Negative DTH (delayed type hypersensitivity)

Riccardo F. et al. Clin Cancer Res, 2014.

Electrovaccination with huCSPG4 in Turin

Group I  GSPG4-positive/vaccinated

Group II GSPG4-positive/no vaccinated

Group III GSPG4-negative/no vaccinated

Piras L.A., Riccardo F. et al. Vet Comp Oncol, 2016

Electrovaccination with huCSPG4 in Turin

MST : Sx median 335 days

MST : Sx + different adjuvant regimens 352 days

Boston S. et al. J Am Vet Med Assoc, 2014
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0

Group A  surgery +  HuCSPG4 vaccine 
Group B  surgery  (control group)

Group A, B GSPG4-positive

684 days

477 days

Piras L.A., Riccardo F. et al. Vet Comp Oncol, 2016

Electrovaccination with huCSPG4 in Turin

• Safety and immunogenicity of the electrovaccination with huCSPG4 plasmid
in dogs with CSPG4-positive oral cMM stage II-III.

• Increased anti-hCSPG4 Ab titer in post-vax sera compared with pre-vax sera 
(after 3rd-4th vaccination) 

• No direct correlation between the antibody titer and the survival

• No specific local immunity

• Possibility of local recurrence and/or lymphatic metastasis

• Possibility of second surgery/radiation and/or metronomic chemotherapy

Electrovaccination with huCSPG4 in Turin

• Higher Ab titer and longer OS and DFI in vaccinated dogs <20kg 

• Even if not statistically significant, vaccinated dogs affected by a cMM
with CSPG4 score ≥5 displayed a longer survival when compared with 
vaccinated dogs with CSPG4-positive cMM with score <5 

CSPG4< 5 CSPG4≥ 5

BW< 20 kg BW< 20 kg

CSPG4 score <5

greater prevalence of CSPG4-
negative tumour clones

Ability to escape anti-CSPG4 
immunity induced by vaccine

progression of the disease 

Xenogenic
vaccination huCSPG4

possible low 

specific immune response affinity

Electrovaccination with huCSPG4 in Turin
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LGR

LGR

CS

PRR

PDZ

Second Generation anti-CSPG4 Vaccine: 
Electroporation with chimeric HuDo-CSPG4

Xenogeneic 
Domain

Breaks Immune 
Tolerance

Autologous 
Domain

Ensures the Specificity 
of the Immune Response

Chimeric 
Sequence

Canine
Sequence 

Human
Sequence 

Meravax HuDo-CSPG4

Modified from Rolih V., Barutello G., ... and Riccardo F. J Transl Med, 2017;
Riccardo F. et al. Curr Top Microbiol Immunol, 2014

• Monthly check for metastasis by CT 
scan instead of radiography 

• Higher accuracy of CT vs. radiology 
in detecting systemic metastasis 
(stage IV oral cMM) emphasised 
even more the efficacy of the 
treatment

• In case of suspected lung/other 
sites metastasis within the 
vaccination period, metronomic 
therapy was added 

Meravax HuDo-CSPG4

Inclusion criteria

 Stage stage II, III and IV of cMM

Local control of neoplasia with 

surgery and/or radiotherapy

CSPG4 ≥ 3 

Minimum follow up of 6 months, 

no concurrent life threatening

disease

Vaccination schedule

• 1st vaccine: 3-4 weeks after surgery/local treatment

• 2nd vaccine: 2 weeks after 1° vaccine

• 3rd - 24th vaccine: monthly

• After 2 yrs: semestral booster

• 500 µg of a plasmid in 200 µl of 0.03 NaCl injected

• i.m. into the semimembranosus semitendinosus muscle region

• Elettroporation PULSES
1 high voltage (HV, amplitude 450 V, length 50 µs, frequency 3 HZ) 

8 low voltage (LV, amplitude 110 V, length 20 ms, pause 300 ms); HV-LV 1 sec

Meravax HuDo-CSPG4



179

4th Veterinary workshop on electroporation-based treatments
10/02/2019

12

LGR

LGR

CS

PRR

PDZ

Second Generation anti-CSPG4 Vaccine: 
Electroporation with chimeric HuDo-CSPG4

Xenogeneic 
Domain

Breaks Immune 
Tolerance

Autologous 
Domain

Ensures the Specificity 
of the Immune Response

Chimeric 
Sequence

Canine
Sequence 

Human
Sequence 

Meravax HuDo-CSPG4

Modified from Rolih V., Barutello G., ... and Riccardo F. J Transl Med, 2017;
Riccardo F. et al. Curr Top Microbiol Immunol, 2014

• Monthly check for metastasis by CT 
scan instead of radiography 

• Higher accuracy of CT vs. radiology 
in detecting systemic metastasis 
(stage IV oral cMM) emphasised 
even more the efficacy of the 
treatment

• In case of suspected lung/other 
sites metastasis within the 
vaccination period, metronomic 
therapy was added 

Meravax HuDo-CSPG4

Inclusion criteria

 Stage stage II, III and IV of cMM

Local control of neoplasia with 

surgery and/or radiotherapy

CSPG4 ≥ 3 

Minimum follow up of 6 months, 

no concurrent life threatening

disease
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• 500 µg of a plasmid in 200 µl of 0.03 NaCl injected
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Overall Survival Disease-Free interval

Median survival:
 Ctrl 220 days
 hu 684 days
 Meravax 580 days

Disease free interval:
 Ctrl 180 days
 hu 477 days
 Meravax 313 days

Meravax HuDo-CSPG4

Median survival:
 Ctrl 220 days
 Meravax 580 days

Disease free interval:
 Ctrl 180 days
 Meravax 313 days

Meravax HuDo-CSPG4
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Low-expression CSPG4+ Canine Melanoma OLGA cells
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Presence of "qualitatively" higher antibodies in serum of dogs vaccinated with HuDoCSPG4

Meravax HuDo-CSPG4
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Efficacy

- humoral immune response 

- prolonged survival in vaccinated dogs 

Safety

- no side effects 

- transitory lameness in some patients 

HuDoCSPG4 più specifico rispetto a hCSPG4 

- Inhibition of proliferation OLGA cells

- No correlation between survival and CSPG4 expression

Meravax HuDo-CSPG4

Elettrovaccination immunotargeting CSPG4

New challenges….

Adjuvant CSPG4 elettrovaccination
in canine  osteosarcoma 

• Evalutation of immunogenicity, safety, therapeutic efficacy of

the vaccine

• OSA stage I-III with histological diagnosis

• CSPG4 expressed in 78 % of canine OSA

• Immunohistochemistry for CSPG4 minimal score ≥4/8

• Similar vaccine protocol compared with cMM

• Adjuvant treatment after local control

Molecular Biotechnology Center

Paolo Buracco

Dipl. ECVS full professor, 

Veterinary Surgery Clinic

Selina Iussich

Mariateresa Camerino 

Davide Giacobino

Federica Cavallo

full professor, Immunology

Federica Riccardo

Veterinary Teaching Hospital



NE IZGUBLJAJTE ČASA. IZBERITE NAJBOLJŠE.

NATANČNA
SESTAVA
Optimalni energijski vnos, 
5 različnih formul pokriva 
različne patološke pojave 
in potrebe.

POPOLNA
PREHRANA
5 izjemno prebavljivih
formul za pomoč pri
prehrani mačk in psov

ENOSTAVNA
UPORABA
Tekoča hrana, zasnovana posebej 
za enostavno hranjenje po sondi, 
vključno z enteralnim hranjenjem 
po najmanjših sondah.

INOVATIVNA
EMBALAŽA
Posebna zasnova pokrovčka 
omogoča polnjenje injekcije
neposredno iz stekleničke.

POSPEŠITE OKREVANJE* 
s prvim naborom prehrane posebej narejene za hranjenje po sondi.

*Podhranjene hospitalizirane živali dje okrevajo in imajo manjšo možnost preživetja.
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