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Thursday, 12th of May 2022

9.00 – 9.30 Electroporation of cells and tissues by high voltage electric pulses (D. Miklavcic)

9.30 – 10.00 Tumor biology and preclinical electrochemotherapy (M. Čemazar)
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10.30 – 11.00 Electrochemotherapy of deep - seated tumors (B. Trotovšek & M. Đokić)
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15.00 – 17.00 Practical work I 

Friday, 13th of May 2022

9.00 – 9.20 Gene electrotransfer of IL-12: How did the preclinical work help? (U. Lampreht Tratar)

9.20 – 9.40 Treating mast cell tumors in dogs with electrochemotherapy and gene electrotransfer  
 (N. Milevoj)

9.40 – 10.00 Soft tissue sarcoma in dogs: a novel approach using electrochemotherapy (F. Torrigiani)
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10.15 – 10.30  Contrast-enhanced ultrasound as predictive factor for electrochemotherapy and gene   
 electrotransfer in canine cutaneous and subcutaneous tumors (M. Brložnik)
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11.00 –  11.30 How to talk with owners about electrochemotherapy and gene electrotransfer? (N. Tozon)

11.30 – 12.30 Case reports  
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14.00 – 16.00 Practical work II (patient follow-up) & Discussion 

16.00 – 16.30 Concluding remarks
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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 Engi-

neering, 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 trans-

port mechanisms. Small and large molecules can thus enter (and leave) the cell includ-

ing 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 vaccina-

tion. 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 apply-

ing 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 electropo-

ration 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.
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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, 
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Collaborating Institutions
• Institute of Oncology, Ljubljana
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Disclosure
Author is inventor of several patents pending and granted, is receiveing 
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based technologies and therapies.
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?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
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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. 
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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

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. 

6

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
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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.

8

Malignant melanoma B16 cells in vitro

Cisplatin conc. (mM)
10 100 1000

Su
rv

iv
in

g 
fr

ac
tio

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

10

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 

12

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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DNA/TOTO uptake

1 pulse, 20 ms, 0.5 kV/cm

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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migration 
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the cell
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membrane

Translocation 
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membrane

Migration 
towards
the nucleus

Transfer 
across
the nuclear
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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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In vivo: Permeabilisation level of muscle tissue
before and after electric pulse delivery

Šatkauskas S, Bureau MF, Puc M, Mahfoudi A, Scherman D, Miklavčič D, Mir LM. 
Mol. Ther. 5: 133-140, 2002. 

Combination of pulses
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Reducing plasmid DNA concentration
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HV – high voltage pulse - electroporation
LV – low voltage pulse - electrophoresis

Kandušer M, Miklavčič D, Pavlin M.
Mechanisms involved in gene electrotransfer using high- and low-voltage 
pulses — An in vitro study. Bioelectrochemistry 74: 265-271, 2009.

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. 

18

d

+V/2 -V/2

E=U/d

U=V

d

r2
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r5
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Electrodes of different diameter
+V/2 -V/2U=V

r =
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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

20

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

22

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



5th Veterinary workshop on electroporation – based treatments        Abstract book with handouts

Ljubljana, 12th – 13th May 2022

18
23

Current density imaging

2+2

2+1

Mean electric field in tumor / V/cm
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D
T 

/ d
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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

24

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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prof. dr. Maja Čemažar
mcemazar@onko-i.si 

Prof. Maja Cemazar obtained her PhD in basic medical sciences from the University of 

Ljubljana, Faculty of Medicine in 1998. She was a post-doctoral fellow and a researcher 

at the Gray Cancer Institute from 1999-2001. In 2004 she was working at the Institute 

of Pharmacology and Structural Biology as an associate researcher. Currently, she is the 

Head of Research and Education at the Institute of Oncology Ljubljana and also works as 

a researcher at the Department of Experimental Oncology. In addition, she is a lecturer in 

under and post-graduate courses of Cell and Tumor biology, partly employed at the Uni-

versity of Primorska. Her main research interest is in the field of gene electrotransfer – gene 

therapy. She is developing different treatment approaches by utilizing therapeutic genes 

targeting either tumor angiogenesis or stimulating immune response. She is a member of 

different national and international societies and a president of the National Ethical Com-

mittee for Animal Experimentation and a vice-president of National scientific committee 

for deliberate release of the GMO Ministry of the Environment and Spatial Planning. In 

addition, she serves as a member of Editorial board of several international peer-reviewed 

journals and is a Deputy Editor of the journal Radiology and Oncology. She is also a scien-

tific officer for biology of the “International society of Electroporation based Technologies 

and Treatments” ISEBTT, and an elected member of the “Organisation of European Cancer 

Institutes” OECI board from 2021. In 2006 she received the Award of the Republic of Slo-

venia for important achievements in the scientific research and development in the field of 

experimental oncology and in 2018 Frank Reidy Award for Outstanding Achievements in 

Bioelectrics. She was a supervisor of 10 PhD students, and more than 30 BSc theses. She is 

the author of more than 200 articles in peer-reviewed journals. Her H index is 47.

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 dos-

age, 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 treat-

ment 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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Cancer

Uncontrolled growth of cells, as a 
consequence of irreversible damage to 
genes in DNA that are involved in cell 
growth, death or differentiation
Ability of these cells to invade and 
migrate to form metastases

Carcinogenesis
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Emerging hallmarks and enabling characteristics: 2000 
(Hallmarsk of Cancer):

1. Sustaining proliferative signaling
2. Evading growth supressors
3. Enabling replicative immortality
4. Activating invasion &metastasis
5. Inducing or accessing vasculature
6. Resisting cell death

Emerging hallmarks and enabling characteristics: 2011 
(Hallmarks of cancer: the next generation):

1. Avoiding immune destruction
2. Tumor promoting inflammation
3. Genome instability &mutation
4. Deregulating cellular metabolism

Emerging hallmarks and enabling 
characteristics (2000 -2011)

Properties of tumors

The Hallmarks of Cancer
(Hanahan D., Weinberg RA., Cell, 2000)
Hallmarks of cancer: the next generation
(Hanahan D., Weinberg RA., Cell, 2011)

Emerging hallmarks and enabling 
characteristics (2022)

Hallmark: a quality, ability, etc., that is typical of a particular person or thing; a 
distinguishing characteristic, trait, or feature
Characteristic: a special quality or trait that makes a person, thing, or group different from 
others; a distinguishing trait, quality, or property

Hallmarks of Cancer: New Dimensions
(Hanahan D., Cancer Discovery, 2022)

1. Unlocking phenotypic plasticity
2. Senescent cells
3. Nonmutational epigenetic

reprogramming
4. Polymorphic microbiomes

Tumor microenvironment –cancer is a disease of tissue
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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

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

4

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

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
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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

Electroporation increasaes cytotoxicity of chemotherapeutic 
drugs on different tumour cell lines
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TBL.Cl2 CDDP  IC50=20 mg/ml
TBL.Cl2 ECT IC50=2.2 mg/ml 
TBL.Cl2 PT CDDP  IC50=450 mg/ml
TBL.Cl2 PT ECT  IC50=2.2 mg/ml 

TBL.Cl2 Pt 
TBL.Cl2 
sarcoma

CDDP

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

6

Platinum content in TBL.Cl2 and cisplatin resistant TBL.Cl2 Pt 
cells after treatment with cisplatin alone and combined with

electroporation

cisplatin conc. (g/ml)
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 TBL.Cl2 cisplatin

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.

Time after cisplatin addition (hours)
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TBL.Cl2 
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Platinum content in cells after exposure of cells 
to IC50 cisplatin doses

Cemazar et al. Eur J Cancer 2001

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
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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.

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

8

Control

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

Cisplatin 
4 mg/kg i.v.

Electrochemo
therapy

SA-1 tumors

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

Effect of electrochemotherapy with 
bleomycin in rat N32 glioma
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Electrochemotherapy with cisplatin injected 
intratumourally. Cisplatin dose dependence.
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Cemazar et al, Anticancer Drugs 1998; 9: 525-530.

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.

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?

10

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 

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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Growth curves of B16F10 and 4T1 tumors after
Calcium electroporation (CaEP)

1 week after Ca250 
mM + EP

2 weeks after Ca250 
mM + EP

1 week after Ca250 mM
+ EP

1 week after Ca250 mM
injection
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✱

*P<0.0001

Survival of B16F10 and 4T1 tumor bearing mice after CaEP

Re-challenge with 4T1 cells
at day 100 → all mice
developed tumors.

35% CR
25% CR

6% CR

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 electroporated 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

12

Electroporation increases the amount of bleomycin
in the tumor

 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

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......

Time after treatment (days)
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Cisplatin
Cisplatin + electroporation

PF (IC50) = 10

Cemazar et al. Brit J Cancer 1999

 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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Cisplatin dose (mg/kg)
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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

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

14

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.

Anti-vascular effect of electrochemotherapy
with bleomycin and cisplatin
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Brit J Cancer 2002; 87: 1047-1054, Radiol Oncol 2003; 37: 43-48.

Proposed changes in tumor blood vessels following 
electroporation  and electrochemotherapy

JARM et al. 2010
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Intravital microscopy –dorsal window chamber 

Koehl GE. et al, Clin Ex Metastasis, 2009 

• Direct visual access to the blood vessels and surrounding tissue
• Repetitive observations of the same animal
• In combination  with modern microscopy techniques it enables high spatial 

and time resolution of imaging

Tumor grown in dorsal window chamber

Masks of blod vessels: calculation of fluorescence intensity 
inside the vessles and in extravascular space

Bellard and Markelc J Controlled Release 2012

Vascular lock 
induced by 

electroporatio
n 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. 

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. 

16

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

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? 
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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

Perspectives of Electrochemotherapy

Combination of electrochemotherapy with other
treatments:
standard  - radiotherapy
novel – immune check point inhibitors

gene therapy (plasmid encoding IL-12)

• Questions?
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prof. dr. Gregor Serša
Gregor Sersa graduated from Biotechnical faculty, University of Ljubljana and received 

his PhD in 1988 from Faculty of Medicine, University of Ljubljana. From 2003 he is a full pro-

fessor of molecular biology at Biotechnical Faculty, University of Ljubljana. He is employed at 

the Institute of Oncology in Ljubljana as Head of the Department of Experimental Oncology. 

His specific field of interest is the effect of electric field on tumor cells and tumors as drug 

and gene delivery system in different therapeutic approaches. Besides experimental work, 

he is actively involved in the education of undergraduate and postgraduate students at the 

University of Ljubljana. From 1998 he is Editor in Chief of journal “Radiology and Oncology” 

and from 2015 he is a member of Slovenian Academy of Science and Arts.

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 tumor, 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 trans-

port through the plasma membrane without electroporation of tumors. Preclinical studies 

focused on the treatment parameters, route of drug administration and proved its effective-

ness on several experimental tumor models. Based on the known mechanisms of action, 

electrochemotherapy has been successfully tested in the clinics and is now in standard treat-

ment of cutaneous tumors and metastases. Electrochemotherapy as a platform technology, 

is now being translated also into the treatment of bigger and deep-seated tumors. With new 

electrodes and new electric pulse generators, clinical trials are on-going for treatment of liver 

metastases and primary tumors, of pancreas, bone metastases and soft tissue sarcomas, as 

well as brain metastases, tumors in in oesophagus or in rectum.

Related literature

Campana LG, Edhemovic I, Soden D, Perrone AM, Scarpa M, Campanacci L, Cemazar M, Valpione 
S, Miklavcic D, Mocellini S, Sersa G. Electrochemotherapy – Emerging applications, technical 
advances, new indications, combined approaches, and multi-institutional collaboration. EJSO 
2019; 45: 92-102.

Sersa G, Ursic K, Cemazar M, Heller R, Bosnjak M, Campana LG. Biological factors of the tumor 
response to electrochemotherapy: review of evidence and a research roadmap. EJSO 2021; 47: 
1836-46.

Granata V, Fusco R, Salati S, Petrillo A, Di Bernardo E, Grassi R, Palaia R, Danti G, La Porta M, Cadossi 
M, Gašljević G, Sersa G, Izzo F. A systematic review about imaging and histopathological findings 
for detecting and evaluating electroporation-based treatments response. Int J Env Res Pub He 
2021; 18: 5592.

Groselj A, Bosnjak M, Krzan M, Kosjek T, Bottyan K, Plesnik H, Jamsek C, Cemazar M, Kis E, Sersa G. 
Bleomycin concentration in patients' plasma and tumors after electrochemotherapy. A study from 
InspECT group. Pharmaceutics 2021; 13: 1324.

Campana LG, Peric B, Mascherini M, Spina R, Kunte C, Kis E, Rozsa P, Quaglino P, Pritchard Jones R, 
Clover AJP, Curatolo P, Giorgione R, Cemazar M, de Terlizzi F, Bosnjak M, Sersa G. Combination 
of pembrolizumab with electrochemotherapy in cutaneous metastases from melanoma: A 
comparative retrospective study from the InspECT and Slovenian Cancer Registry. Cancers 2021; 
13: 4289. doi: 10.3390/cancers13174289.
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Electrochemotherapy
in human oncology

2022

Prof. Gregor Serša, 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 
170 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
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France 8

Slovenia 3
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Total 170
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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.

Timeline of clinical electrochemotherapy

Campana LG et al. EJSO 2019

Well known mechanisms involved in antitumor
effectiveness of electrochemotherapy

• Direct effects on 
tumor cels:
Electroporation 
Immune response

• Indirect effects by:
Drug entrapment
Vascular disruption

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.

Timeline of clinical electrochemotherapy

Campana LG et al. EJSO 2019

Well known mechanisms involved in antitumor
effectiveness of electrochemotherapy

• Direct effects on 
tumor cels:
Electroporation 
Immune response

• Indirect effects by:
Drug entrapment
Vascular disruption

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.

Timeline of clinical electrochemotherapy

Campana LG et al. EJSO 2019

Well known mechanisms involved in antitumor
effectiveness of electrochemotherapy

• Direct effects on 
tumor cels:
Electroporation 
Immune response

• Indirect effects by:
Drug entrapment
Vascular disruption



5th Veterinary workshop on electroporation – based treatments        Abstract book with handouts

Ljubljana, 12th – 13th May 2022

32

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

Meta analysis

• ECT has comparable 
effectiveness to other skin 
directed ablative 
techniques

Guidelines

• NICE

• German 
Guidelines

New SOP for electrochemotherapy are published

• Indications for treatment
• Treatment

• anaesthesia, 
• drug administration,
• choice of electrode

• Other considerations:
Wound care and nursing
Follow up and retreatment

Electrochemotherapy - procedure

Marty and Sersa et al. EJC Suppl 2006
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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 and electrodes

Finger - Orthogonal

Finger - Longitudinal

Adjustable
Hexagonal

Adjustable 
Linear

Hexagonal

Plate

Linear  

Single loong needle electrodes

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.

Effectiveness of electrochemotherapy on 
cutaneous tumors

Different tumor hystotypes show different response

• The best responses 
are on 
Kaposi’s sarcoma
Basal Cell carcinoma

Tumor size and response
• The majority of tumors treated were 

smaller than 3 cm (2004/2482; 81%)
• With increasing tumor size CR and 

OR decreases; this is consistent 
across the histotypes
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Importance of electrode type

• Linear electrodes 
are more efficient on 
tumors < 30 mm

• Hexagonal 
electrodes are more 
efficient on tumors > 
30 mm

Response according to route of the drug 
administration

• Preference for i.v. bleomycin 
(75%) administration as 
opposed to i.t. (25%)

• Lesion smaller than < 2 cm are 
both effective, i.t or i.v. BLM 
injection

• Lesions bigger than > 2 cm i.v.
administration is more effective 
than i.t. 

Response according to previous irradiation

• Marked drop in response between 
previously irradiated (CR 59%) 
and non-irradiated lesions (CR 
71%).

• Significant difference is in 
intratumoral drug administration.

• In pre-irradiated lesions CR 72% 
vs. non-irradiated lesions CR 37%. 

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

Time (weeks)
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Electrochemotherapy

Sersa et al. Tumori 2000

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.

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.

A

C

B

D

E F

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 Drugs
2005
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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

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

Response rate of the tumors pooled from 
individual studies

Miklavcic D et al. BioMedical Engineering OnLine 2014

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 
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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

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

Electrodes for deep seated tumors

Finger - Orthogonal

Finger - Longitudinal

Adjustable
Hexagonal

Adjustable 
Linear

Single loong needle electrodes

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

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
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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

Dose of BLM and therapeutic window

• Pharmacological data indicate on:
• Longer treatment window and - possible reduction of the BLM dose, 

specifically in elderly patients
• Shorter treatment window and no reduction of the BLM dose, specifically

in younger patients

Is lowering of BLM 
dose as effective as 
standard BLM dose?

Groselj et al. Head and Neck 2017

• Customize treatment 
parameters

• Manipulate tumor and its 
microenvironment

• Develop novel combined 
treatment approaches

Improvement in ECT practice: How?

Clinical factors associated with 
response

Tumor 
histotype

Tumor size

Previous 
treatments

Biological factors

Tumor cell 
characteristics

Tumor
microenvironmen

t

ECT improvement

Selection of 
treatment 

parameters

Combined 
treatment strategies

Sersa G et al. EJSO 2021

Biological factors and improvement of ECT practice 

Currently, decision-
making in ECT 

practice is guided 
by clinical factors

Sersa G et al. EJSO 2021

Improvement in ECT: Research roadmap

Sersa G et al. EJSO 2021
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Proposed model of in situ vaccination with ECT, 
boosted by immunogene therapy with IL-12

Sersa et al. Cancer Immunol Immunother 2015

ECT as in situ vaccination boosted with IL-12 GET

• For the abscopal effect we need 
Immunostimulation
Immuno Checkpoint Blockade

• The immunostimulation can provide higher response rate and possibly also 
the effect on distant metastases, with influence on survival.
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Untreated tumor

B16F10

Left flank -
treated

Ongoing clinical trial: skin and oral tumors in dogs; ECT with CDDP i.t. (tumor) + GET with plasmid 
pCMVcaIL-12 (peritumoral)

Complete response 4 weeks 
after treatment

Combining ECT with immunotherapy

• Veterinary clinics: combination of ECT and peritumoral EGT with IL-12 

Case 1: female dog with 2 mastocytomas (left flank, chest wall) 

Chest wall - untreated (distant 
tumor)

Reduction in size 4 weeks after 
treatment (263mm3 to 39mm3)

Unpublished data

Abscop
al effect

Combined treatment of ECT and Pembrolizumab

• Advanced skin melanoma
• ECT contributed to response with

immune checkpoint inhibitors

Campana LG et al., Cancers 2021
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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)

Comprehensive 
reviews

Acknowledgment
• Institute of Oncology Ljubljana

• University of Ljubljana, 
Faculty of Electrical Engineering
Veterinary Faculty 

• Slovenian Research Agency

Thank you 
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Electrochemotherapy of deep -
seated tumors

Assist. Mihajlo Đokić, MD, PhD
Doc.dr. Blaž Trotovšek, MD, PhD

September 2019

Introduction

• Based on its effectiveness for cutaneous tumors
• ECT is now being developed and has been shown to be feasible, safe 

and effective for deep-seated tumors
• such as sarcomas, and liver tumors 

PRIMARY LIVER TUMORS

• Heterogenous group of different tumors
• Origin from different liver cells
• Two of the most common are:

• Hepatocellular carcinoma (HCC) (90%)
• Intrahepatic cholangiocarcinoma (CHC) (8.5%)

PRIMARY LIVER TUMORS

• 6th most common carcinoma 
worldwide

• 3rd most common cause of 
death due to cancer

• The incidence is rising 
worldwide

• Each year 841.080 people 
are diagnosed with PLT, 
781.631 die due to PLT
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PRIMARY LIVER TUMORS

• The highest incidence  in Asia and Africa
• However, incidence is rising in developed countries as well
• In the USA the incidence has tripled in the last 20-30 years
• The most common risk factors for developing HCC are:

• HBV/HCV infection
• Alcohol liver cirrhosis

• Prediction: 2030 – metabolic syndrom will become leading
cause for HCC

HCC

1. Aflatoxins
2. Autoimmune hepatitis
3. Hemochromatosis
4. Alpha-1-antitrypsin deficiency
5. Wilson disease
6. Budd-Chiari syndrome
7. Anabolic steroids

8

• Male to female ratio:
2,5 : 1

• HCC is rare before 40 years 
of age

• The incidence is highest for 
both sexes between age 70-
80

HCC

https://www.cancerresearchuk.org/health-professional/cancer-statistics/statistics-by-cancer-type/liver-cancer/incidence

10

BCLC staging system and treatment strategy

HCC – treatment options
• Surgery

• Resection (5y – 50-70%)
• Liver transplantation (5y – 80-100%)

• Ablation techniques
• RFA, MWA, Criotherapy, IRE, SBRT, 

ECT
• Embolisation

• TACE
• TARE

• Chemotherapy
• Target drugs 11

Technique Effect Needle size Technical
difficulty

RFA hyperthermia 15-18 G ++

Microwave hyperthermia 15  G +++

Cryotheraphy freezing/cooling 17 G +++

Laser hyperthermia 15-18 G +++

Irreversible electroporation disrupting cellular membrane integrity ++++

Electrochemotherapy electroporation of cells to increases intracellular 
drug transport

+++++

HIFU acoustic energy mediated hyperthermia +++++

Ablative technique
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Technique Effect Needle size Technical
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Technology & technique

STUDY DESIGN

• The basis for the study is the following study from 
Oncology Institute Ljubljana

• Edhemović et al. „Intraoperative 
electrochemotherapy of colorectal liver 
metastases“

• The study demonstrated feasibility, safety and 
effectiveness of ECT in liver metastasis of colorectal 
carcinoma

15

STUDY DESIGN

• The study was performed at the Department of 
Abdominal Surgery, University Medical Centre Ljubljana, 
Slovenia in collaboration with Institute of Oncology 
Ljubljana and Faculty of Electrical Engineering University 
of Ljubljana

• Regulatory approval from National Medical Ethics 
Committee was obtained

• The study was registred at ClinicalTrials.gov 
(NCT02291133)

16

Development timeline of clinical electrochemotherapy

Campana LG et al. EJSO 2019

CELL

Drugs

PlasmidD

Cell death

EXPRESSION 
OF 

TRANSGENE

Drugs
Or

plasmids

Biomedicine applications of reversible 
electroporation

ELECTROPORATION

ELECTROCHEMOTHERAPY

GENE ELECTROTRANSFER

ECT

GET
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Use of electroporation for drug 
and genes transfer

• Drug electrotransfer
• Electrochemotherapy

– Primary or metastatic diseases
– Clinical applications

• Gene electrotransfer–
Electrogene therapy
– Preclinical studies
– First clinical study

Cadossi et al. Future Oncology 2014

AIM, GOALS and HYPOTHESES
AIM
• Assessed the feasibility and safety of electrochemotherapy with

bleomycin in the treatment of PLT in clinical study phase I and II

• The treatment was planned according to preclinical experiences 
with electrochemotherapy

• Methods and results were interpreted
• Standardised procedures were prepared

RESULTS

STUDY
• All patients were presented to 

the MDT before the treatment
1. Surgeon
2. Gastro-oncologist
3. Radiologist
4. Interventional radiologist

23

Electrodes position and electrical impulses application

STUDY
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STUDY
• Two weeks before the study we performed

• History, physical examination
• Imaging techniques to confirm liver tumors

• Abdominal CT and/or
• MRI of abdomen

• Other investigations to exclude the progression of the disease
• Chest x-ray or chest CT
• Other investigations according to clinical presentation (scintigraphy, PET/CT,…)

STUDY
• One week before the study we performed:

• Laboratory tests
• Complete blood count
• Coagulation panel
• Complete metabolic panel
• Tumor markers

• ECG

STUDY
• From February 2014 to September 2018

• According to the inclusion criteria we treated:
a) 25 patients
b) 33 lesions

• Diagnosis was confirmed
a) Histologically or
b) Radiologically (HCC criteria)

STUDY
• Open surgery 24/25

• Percutaneous (CT guided) 1/25

• Variable or fixed placement

• Electrodes were placed under 
intraoperative US guidance
• Phase I and II
• Phase II – contrast enhanced US

• A gradient-based optimization algorithm 
was used to optimize voltage between 
each electrode pair

• Pulse generator was synchronised with 
ECG

• Intravenous bolus of bleomycin was 
15.000IU/m2

RESULTS
• For all treated patients and treated lesions we assessed:

1. feasibility
2. safety
3. treatment response

FEASIBILITY
• ECT was feasible in all 

patients
• 6 females, 19 males
• Median age 66.5 (range 52–

83 years) 

6; 24%

19; 76%

Ratio between male and female patients 
in the study

Ženske Moški
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Patients age distribution
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FEASIBILITY
• ECT was feasible in all 

patients
• 6 females, 19 males
• Median age 66.5 (range 52–

83 years) 

6; 24%

19; 76%
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in the study
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FEASIBILITY
• 5 patients had TACE and/or RFA 

treatment previously; one of them 
had liver resection before

• In 18 patients ECT was primary 
treatment

• In 2 patients ECT was used as 
bridging method to liver  
transplantation (One of them had 
liver resection before)
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Skupina 1 - Predhodne
lokalne metoda zdravljenja

neuspešne

Skupina 2 - Možno samo
paliativno zdravljenje

Skupina 3 - ECT kot
premostitvena terapija do

jetrne transplantacije

Distribution of patients to 3 groups

FEASIBILITY

• Electric pulses were delivered
with:

• fixed geometry for superficially 
located tumors (24/33 lesions)

• long needle electrodes for 
deep-seated tumors (9/33
lesions)

• Pulse generator was 
synchronised with ECG

Example of electrodes used in the study with the
impulse generator (Cliniporator VITAE)

FEASIBILITY
• Median size of treated lesions was 

25.1 mm
• Range from 8 to 45 mm
• 8 lesions were larger 30 mm
• ECT was feasible also in centrally 

positioned lesions (11/33 lesions)
LESION BEFORE TREATMENT

LESION AFTER TREATMENT

TUMOR

RIGHT 
PORTAL 
VEIN

TUMOR

RIGHT 
PORTAL 
VEIN

SAFETY
• According to ASA scale 

treated patients were:
a) ASA 2 (7 of 25) 
b) ASA 3 (18 of 25)  
• There were no intra- or 

postoperative complications 
24 hours after surgery

SAFETY
• 16/25 – Child-Pugh A
• 9/25 - Child-Pugh B
• Ascites occurred in 4 patients perioperatively

• After conservative treatment with diuretics the condition 
improved in all patients

• Median hospital stay was 5.5 days (range 1-20 days)

Effectiveness
• The first radiologic follow-up was 

1 month after treatment
• Median 31 days; range from 23 

to 45 days
• Complete response 30/33 

lesions (22/25 patients)
• In 3/33 lesions partial response 

was observed

88 %

12 % 

The first radiologic follow-up 1 month 
after treatment

Popolni
odgovor

Delni odgovor

Example of a patient with complete response after first 
radiologic follow up (47 days after treatment)
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Effectiveness
• Second radiologic evaluation took place 

between the 3rd and 6th month after 
treatment

• Median 194 days
• Interval 100–218 days
• 30 out of 33 lesions that the first radiologic 

assessment classified as completely 
responsive to treatment showed no 
changes

• 3 out of 33 lesions, which showed a partial 
response, were also unchanged and 
remained classified as partially responsive.

• According to mRECIST criteria that is a 
stabile disease The same patient as in previous slide after second 

radiologic follow up – complete response (136 days
after treatment)

Effectiveness
• Last radiologic assessment was 

performed 6 – 48 months after ECT
• Median 23,5 months
• After one year one of partially 

responsive lesions, classified as 
stabile in second radiological 
assessment showed a full response 
(histologically verified)

• Thus full responsive were 31/33 
lesions translating to 92% of the 
patients

The same patient 963 days after
treatment – complete response

92%

8 %

The last radiologic follow-up after 
treatment

Popolni odgovor

Delni odgovor

Effectiveness
• Object of the study was to asses the effectiveness of local 

treatment of HCC with ECT
• ECT proved to be an effective method of local treatment
• It is important to emphasise – ECT is a method of local 

treatment and does not offer systemic control of disease
• In 10/25 patients the disease progression was observed

• 7/10 a complete response was noted after treating target lesions

IN ADDITION

• Laparoscopic approach
• 2 patients:

• 1. lession at segment 4b + cholecystectomy
• 2. to risky to reach lession

• Percutaneous approach
• 2 patients:

• Indication for ablative approach but other techniques were not feasible

RESULTS

1. First prospective study
a) Feasibility
b) Safety
c) First evidence about high effectiveness of ECT in treatment of HCC

2. ECT is an additional ablative method
3. Indication for ECT application:

1. When other percutaneous ablative techniques are not feasible due to technical 
difficulties or due to stage of disease

2. When other ablative techniques previously performed were not effective
3. Patients with impaired liver function due to liver cirrhosis and/or with lesions 

where a high-risk operation is needed to achieve curative intent

CONCLUSION AND PROPOSALS
• studies proved:

1. ECT is safe
2. According to results extremely effective

• Limitation – small cohort of patients (only 25/29)
• Gained evidence are groundwork for future studies, perhaps 

multicentric studies
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ELECTROCHEMOTHERAPY
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prof. dr. Nataša Tozon
Prof. dr. Nataša Tozon graduated from the Veterinary Faculty of the University of Lju-

bljana 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 dis-

eases 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, sub-

cutaneous 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 effec-

tive 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 electro-

chemotherapy 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

5th Veterinary Workshop on 
Electroporation-Based Treatments

12 – 13 May 2022

Electroporation-based applications in veterinary medicine

 ECT (bleomycin, cisplatin)

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

 DNA vaccination (infectious 
diseases, cancer-associated 
antigens)

- single th
- adjuvant (surgery, radioth, 

chemoth)
- neoadjuvant – citotoreduc. th

1997 – 2012: > 40 
- 2022: > 100 publications 

in scientific journals 
single or adjuvant use of ECT

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

Electrochemotherapy in veterinary oncology

 Soon after the first clinical studies in human medicine, the first clinical
trial using ECT in veterinary medicine was conducted:

 Mir et al. (1997) used ECT combined with immunotherapy with
interleukin-2 (IL-2) for treating recurrent feline soft tissue sarcomas.

 In the following years, several research groups continued the work and
ultimately, ECT became a recognized treatment, especially for treating
selected cutaneous and subcutaneous tumors in dogs, but also
different types of tumors in cats, horses and exotic pets.

Electrochemotherapy in veterinary oncology - dogs and cats  
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Electrochemotherapy  in vet med - beginning 

 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

Treatment protocol:

1. Pretreatment evaluation
2. Patient preparation:

• short i.m. / i.v. general 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 = 8-20 min after

(visible tumour + in margins)
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ECT for the treatment of cutaneous and subcutaneous tumors dogs

Perianal tumours:

Patients 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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Therapeutic efficacy of ECT on perianal tumor nodules after 
4 weeks and at the end of observation time
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end of observation time
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Treatment responses according to the ch. drug  used at the 
end of observation time
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4

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/ml i.t.– 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)

Mast cell tumours (MCT)
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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

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

6

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.

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.

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.
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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

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
- 11 surgery followed by ECT

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

8

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

Haemangiopericytoma

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, radiotherapy

10

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 )

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

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 weeks after ECT8 weeks after ECT
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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

9 cats with SCC graded T2-T4 were treated over a 5 year period
- 2 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

12

Horses

- cutaneous sarcoids
- cutanous melanoma
- SCC
- FSA

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
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Fibroblastic sarcoid on the head (patient no. 10) before and 4 weeks after first treatment with ECT with 
cisplatin. CR was obtained

Equine Vet J. 2012 Mar;44(2):214-20.

14

Siberian hamster 
(Phodopus sungorus)

Fibrosarcoma

vet med – a lot of only case reports

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
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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 

sedations or/and general 
anesthesias

• 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

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)

 Haematology (complete haematology 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

16

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, anaesthetist, 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) anaesthesia (deep-sedation or anaesthesia depends on 
choice of treatment)

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
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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%

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

18

Health-related quality of life (HRQoL)

 Health-related quality of life (HRQoL) defines the specific effect of a medical
condition on an individual's health.

 Quality of life (QoL) in veterinary medicine has many different proposed
definitions, but broadly represents the aspects of an animal's life that make that
life better or worse for that specific animal.

 In oncology, HRQoL represents the effect of cancer and its treatment on body
function and well-being.

 Obtaining information about HRQoL can aid in decision-making, provide prognostic
information, improve owner-veterinarian interaction and evaluate the impact of
new treatments in clinical trials.

 The purpose of this study was to evaluate the owners' perception of HRQoL of dogs
and cats, treated with ECT alone or in combination with IL-12 GET and/or surgery.

 The owners of 41 dogs with histologically different tumors, treated with ECT
alone or in combination with IL-12 GET (non-invasive treatment) and/or surgery
(invasive treatment) were offered the »Cancer Treatment Form« and »Owner
Minitest« at least one month after treatment. (translated and adapted from the
questionnaires developed by Lynch et al., 2011).

 For the purposes of data processing
 the basic descriptive statistics
 a non-parametric Mann-Whitney U test to find out the statistically

significant differences between dogs’ current quality of life and the type of
treatment and the assessment of treatment outcomes

 a linear regression analysis was applied
 P values ≤ 0.05 were considered significant

Lynch S, Savary-Bataille K, Leeuw B, Argyle DJ. Development of a questionnaire assessing health-
related quality-of-life in dogs and cats with cancer. Vet Comp Oncol. 2011;9(3):172-182.

RESULTS

 The owners have assessed their dogs’ quality of life after treatment as good (scored
from 1- very poor to 10- excellent) (mean 7.25) and the general health compared to
the initial diagnosis of cancer (scored from 1- worse to 5- better) as improving (mean
3.93).

 The dogs’ owners assessed the current quality of life to be better within the group of
dogs that received non-invasive treatment compared to those that received invasive
treatment, involving surgery (p < .05).

 The results also show that the owners of dogs that achieved an objective response
(OR) to the treatment assessed the quality of life as statistically significantly higher
compared to the dogs that did not respond to the treatment (p < .05).

 In addition, 66% of pets’ owner found the “Cancer Treatment Form” complete and
detailed enough and to be of adequate length (82.9 %).

 Majority of the pets’ owners (85.4 %) would opt for the therapy again, regardless of
the financial costs.
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Further studies:

• chemoth. vs other drugs (Ca?)
• 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, Katja Uršič, 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, J4-2564)

Acknowledgment
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dr. Joško 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 univer-
sity 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: Electrochemo-

therapy (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 differ-

ent 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.

3/14/2019
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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).
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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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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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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.

3/14/2019
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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.
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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.

3/14/2019
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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
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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.

3/14/2019
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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.
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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. 

3/14/2019
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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.

3/14/2019
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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

3/14/2019
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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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Basic ReferencesBasic References

• Bruner, C. H. M, Dutra, G, Silva, C. B., Silviera, G. M. L. and Martins, M. F. 
M. (2014): Electrochemotherapy for the treatment of fibropapilomas in 
chelonia mydas. J. of Zoo. Wildl. Med. 45(2), 213-218.

• Lanza A., Baldi, A. and Spugnini, E. P. (2015) Surgery and 
electrochemoterapy for the treatment of cutaneous squamous cell 
carcinoma in a yellow-bellied slider (Trachemys scripta scripta). J. Am. Vet. 
Med. Assoc. 246(14), 455-457. 

• Lanza, A., Pettorali, M., Baldi, A. and Spugnini, E. P. (2017): Surgery and 
electrochemotherapy treatment of incompletely excised mammary 
carcinoma in two male pet rats (Rattus norvegicus). J. Vet. Med. Sci. 79(3), 
623-625.

• Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., 
Tozon, N. (2018): Eletrochemotherapy with bleomycin of different types 
of cutaneous tumours in a ferret (Mustela putorius furo).  Radiol. Oncol. 
52(1), 98-104. 

Basic ReferencesBasic References

• 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.

• Spugnini E. P., Lanza A., Sebasti S., Baldi A. (2018) Electrochemotherapy
palliation of an oral squamous cell carcinoma in an African hedgehog 
(Atelerix albiventris). Vet Res Forum. 9(4), 379-381. DOI: 
10.30466/vrf.2018.33109.

• Racnik, J., Svara, T., Zadravec, M., Gombac, M., Cemazar, M., Sersa, G., 
Tozon, N. (2019) Electrochemotherapy with cisplatin for the treatment of
a non-operable cutaneous fibroma in a cockatiel (Nymphicus hollandicus), 
N. Z. Vet. J. DOI: 10.1080/00480169.2018.1564393.
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Thank you for your attention.
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Clinical cases 

Dr. Joseph Impellizeri

06.05.2022
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**Sarcoma Treatment for 2022*
*How to Enhance Local Control when 

Surgery is Not Enough*
J. A. Impellizeri DVM, DACVIM, MRCVS

**Diplomate- American College of Veterinary Internal Medicine (Oncology)
**Member, Royal College of Veterinary Surgeons

New York, Rhode Island U.S.A
onco@guardianvet.com www.petcancerinformation.com

5th Veterinary Workshop on 
Electroporation-Based Treatments May 12, 2022

LEARNING OBJECTIVES

1. Educate about common cancer
2. Behavior
3. Grade
4. Prognosis
5. Treatment options

1. Surgery
2. Radiation Therapy
3. Chemotherapy
4. Electrochemotherapy

QUESTIONS?  onco@guardianvet.com

06.05.2022

2

DOGS!!!!!

Sarcomas-what we know!

*15% of all sq/cut cancers

*Associated with:
radiation, trauma, foreign 
bodies (ortho implants) and 
parasites (Spirocerca lupi)

*Older Dogs?

* Over-reported in Large Breeds

*Rhabdomyosarcomas (FCR)

*Local Recurrence

*Overall 20-25% metastatic rate
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What makes them so difficult to control locally?

Surgical Approach to Soft Tissue Sarcomas

Is Surgery Curative?
Locally Invasive

• Insidious, spreading between and 
around fascial planes

• “the neoplastic cells extend to all 
margins and excision is incomplete”

• Overall median survival post surgical 
excision ranges from 1013-1416 days 
(Dennis 2011 Vet Path).  However, the 
biological behavior in these STS is quite 
variable.

• Transition to higher grade upon 
recurrence

3 Tiered scheme for STS

• Grade I  ~10% metastatic rate
• Grade II ~20% metastatic rate
• Grade III ~50% metastatic rate

• Level of cellular differentiation
• Mitotic index
• Degree of necrosis

• Grade II- most common
• Moderate cellular differentiation
• Mitotic count of 7 /10 HPF
• <50% necrosis

• Mitotic rate >/= 9, median survival 6M-
1Y

06.05.2022

4

Soft Tissue Sarcomas

• Fibrosarcomas
• Excluding --histologically low 

grade/biologically high grade
• AKA Fibromas/nodular 

fasciitis/aggressive fibromatosis 
and even chronic inflammatory 
reaction

• Myxosarcomas
• Fibroblast origin
• Mucin in the intercellular matrix

• Peripheral Nerve Sheath Tumor 
(PNST) –nerve sheath origin

• Neurogenic sarcoma, 
neurofibrosarcoma, malignant 
schwannoma, malignant 
neurolemmoma, 
hemangiopericytoma

• Liposarcoma
• Aggessive, metastatic, do not 

arise from pre-existing lipoma

Soft Tissue Sarcomas

• Infiltrative Lipomas
• No anaplasia

• Lymphangiosarcomas
• Moderate to high metastasis
• Edema

• Rhabdomyosarcoma 
• Striated muscle cells
• Young dogs/”botryoid-”

• Leiomyosarcomas/Leiomyomas
• Smooth muscle cells

• Synovial Cell Sarcomas
• Malignant Fibrous Histiocytoma

Staging Soft Tissue Sarcomas

There are 2 " (T)" stages, Primary Tumor
•T1 means the tumor is smaller than 5cm 
across at its widest
•T2 means the tumor is at least 5cm across 
in any direction
 
There are 3 " (N)" stages, Regional 
Lymph Nodes
•N1 means there are cancer cells in at 
least 1 lymph node
•N0 means no lymph nodes have been 
found that contain cancer cells
•NX regional lymph nodes cannot be 
assessed
 
There are 2 "(M)" stages, Distant 
Metastasis
•M0 means there are no signs of cancer 
spread
•M1 means that cancer spread has been 
found.

STAGE I
STAGE II
STAGE III
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Surgical Principles

Treatments for Soft Tissue Sarcomas

*3 CM Margins- Enough??
*Biopsy tracts excised in continuity
*Do Not Shell Out or Peel Out
*Ink Margins/Suture marking
*Change out gloves/instruments
*Recut incomplete margins?

Prognostic Factors:
margins and tumor grade 
(MI vs. PM (ki-67)

“A CHANCE TO CUT IS A CHANCE TO CURE”

Radiation Therapy

Treatments for Soft Tissue Sarcomas

*Standard of Care
*15-20 fractions standard vs. stereotactic X 3
*Anatomic limitations
*Recurrence within the surgical field
*Acute effects and late effects
*Symbiotic with electrochemotherapy 
(ECT)*Front Oncol 2021 Dec 21;11:772144. doi: 10.3389/fonc.2021.772144. 

eCollection 2021.  Role of Electrochemotherapy in the Cutaneous and 
Subcutaneous Metastases From Breast Cancer: Analysis of Predictive Factors t
o Treatment From an Italian Cohort of Patients

*2000 vet paper-48 dogs, 76% five year 
survival

Radiation Therapy

Treatments for Soft Tissue Sarcomas

2020 Apr 1;256(7):783-791.
Evaluation of variables associated with outcomes in 41 dogs with incompletely 
excised high-grade soft tissue sarcomas treated with definitive-intent radiation 
therapy with or without chemotherapy

Abstract
Objective: To evaluate potential prognostic indicators for local recurrence, distant 
metastasis, and survival time in dogs with incompletely excised high-grade soft tissue 
sarcomas (HGSTSs), as defined by a mitotic index ≥ 9, that underwent definitive-
intent radiation treatment (RT; ≥ 48 Gy total dose) with or without adjuvant 
chemotherapy.
Animals: 41 client-owned dogs with HGSTSs treated with surgical resection followed 
by definitive-intent
Procedures: Medical records were reviewed retrospectively, 
Results: The median OST was 981 days, with 1-, 3-, and 5-year survival rates of 85%, 
43%, and 18%, respectively. The median TTP was not reached; however, the mean 
TTP was 1,581 days. Ten of the 41 (24%) dogs developed metastasis, and 8 (20%) 
developed local recurrence. Sixteen of the 41 dogs received chemotherapy. The 
hazard of disease progression over the study period increased as the mitotic index 
(hazard ratio [HR], 1.115) or duration of RT (HR, 1.427) increased. The hazard of 
death over the study period increased as the RT duration (HR, 1.372) or surgical scar 
length (HR, 1.272) increased.
Conclusions and clinical relevance: Although adjuvant chemotherapy was not 
associated with improved survival time in dogs of the present study, results indicated 
that improved OST and TTP could be achieved through strict adherence to the 
prescribed irradiation schedule and avoidance of unnecessary prolongation of the 
course of RT.

06.05.2022
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Chemotherapy

Treatments for Soft Tissue Sarcomas

*15-20% response rate- doxo/mito/VAC
• palliative-
• Metronomic-
*Confirmed metastasis or grade III
*Palladia (Toceranib*) ??  TKI??

Electrochemotherapy

Treatments for Soft Tissue Sarcomas

*Electroporation
*Transient opening of cell membrane
*Apoptosis vs. necrosis
*Various generators/electrodes
• Europe/South America/USA
*Bleomycin, Cisplatin, Calcium

Electrochemotherapy

Treatments for Soft Tissue Sarcomas
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CASE REPORTS

Treatments for Soft Tissue Sarcomas

Sonny 7 Y/O MI Golden Retriever
Grade I STS, margins in mm

Rostral maxillectomy?
Post-op RT
Marginal resection followed by ECT

CASE REPORTS

Treatments for Soft Tissue Sarcomas

Sonny 7 Y/O MI Golden Retriever
Grade I STS, margins in mm

Marginal resection

CASE REPORTS

Treatments for Soft Tissue Sarcomas

Sonny 7 Y/O MI Golden Retriever
Grade I STS, margins in mm

Marginal resection followed by ECT

N-10 4B electrode, Bleomycin 
10mg/m2  8 minute bingo

06.05.2022
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CASE REPORTS- Comparison  > 6 months

Treatments for Soft Tissue Sarcomas

CASE REPORTS

Treatments for Soft Tissue Sarcomas

Barney 6 Y/O MI Whippet
Hemangiopericytoma with 
incomplete margins

Right caudal hock mass
Marginal resection followed by ECT

CASE REPORTS

Treatments for Soft Tissue Sarcomas

Barney 6 Y/O MI Whippet
Hemangiopericytoma with 
incomplete margins

Amputation?
Post-op RT
Marginal resection followed by ECT
> 1 year
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CASE REPORTS

Treatments for Soft Tissue Sarcomas

Recurrence with bulk disease?

Photo Courtesy of Dr. Matias Tellado
(Argentina)
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CASE REPORTS

Treatments for Soft Tissue Sarcomas

Recurrence with bulk disease?

Photo Courtesy of Dr. Matias 
(Argentina)

*What is the cost $$*

*Surgery  $800-$3000+
*Radiation Therapy  $7,000-$11,000
*Chemotherapy $300-$1500 per treatment
*Electrochemotherapy $3000-$4000

Other applications?

Carcinoma
Nasal
Bladder
Hepatic
Immunotherapy

GET
*Telomerase
*HER2
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What do we do?

Grade I --surgery +/- ECT or benign 
neglect

Grade II --surgery +/- ECT or RT+/-
Chemotherapy

Grade III --surgery + ECT or RT + 
Chemotherapy (VAC)

CALL TO ARMS

Collaboration for Soft Tissue Sarcoma 
Research

*K9 
*Stratified by grade
*ECT- needle electrodes
*10 or 15 mg/m2 Bleomycin at 8 minute 
bingo
*time to treat post surgery
*define “incomplete margins”

THANK YOU!   QUESTIONS?

Member of the Scientific Program Committee of
4th World Congress on Electroporation, October 9th to 13th, 2022
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Gene electrotransfer of IL-12: How did the preclinical work help?
 

dr. Urša Lampreht Tratar

06.05.2022
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IL-12 gene 
electrotransfer
How did the preclinical work 
help?

Ljubljana, May 13th 2022

Principles of gene electrotransfer

The use of reporter genes to determine the efficacy of gene electrotransfer to different types
of tissues
The use of therapuetic genes: cancer gene therapy: preclinical and clinical studies

Gene electrotransfer for treatment of cancer
local approach → gene electrotransfer into tumor tissue

local production of proteins –direct effect on tumor cells
The protein can also enter blood stream – effect on distant tumor 
(metastases)

systemic approach → gene electrotransfer into muscle (or 
skin – vaccination)

easily accessible tissues
high capacity for protein synthesis
efficient transfection
long-term expression of transgene (~ 1 year), activation of 
immune response

• therapeutic effects
• suppression of growth of primary and metastatic tumors
• prevention of metastatic spread
• induction of long-term antitumor memory
• prolongation of survival time

Pavlin et al.2008

Skin incision Needle electrodes

Plasmid DNA (encoding 
GFP) injection
into marked area

Application of electric pulses

Use of plasmid encoding GFP (reporter gene)

Assessment of transfection efficiency 

Muscle biopsy performed 2 and 7 days after EP
Transfection efficiency determined on frozen samples using 
fluorescence microscope

a) 1 HV (600 V/cm, 100 µs) + 1 LV 
(80 V/cm, 400 ms) EP1

b) 1 HV (600 V/cm, 100 µs) + 4 LV 
(80V/cm, 100 ms, 1 Hz)

c) 1 HV (600 V/cm, 100 µs) + 8 LV 
(80V/cm, 50 ms, 1 Hz)

d) 8 LV (200V/cm, 20 ms, 1 Hz)
e) 6 LV (100V/cm, 60 ms, 1 Hz)

Material and methods

1 HV + 4 LV

Control

8 x LV 1 HV + 8 LV

2 days after the electrotransfection procedure

7 days after the electrotransfection procedure

Pavlin et al. 2008

Use of plasmid encoding GFP (reporter gene)
Results

Presence of edema at the site of gene electrotransfer

Use of plasmid encoding GFP (reporter gene)
Results

Therapy (dose of
plasmid

Urea(mmol/L) Creatinine
(μmol/L)

SAP
(U/L)

ALT
(U/L)

CK
(U/L)

Reference values 3 – 12.5 60+(1.2 x bw) 25-117 23 - 90 < 249

Dog Nr. 1 100 μg/100 μl; EP 2 5.7 55.6 217 34.3 76.5

Dog Nr. 2 500 μg/500 μl; EP 2 7.2 44.8 160.9 69.8 84.1

Dog Nr. 3 1000 μg/1000 μl; EP 2 4.2 54.4 303.5 26.5 71

Dog Nr. 4 100 μg/100 μl; EP 4 8 72.3 49.2 48.8 66.5

Dog Nr. 5 500 μg/500 μl; EP 4 5.6 125.1 51.3 5.5 48.3

Dog Nr. 6 1000 μg/1000 μl; EP 4 6.3 125.1 88.8 56.1 121.1

Abbreviations: SAP: serum alkaline phosphatase, ALT:
alanin aminotransferase, CK: creatine kinase, bw:
bodyweight

General side effects - Blood biochemistry values of 6 dogs, measured 7 days after receiving single injection of 
plasmid encoding human IL-12, followed by delivery of two different EP protocols
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How did the preclinical work 
help?

Ljubljana, May 13th 2022

Principles of gene electrotransfer

The use of reporter genes to determine the efficacy of gene electrotransfer to different types
of tissues
The use of therapuetic genes: cancer gene therapy: preclinical and clinical studies

Gene electrotransfer for treatment of cancer
local approach → gene electrotransfer into tumor tissue

local production of proteins –direct effect on tumor cells
The protein can also enter blood stream – effect on distant tumor 
(metastases)

systemic approach → gene electrotransfer into muscle (or 
skin – vaccination)

easily accessible tissues
high capacity for protein synthesis
efficient transfection
long-term expression of transgene (~ 1 year), activation of 
immune response

• therapeutic effects
• suppression of growth of primary and metastatic tumors
• prevention of metastatic spread
• induction of long-term antitumor memory
• prolongation of survival time

Pavlin et al.2008

Skin incision Needle electrodes

Plasmid DNA (encoding 
GFP) injection
into marked area

Application of electric pulses

Use of plasmid encoding GFP (reporter gene)

Assessment of transfection efficiency 

Muscle biopsy performed 2 and 7 days after EP
Transfection efficiency determined on frozen samples using 
fluorescence microscope

a) 1 HV (600 V/cm, 100 µs) + 1 LV 
(80 V/cm, 400 ms) EP1

b) 1 HV (600 V/cm, 100 µs) + 4 LV 
(80V/cm, 100 ms, 1 Hz)

c) 1 HV (600 V/cm, 100 µs) + 8 LV 
(80V/cm, 50 ms, 1 Hz)

d) 8 LV (200V/cm, 20 ms, 1 Hz)
e) 6 LV (100V/cm, 60 ms, 1 Hz)

Material and methods

1 HV + 4 LV

Control

8 x LV 1 HV + 8 LV

2 days after the electrotransfection procedure

7 days after the electrotransfection procedure
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• good transfection efficiency of canine skeletal muscle can be achieved with:
1 HV (600 V/cm, 100 μs) followed by 4 LV pulses (80 V/cm, 100 ms, 1Hz) 
8 LV (200 V/cm, 20 ms, 1Hz)

• expression of transgene lasting at least 1 week
• procedure was very well tolerated by the animals
• presence of edema – positive side effect for vaccination and immune therapies

Use of plasmid encoding GFP (reporter gene) Electrogene therapy- gene electrotransfer
of therapuetic genes

•Tumour supressor genes: i.e. p53 - PoP

•miRNA and siRNAs: against k-ras, endoglin, MCAM...

•Cytokines: Interleukin 12 (IL-12); IL-2, IL-15

Interleukin-12 
antitumor 

effect
IL-12 induces activation of
Th1 cells and cytotoxic T 

lymphocytes, NK cells and
activates potent anti-

angiogenic mechanisms

Cemazar et al 2010

Intramuscular mIL-12 gene electrotransfer has good
antitumor effect on subcutaneous solid tumors
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Tevz et al., 2009

Antitumor effectiveness of mIL-12 gene electrotransfer –
intratumoral vs. peritumoral

Intratumoral EGT resulted in high 
level of complete responses (18/20 
tumors) with significant inhibition of 
tumor growth in the remaining 2 
tumors. 
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TIME AFTER GENE ELECTROTRANSFER (days)
0 5 10 15 20 25 30 35 40 45 50 55 60

TU
MO

R 
VO

LU
ME

 (m
m3 )

7

20

30

50
70

200

300

500

10

100

Control i.t. 
EP i.t. 
DNA i.t. 
EGT i.t. (animals with CR - 18/20) 
EGT i.t. (animals without CR - 2/20)

B - PERITUMORAL DELIVERY

TIME AFTER GENE ELECTROTRANSFER (days)
0 5 10 15 20 25 30 35 40 45 50 55 60

TU
MO

R 
VO

LU
ME

 (m
m3 )

7

20

30

50

70

200

300

500

10

100

Control p.t. 
EP p.t. 
DNA p.t. 
EGT p.t. (animals withCR - 3/19) 
EGT p.t. (animals without CR - 16/19) 90% CR 16% CR

Peritumoral EGT resulted in lower 
complete response rate (3/19 
tumors), with remaining 16/19 
showing significant delay in tumor 
growth. 

Pavlin et al. 2009

Gene electrotransfer induces local and systemic release of IL-12 and 
IFN-γ and has antitumor effect on distant untreated tumors
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Intratumoral EGT resulted in 
high level of complete 
responses (18/20 tumors) with 
significant inhibition of tumor 
growth in the remaining 2 
tumors. 

Peritumoral EGT resulted in 16%
complete response rate (3/19 
tumors), with remaining 16/19 
showing significant delay in tumor 
growth. 

Intramuscular EGT resulted in 28%
complete response rate (5/18)
tumors), with remaining 13/18
showing significant delay in tumor 
growth. 

1. i.m. delivery of plasmid, encoding hIL-12

2. i.t. delivery of plasmid, encoding hIL-12

3. peri.t. delivery of plasmid, encoding hIL-12

Use of human IL-12 in dogs:
> 90% homology with canine IL-12 based on aminoacid sequence

biologically active on canine perif. mononuclear cells in vitro

Clinical research - EGT with IL-12 in dogs

Intramuscular delivery of plasmid, encoding hIL-12 in 
canine patients with various spontaneously arising tumors

Patients and methods
7 patients with different histological types of tumors: 

• Mast cell tumors (Mct) (3 pts.)
• Mammary adenocarcinoma (2 pts.)
• Osteosarcoma (1 pt)
• Malignant pulmonary histiocytosis (1 pt)

Plasmid: 
• pORF-hIL12 (Invivogen, Toulouse, France)
• 1 mg/i.m. delivery

EP delivery:

• 1 high voltage pulse (600 V/cm, 100 μs) + 4 low voltage pulses (80 V/cm, 
100 ms, 1 Hz)) 

• Electric pulses generator Cliniporator® (Igea s.r.l., Italy) 
Follow-up:

• 7, 14, 28 days after procedure

Čemažar et al., 2011

Results – i.m. application

patient Patient data Tumor type Therapy hIL-12 
conc.

cIFN-γ conc. Outcome

1 Boxer, 7 years, 
male

Mast cell tumor
Gradus III

Surgery
Chemotherapy
EGT

17 
pg/mL

246.8 pg/mL CR 
(o.p. 36 months)

2 Boxer, 3 years, 
female

Mast cell tumor
Gradus II

Surgery
EGT

n.d. 6.5 pg/ml CR
(o.p. 36 months)

3 Lhasa-apso,
14 years, female

Mast cell tumor
Gradus III
Recurrence after surgery

Chemotherapy
EGT

n.d. 80 pg/ml PD
euth. 6 months 
after the procedure

4 Bernese mountain 
dog
6 years, male

Malignant pulmonary 
hystiocytosis

Chemotherapy
EGT

n.d. 104,2 pg/ml SD
euth. 7 months 
after the procedure

Average survival after surgical therapy in MCT:
Gradus II - 7 – 18 months
Gradus III – 3 - 4 months

- Survival times of all of these patients was significantly longer than reported in literature for respective tumor types 
(but very low no. of patients)

- IL-12 and/or IFN-γ was detected in serum samples of 4 patients at various time points after the procedure

Average survival after surgical therapy in mal. hystiocyosis 
after chemotherapy: 4 months

Čemažar et al., 2011

Intratumoral delivery plasmid, encoding hIL-12 in 
canine patients with mast cell tumors

Patients and methods
11 Mct nodules in 8 dogs
No. of performed EGT sessions:

• 1xEGT in 3/11 nodules 
• 2xEGT in 5/11 nodules
• 3xEGT in 1/11 nodules 
• 4xEGT in 2/11 nodules

Measurements of tumor size
Determination of hIL12 and cIFN-γ in serum 1, 2 

and 4 week after EGT
Surgical removal of tumors in 5/8 dogs → 

histology

Patient Nodule T. volume 
before EGT
(cm3)

clinical stage Post EGT 
therapy

Follow up after 
1st EGT (mon.)

Response at 
the end of 
follow up

1 1 0.25 I / 36 SD Euth., not related to 
MCT

2 1 2.3 I Surgery 24 CR without recurrence

3 1 3.2 II CCNU 
(4 cycles)

12 SD stable disease

4 1 0.6 II ECT 13 CR without recurrence

2 1.2 Surgery CR without recurrence

5 1 2.9 III Surgery 10 CR without recurrence

6 1 0.03 II / 44 SD stable disease

2 0.27 / SD

7 1 25.4 III Surgery 2 PD Euth. due to PD

8 1 0.45 III CCNU 
(3 cycles)

5 PD Euth. due to PD

2 0.03

Results – i.t. application

• Reduction in tumor size in 9/11 tumors for 25-85% of tumor volume
• Detection of both measured cytokines in multiple serum samples:

IL-12 (3/8 patients): 1-12 pg/mL
IFN-γ (3/8 patients): 74-815 pg/mL
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Patient
No. Nodule

T before
EGT

(cm3)

T
after EGT

(cm3)

Dose of 
pIL12
(mg)

IL-12 conc.
(pg/mL)

IFN-γ conc.
(pg/mL) Follow up

(months)

Response
at the end
of follow

upDay 7 Day 14 Day 28 Day 7 Day 14 Day 28

2 1 2.3 2.0 0.5 ND ND 0 815.6 123.0 0 24 CR

3 1 3.2 1.6 2.0 2.3 6.1 12.2 388.1 179.6 164.3 12 SD

4 1/2 0.6 / 1.2 0.3 /0.8 1.6 0 3.7 0 0 ND 0 13 CR

8 1 0.45 0.6 0.2 1.0 0 0 ND 0 0 5 PD

Results – i.t. application

Boxer, dog #2
Pavlin et al., 2011 Serša et al., 2015

ECT

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

• 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 hIL-12, cIFN-ϒ)
• Possible side effects (VCOG toxicity scale)

Electrochemotherapy combined with peritumoral hIL-12 
gene electrotransfer of canine mast cell tumors

18 dogs with 18 MCTs, different breeds, 5-15 years
12/18 clinical stage I, 4/18 clinical stage II, 2/18 clinical stage III

Cemazar et al, 2016
Salvadori et al, 2017

Number %
CR 12 67
PR 4 22
SD 2 11
PD 0

number %
CR 13 72
PR 2 11
SD 1 6
PD 2 11

At the end of observation period – median 40 months

1 month after the treatment

Progressive disease: 
• IV distant metastases
• II 1 dermal MCT, without systemic signs, 

with regional lymph node involvement

Response to therapy correlated with:
- Size of tumor (100% CR with tumors < 2 

cm3)
Histological grade did not affect response

Summary of the response

Cemazar et al, 2016
Salvadori et al, 2017

Treatment response: ECT + EGT peri.t.

Mast cell tumor on the front leg of a dog, treated with a combination of ECT with cisplatin and IL-12 EGT
as part of an ongoing clinical study at our institution. A: a large ulcerated tumor nodule before therapy,
B: one week after the procedure, massive necrosis of the treated area can be seen; C: one month after
the procedure, a cytologically confirmed complete response was achieved.

Before therapy 30.12.2010

Mastocytoma on the head, treatment ECT CDDP i.t. + EGT 1 mg of plasmid
Size of tumor 3x3x2.7 cm  

Treatment response: ECT + EGT peri.t.
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1 week after

3 months after

4 week after2 week after

April 2014 – 3.5 years after treatment

ECT (Kodre et al) EGT (Pavlin et al) ECT + EGT (Cemazar et al.)
No of treated patients 9 dogs

12 MCTs
8 dogs
11 MCTs

18 dogs
18 MCTs

Treatment 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% 0%
median 50% reduction in 
tumor size

72.3%

Recurrance rate 1/9 cured tumors n/a 0/13 cured tumors

Observation 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

Results – tumor control

Survival of client-owned dogs with mastocytoma: 
comparison od different treatment modalities

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

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., 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)

Reduced proliferation and 
microvessels’ density

Immunohistochemistry

Enhanced immune response (increased 
infiltration of T cells and macrophages)

Salvadori et al., 2017

• RT-PCR detection of plasmid DNA in skin swabs of treated reagion at 

different post-treatment intervals

• Assesment of normal bacterial flora on dogs‘ skin prior to therapy

• Assesment of presence of plasmid DNA in isolated bacteria

Safety – preliminary results
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Cemažar et al., 2017

RT-PCR detection of plasmid DNA in skin swabs of
treated reagion at different post-treatment intervals

Immediately after GET: max value 40 ng of plasmid per ml of sample
• 1 week post-treatment: 0.13 ng/ml
• 2 weeks post-treatment: 0.06 ng/ml
• 4 weeks post-treatment: 0.01 ng/ml

In most patients the plasmid pIL-12 was not detectable after 4 weeks

EGT

bacterial
sampling site

bacterial 
sampling site

After 2 days

bacterial 
sampling site

After 7 days

Culturing
on LB and
BA plates

16S rRNA
identification

“in vitro”
transformation
of pORF-hIL-12
into  selected
dog skin strains

PCR screening for
the presence of
pORF-hIL-12 genes
in transformants

Culturing
on LB and
LBAmp plates

16S rRNA
identification

“in vitro”
transformation
of pORF-hIL-12
into  selected
dog skin strains

PCR screening for
the presence of
pORF-hIL-12 genes
in transformants

Culturing
on LB and
LBAmp plates

16S rRNA
identification

“in vitro”
transformation
of pORF-hIL-12
into  selected
dog skin strains

PCR screening for
the presence of
pORF-hIL-12 genes
in transformants

In vitro transformation of pORF-hIL-12 
in bacterial dog skin isolates

time

+

Before therapy

Cemažar et al., 2017

Assesment of normal bacterial flora on dogs skin and
assesment of possible horizontal transfer of pIL-12 into the

isolated strain

Most prevalent residental microorganisms were: 
Bacillus sp., Staphylococcus sp., Rhodococcus sp., 
Microbacterium sp.
Plasmid IL-12 was not detected in any of the residental 
bacteria.
In vitro transformation of plasmid IL-12 into isolated 
strains was negative.

Cemažar et al., 2017

Past clinical studies
Therapeutic gene

Possible improvements

Human

Antibiotic resistance gene
Ampicillin

characteristics

Canine

Kanamycin

specificity

saftey

Plasmid DNA

Therapeutic gene

Antibiotic resistance gene

Improvement of plasmid DNA

pCMVcaIL-12

Lampreht Tratar et al., 2015
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Treating mast cell tumors in dogs 
with electrochemotherapy and 

gene electrotransfer
5th Veterinary Workshop on Electroporation-Based Treatments

Nina MilevojLjubljana, May 2022

Mast cell tumors (MCT)
 Most common canine tumor (21% cutaneous tumors)

 Unpredictable biological behaviour
 Mostly localized

 Locoregional metastasis (lymph nodes) – incidence grade dependent

 ~5 % distant metastasis (liver, spleen, bone marrow)

 Histological grade – most important prognostic factor
 Patnaik (1984) – I-III

 Kiupel (2011) – high/low grade

 Other negative prognostic factors: clinical stage ≥ 2, metastasis to the regional

lymph nodes, MI ≥ 5/hpf, high Ki-67, local recurrence, size ≥ 3cm, ulceration, „high risk
locations“ (mucocutaneous junctions, mucosa, prepuce, scrotum, inguinal area, digits) (Fejös et al. 2021)

Photo courtesy of Filippo Torrigiani

 Treatment of choice – surgery
 Safety margin stage dependent

 +/- Adjuvant or systemic treatment

 Chemotherapy (high grade tumors, other negative prognostic factors)

 Tyrosine kinase inhibitors (toceranib, masitinib)

 When surgery is not feasible (anatomical location) 
 radiotherapy, 

 electrochemotherapy ± gene electrotranfer, 

 tigilanol tiglate (Stelfonta)

Mast cell tumors (MCT) Patient selection
 Patients with grade I-II/low grade MCT

 Located on the head, extremities, mucocutaneous junctions

 Patients with multiple smaller tumors

Treatment procedure
 Perioperative +/- postoperative application of antihistaminic (clemastine, 

clorphenamine)

 Pulse delivery concentrically from the periphery to the center of the tumor
 Chemotherapeutic retention – vascular lock

 Decreased possibility of degranulation

 Analgesia (larger tumors, concurrent biopsies)

 One of the most widely studied and commonly treated tumors
 First report Tozon et al., 2001

 Primary or adjuvant treatment to surgery (Spugnini et al., 2006, 2011)

 ECT with cisplatin compared to surgery (Kodre et al. 2009) 
 Comparable antitumor effectiveness as standard surgical treatment with a longer duration of 

local tumor control

Electrochemotherapy for MCT – what do we know?

 Comparison of ECT modalities (Lowe et al. 
2017)
 CR rates: Postoperative ECT (93%) > 

intraoperative ECT (91%) > ECT only (80%) > 
surgery followed by ECT (recurrent MCT, 64%)

Electrochemotherapy and IL-12 gene 
electrotransfer for MCT – what do we know?

 The rationale behind adding IL-12 GET to ECT
 Improve local antitumor effectiveness (in situ vaccination, 

Serša et al. 2015)

 Delay occurence of MCTs in different locations?

 Systemic antitumor effect?

 ECT combined with peri.t. IL-12 GET 
for canine MCT (Čemažar et al., 2016)

 18 dogs with MCT

 ECT: i.t. cisplatin (no response -> 
bleomycin i.t. or i.v.)

 GET: pORF-hIL-12 peri. t.

• CR 72%*

• 78% of patients with detectable serum IFN-𝛾𝛾
and/or IL-12 levels.

• T-lymphocytes infiltration and vascular
changes in the treated tumors

• Safety: No plasmid DNA intra- or peritumorally
and no horizontal gene transfer

*100% in tumors ≤ 2cm3
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Treating mast cell tumors in dogs 
with electrochemotherapy and 

gene electrotransfer
5th Veterinary Workshop on Electroporation-Based Treatments

Nina MilevojLjubljana, May 2022

Mast cell tumors (MCT)
 Most common canine tumor (21% cutaneous tumors)

 Unpredictable biological behaviour
 Mostly localized

 Locoregional metastasis (lymph nodes) – incidence grade dependent

 ~5 % distant metastasis (liver, spleen, bone marrow)

 Histological grade – most important prognostic factor
 Patnaik (1984) – I-III

 Kiupel (2011) – high/low grade

 Other negative prognostic factors: clinical stage ≥ 2, metastasis to the regional

lymph nodes, MI ≥ 5/hpf, high Ki-67, local recurrence, size ≥ 3cm, ulceration, „high risk
locations“ (mucocutaneous junctions, mucosa, prepuce, scrotum, inguinal area, digits) (Fejös et al. 2021)
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 Safety margin stage dependent
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 When surgery is not feasible (anatomical location) 
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 ECT combined with IL-12 GET for canine MCT (unpublished data)

 Comparison between ECT (historical data), ECT with i.t. IL-12 GET ECT with peri.t. 
IL-12 GET

 Clinical trial: 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 (permission #254-20/2015/7)

pCMVcaIL-
12

Electrochemotherapy and IL-12 gene 
electrotransfer for MCT – in progress Materials and methods

ECT

Tumor 
volume

< 1 cm³ > 1 cm³

CDDP i.t. 
1mg/ml

(1 mg)/ cm3 of 
tumor

(0.5-1 mg) / 
cm3 of tumor

BLM i.v.
3000 IU/ml

BLM i.t.

300 IU/kg

0.5 ml (1500 
IU/cm3)

300 IU/kg

0.5 -1 ml 
(1500 - 3000 

IU/cm3)

Pulse parametes
1300 V/cm 8 pulses

pulse duration 100 μsec
Frequency 5kHz

ECT + GET peri.t. ECT + GET i.t.

Materials and methods

Follow-up visits 1 week 2 weeks 1 month 2 months 3 months 6 months 1 year 2 years

Repetition of the treatment if needed

Response

CR (complete response) Disappearance of all 
target lesions

PR (partial response) > 30% decrease in the
sum of diameters of target
lesions

SD (stable disease) Neither sufficient 
shrinkage to qualify for 
PR nor sufficient increase 
to qualify for PD

PD (progressive disease) > 20% increase in the 
sum of diameters of target 
lesions

RECIST criteria

DFI (Disease-free interval): from the time of CR to the 
time of relapse of the disease (MCT) or the end of 
observation period
PFS (Progression-free survival): time from treatment 
initiation until disease (MCT) progression 
OS (Overall survival):period from the enrolment of the 
patient until the death due to the disease (MCT)

Data ECT ECT + GET 
peri.t.

ECT + GET i.t. p 

Gender 10/18 (56%) F
8/18 (44%) M

21/29 (72%) F
8/29 (28%) M

20/30 (67%) F
10/30 (33%) M 0.41

Age (years) 6.8 7.4 8 0.29

Tumor volume 2.20 cm3 (0.7 cm3 

median); 27 
tumors

2.05 cm3 (0.52 
cm3 median); 57 
tumors

1.14 cm3 (0.33
cm3 median); 54 
tumors

0.27

Clinical stage 15/18 Stage 1
1/18 Stage 2
2/18 Stage 4

22/29 Stage 1
1/29 Stage 2
4/29 Stage 3
2/29 Stage 4

20/30 Stage 1
1/30 Stage 2
9/30 Stage 3

0.74

Previous treatment Not known 26% previous 
treatment (25% 
ECT, 75% surgery)

27% previous 
treatment (100% 

surgery)

/ comparing 
GET groups 
p=0.94

Number of treatments 1.5 (1.0 median) 2.0 (2.0 median) 1.7 (2.0 median) 0.09

Median observation
period

24 months 24 months 24 months 0.336

Preliminary results

Preliminary results – response rate
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Preliminary results – DFI and PFS
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Preliminary results – survival
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• ECT + GET i.t. group had statistically 
significant longer DFI and PFS compared
to ECT and ECT + GET peri.t. groups 

• No difference in survival was observed
between groups.

• ECT group - size was a predictive factor
(cut-off 2 cm3)

Group DFI (average 
months)

PFS (average 
months)

OS (average 
months)

ECT 12.3 (median 14.5) 14.8 (median 
21)

19 (median 24)

ECT + GET 
peri.t.

11.9 (median 12.0) 14.5 (median 
15)

19 (median 24)

ECT + GET i.t. 16.3 (median 19.5) 19.5 (median 
24)

21 (median 24)

Distant untreated tumors

A B

C D

ECT + GET peri.t.
(primary tumor)

ECT + GET i.t.
(primary tumor)

Before treatment 4 weeks

Treatment side effects

 Evaluated according to Veterinary Cooperative Oncology Group toxicity scale (VCOG –
CTCAE)

 No significant local or systemic side effects were noted

 Local erythema was noted at the treatment site and was not considered a side effect

 Prolonged healing or crust formation (up to 8-12 weeks posttreatment) noted in the
ECT+GET i.t. treatment group

Treatment side effects – ECT + GET peri.t.

Before treatment 1 week 1 month 2 months 3 months

Treatment side effects – ECT + GET i.t.

Before treatment 1 week 1 month 2 months 3 months  Electroporation-based treatments are safe, efficient and well tolerated for
treatment of canine cutaneous and subcutaneous MCTs in locations not 
amenable to surgery
 Smaller tumor respond better and need less treatment repetitions, however, size is 

not a limiting factor

 Addition of IL-12 GET results in better local response, disease free interval and
progression free survival
 Intratumoral IL-12 GET may offer longer PFS and DFI than peri.t. IL-12 GET

 The healing and crust resolution may be prolonged (8-12 weeks) in cases treated
with intratumoral IL-12 GET compared to peritumoral application (4 weeks)

 Both treatment modalities might result in a systemic abscopal effect

Conclusions
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 Treatment repetition and optimal plasmid dose
 Combination with other treatment types (TKIs)

 Biomarkers for patient selection and response prediction
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Soft tissue sarcoma in dogs: a novel approach using  
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APPROACH USING ELECTROCHEMOTHERAPY

Filippo Torrigiani 
filippo.torrigiani@unipd.itLjubljana, May 12th, 2022

5th Veterinary Workshop on Electroporation-Based Treatments

SOFT TISSUE TUMOURS IN DOGS
3rd edition of the International Histologic Classification of Tumours of Soft Tissues of Domestic Animals

¡ Soft tissues: extraskeletal connective tissues of the dermis, subcutis and 

fascia, striated smooth muscle, vessels and by convention nerve sheaths 

(stroma of visceral organs not included)

¡ Soft tissue tumours: resemble, arise or have their origin from 
soft tissues ⟶ heterogeneous group named according to differentiation
¡ Fibrous

¡ Adipocytic

¡ Vascular and perivascular

¡ Striated and smooth muscle

¡ Mesothelial

¡ Synovial

¡ Nerve sheath tumours

SOFT TISSUE SARCOMAS IN DOGS-CLASSIFICATION

¡ Soft tissue sarcomas: presumptive malignant tumour types
(resemble, arise or have origin from soft tissue) including
intermediate malignancy

¡ 9 – 15% of cutaneous and subcutaneous tumours
Up to 60% limbs

¡ HIstotypes:
¡ Fibrosarcoma

¡ Peripheral nerve sheath tumours (non-plexus derived)

¡ Liposarcoma

¡ Myxosarcoma

¡ Malignant mesenchymoma

¡ Undifferentiated sarcoma

¡ Pleomorphic sarcoma

¡ Perivascular wall tumours

Group Outcome Example

Benign A
Local excision is almost 

always curative. Metastasis 
never occurs

Lipoma

Benign B
Recurrences occur but are 
not destructive. Metastasis 

never occurs
Infiltrative lipoma, sarcoid

Intermediate A

Local recurrence is 
common and may be 

destructive. Metastasis 
never occurs.

Progressive angiomatosis

Intermediate B

Local recurrence is 
common. Metastasis rare 

unless malignant 
progression. 

Well-differentiated 
liposarcoma

Malignant A Local recurrence common. 
Metastasis occurs

Malignant nerve sheath 
tumours

Malignant B
Systemic disease assumed 

to be present at 
presentation

Appendicular osteosarcoma

Mod. from CL DAVIS 2019

SOFT TISSUE SARCOMAS IN DOGS-GRADING
Tumour grade

¡ Derived from human system (Trojani et al. 1984)
Methodology for determining differentiation, necrosis (and mitotic count) not 
specified (Kuntz et al. 1997)

¡ Prognostic factor for metastasis and recurrence (survival?)

¡ Grade I
Most frequent (up to (66%)
Low recurrence rate (7%)
Low metastatic rate (7-13%)

¡ Grade II
Second most frequent
Intermediate recurrence rate (35%)
Variable reported metastatic rate (7-33%)

¡ Grade III
Least common (7-17%)
High recurrence rate (75%)
High metastatic rate (22-44%)

¡ Grading of incisional biopsies 41% disagreement with final grade
29% underestimation, 12% overestimation (Perry et al. 2012) Mod. from Dennis et al. 2011

Grade I Grade II Grade III

Courtesy of Veterinary Anatomical Pathology Diagnostic Services of the Dept. of Comparative Biomedicine and Food Science of the University of Padova

SOFT TISSUE SARCOMAS IN DOGS-MARGINS

¡ Locally invasive (expansile and infiltrative)

Histological margins

¡ Guidelines International Histologic Classification of 
Tumours of Soft Tissues of Domestic Animals 3rd ed.

¡ Residual (R) tumour classification scheme (American 
Joint Committee on Cancer and WHO) - 3 categories:

¡ R0 (complete histologic excision, histologic tumour-free margin 
> 0 mm)

¡ R1 (incomplete histologic excision)

¡ R2 (intralesional resection with residual grossly evident disease)

¡ Margins inking recommended

¡ Pseudocapsule
Mod. from Bray 2017
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SOFT TISSUE SARCOMA-TREATMENT

¡ Surgery

¡ 2-3 cm + deep fascial plan

¡ Intralesional

¡ Marginal

¡ Radiotherapy

¡ Adjuvant

¡ Neoadjuvant

¡ Alone

¡ Chemotherapy (MTD & metronomic)

¡ Adjuvant

¡ Neoadjuvant

Courtesy of Ron Lowe

STS TREATMENT REVIEW

Treatment Cases Recurrence rate Reference

Orthovoltage radiotherapy + low dose doxorubicin on microscopic 
disease

39 18% Simon et al. 2007

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

Marginal surgery 35 10.8% Stefanello et al. 2008

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

Surgery 139 0 – 23% McSporran 2009

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

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

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

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

Hypofractinated radiotherapy on microscopic disease 48 - Kung et al. 2016

Marginal surgery + intralesional cisplatin (beads) 62 29% Bergman et al. 2016

Stereotactic body radiotherapy 35 - Gagnon et al. 2020

Incomplete surgery + Radiotherapy +/- chemotherapy 41 20% Crownshaw et al. 2020

CO2 laser surgery vs surgery 24 - Agulian et al. 2020

Stereotactic body radiotherapy 52 - Tierce et al. 2021

Neoadjuvant therapy 2-AEH2F 11 - Ferreira de Castro et al. 2022

Surgery +/- Radiotherapy +/- chemotherapy 52 19.2% Paulos et al. 2022

ELECTROCHEMOTHERAPY IN CANINE SARCOMAS

• 22 dogs with incompletely excised high grade sarcomas

• Two ECT sessions

• Intra-tumour bleomycin

• ECT: biphasic pulses, 1300 V, 1 Hz

• ORR 95%

• Recurrence 8/22 (36.3%), median time to recurrence 730 days

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

In Vivo. Sep-Oct 2007;21(5):819-22.

ELECTROCHEMOTHERAPY IN CANINE SARCOMAS/2

• Eleven-years old Belgian Malinoi

• Recurring grade III sarcoma on the elbow

• 1st treatment hyaluronidase + ECT with intra-tumour bleomycin

• 2nd treatment marginal surgery + intraoperative ECT with intra-

tumour bleomycin (dirty margins)

• Follow-up 24 months → no local recurrence, no metastasis The Veterinary RecordVol. 162, Fasc. 6, (Feb 9, 2008): 186.

AIM OF THE STUDY

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

RECRUITMENT AND STAGING

¡ Retrospective study: 54 dogs with STS (2004 – 2016)

¡ Purebred 73.1%
¡ Labrador retrievers and Staffordshire bull terriers

¡ Median age 9.1 years

¡ Patient staging:

¡ Physical examination

¡ CBC, SB, UA (general anaesthesia)

¡ FNA of reginal lymph node

¡ 3-view thoracic x-rays

Courtesy of Ron Lowe
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TUMOUR LOCATION & SIZE

¡ Tumour location

¡ Limbs (42/54, 77.8%)

¡ Trunk (7/54, 13.0%)

¡ Head (5/54, 9.2%)

¡ Median tumour size 4.3 cm (0.4 to 17 cm)

¡ Median size of STSs affecting the limbs 4.5 cm

¡ No lymph node nor distant metastasis at presentation

METHODS – ECT PROCEDURE

¡ 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

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

TUMOUR GRADING & MARGINS

¡ Tumour grading available in 44 cases (44/50, 88% of surgery + ECT) 
¡ 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) 
¡ Incomplete margins (35/37, 94.5%)
¡ Complete margins (2/37, 5.5%)

TOXICITY ASSESSMENT
6-piont subjective scale to assess local side effects 

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

Point 3 – 5 → SEVERE TOXICITY

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

ECT TREATMENT AND RESPONSE

¡ 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%) 

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)

DISEASE FREE INTERVAL

¡ 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

LOCAL TOXICITY

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

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

¡ Simčič et al. 2019 mild toxicity in 91.6% of cases

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

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

¡ ECT alone could be considered for smaller STSs

¡ Multiple ECT treatments better results?

¡ ECT for pseudocapsule sterilisation?
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Treating oral tumors in dogs with electrochemotherapy  
and gene electrotransfer  

 
dr. Ana Nemec

02/05/2022

TREATING ORAL TUMORS IN DOGS 
WITH ECT AND GET

Ana Nemec
May 2022

TEAM WORK

and thank you to many other collaborators on the projects

Incidence 0.5% in dogs and same in cats
 1996-2017, 10 universities, 1.810 dogs and 443 cats 

Dogs 
 53.6% malignant, 25.4% benign 

 The rest unspecified or a histological diagnosis was not available

 Median age 10.0 years, median weight 28.7 kg

Cats
 58.1% malignant, 2.5% benign 

 The rest unspecified

 Median age in cats 12.8 years, median weight 4.4 kg

Malignant tumours in dogs and cats the most common
 32.06% (OMM) dogs and 21.91% (SCC) cats

Cray et al. 2020, Gieger and McEntee 2020, Mikiewicz et al. 2019, Kipp 2018, Stebbins et al. 1989, Todoroff and Brodey 1979

INCIDENCE OF ORAL TUMORS TREATMENT OPTIONS: AN OVERVIEW

Team approach to multimodal treatment!
 (Oral) surgeon, dentist, radiation oncologist, medical oncologist, internal medicine specialist, imaging specialist, pathologist

 Surgery
 Radiation therapy
 Chemotherapy
 NSAIDs
 Electrochemotherapy
 Immunotherapy

 Melanoma vaccine
 Suicide-gene therapy

 Gene electrotransfer

 Photodynamic therapy

Hansen and Kent 2019

SURGERY STILL THE GOLD STANDARD

Gold standard for operable tumors
 Otherwise consider what surgical goal is

 Know, when not to operate and when to refer

 Consider function (dogs vs. cats) and cosmesis

Hansen and Kent 2019

RADICAL SURGERY IN CATS? YES! BUT …

Maxillectomy 
 Intraoperative and postoperative complications in 10 (16.7%) and 34 (56.7%) cats
 Hyporexia (20.0%) and incisional dehiscence (20.0%) the most common, median duration of hyporexia 7 days
 The 1- and 2-year survival rates, respectively, 100% and 79% for cats with benign tumours, 89% and 89% for cats with malignant tumours

(Radical) mandibulectomy
 72% cats dysphagic or inappetent immediately postoperatively

 12% never regained the ability to eat

 83% (of the 30) owners satisfied with the outcome of mandibulectomy

 Independent food intake achieved in 6/8 cats
 Aggressive supportive care perioperatively

 Ethical questions raised
 The ethics of surgery – decision making and patients advocacy

 The paradox of veterinary surgical oncology

Boston 2021, Fugazzola 2021, Liptak et al. 2020, Boston et al. 2019, Northrup et al. 2006
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SURGICAL MARGINS: WHAT SHALL WE ATTEMPT?

Curative-intent surgery: 2 cm tumor-free gross margin (clinical + advanced imaging)Sarowitz et al. 2017

3-D PRINTING AND SURGICAL PLANNING

From: Thomson et al. 2020, 
https://www.frontiersin.org/articles/10.3389/fvets.2020.569747/full

RADIATION THERAPY

Adjunct therapy for incompletely resected tumors
 Primary option in the treatment of nasal tumors

Heavily reliant on imaging for treatment planning
 Identify and map out target volumes and critical normal structures to maximize 

dose to the tumor and minimize dose to the surrounding normal structures

From: Hansen and Kent 2019, 
https://www.frontiersin.org/articles/10.3389/fvets.2019.00090/fullHansen and Kent 2019

RADIATION THERAPY 

Consider early and late side effects
 Mucositis
 Radiation-related osteonecrosis of the jaw

Protocols for oral health management needed

RADIATION THERAPY

Chemoradiotherapy
 Multimodal (medical anti-angiogenic + radiotherapy) approach to oral squamous cell carcinoma (SCC) in cats

 Bleomycin, piroxicam and thalidomide +/- accelerated hypofractionated radiation therapy (48Gy in 10 fractions)

 Overall median progression-free interval (PFI) and median overall survival (OS) poor (70 days, 89 days), in the +rtx cats significantly longer (179 
days, 136 days) 

 In 29.6% +rtx cats severe toxicity → protocol cannot be recommended

Nanotechnology-based immunotherapy and radiation

Marconato et al. 2020, Hoopes et al. 2018

IMMUNOTHERAPY

Proteau et al. 2022, Hardwick 2021, Nordio et al. 2021, Guillen et al. 2021, Camerino et al. 2021, Porcellato et. al 2021, Porcellato et al. 2020



Abstract book with handouts 5th Veterinary workshop on electroporation – based treatments

    Ljubljana, 12th – 13th May 2022

97

02/05/2022

CHEMOTHERAPY
Generally not very helpful for oral and 
maxillofacial tumors
 Metastasis, tonsillar SCC 

 Inoperable tumors, if client does not want RTX

Metronomic chemotherapy
 Low-dose cyclophosphamide dogs with oral/maxillofacial tumors

 Clinical benefit 6/12 (50%) patients 1 month, 4/12 (33%) 3 months after treatment initiation

 MST 155 days (21–529 days)

 Sterile hemorrhagic cystitis side effect of treatment in 4/12 (33.3%) dogs

Milevoj et al. 2022, Hansen and Kent 2019, Setyo et al. 2017, Leo et al. 2014, Biller 2014

ELECTROPORATION-BASED TREATMENTS
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ECT + GET FOR OMM IN DOGS

Milevoj et al. 2019

Week 4 10 monthsWeek 0 (1st therapy)

ELECTROPORATION-BASED TREATMENTS

Safe, simple, fast and cost-effective treatment alternatives 

Most effective in small squamous cell carcinoma and malignant melanoma tumors not 
involving the bone in dogs

 Very little data for cats

Optimization of treatment protocols, improvement in clinical data reporting and 
better understanding of the mechanisms of patients' response to the treatment 
needed

 Clear criteria for staging oral/maxillofacial tumors still lack – difficulties evaluating potential systemic response to GET

Nemec et al. 2020

THANK YOU ana.nemec@vf.uni-lj.si



Abstract book with handouts 5th Veterinary workshop on electroporation – based treatments

    Ljubljana, 12th – 13th May 2022

99

Contrast-enhanced ultrasound as predictive factor for  
electrochemotherapy and gene electrotransfer in canine  

cutaneous and subcutaneous tumors  
 

dr. Maja Brložnik

1

Maja Brložnik

5th Veterinary workshop on electroporation-based treatments, 
13 May 2022

Dynamic contrast-enhanced ultrasound (DCE-US):

- simple, readily available, non-invasive, safe, inexpensive method for assessing 
tissue perfusion at capillary level 

- correlated with histological results of vessel density in preclinical and clinical 
studies 

- for prediction of efficacy of antiangiogenic treatments of various tumors in 
preclinical and human clinical trials

- DCE-US results correlated with results of advanced diagnostic imaging

INTRO DU CT IO N 
I

1

Contrast agents used in DCE-US

- gas-filled microbubbles in lipoprotein shell (⌀ 1–
3μm) 

- capillary filling        diffuse enhancement of 
perfused tissue

- most of contrast excreted through lungs within 
20min after administration

- contraindications: pulmunary hypertension &
impaired cardiopulmonary function

- in large number of dogs with DCE-US, <1% 
developed an immediate or delayed adverse
effects 2

INTRO DU CT IO
N I I

3

- effective treatments for:  
cutaneous, subcutaneous, maxillofacial tumors in  

dogs 
SCC in cats
cutaneous tumors in ferrets
sarcoid tumors in horses

- ECT = standard of care for various human 
cancers:    

cutaneous and subcutaneous tumors (melanoma, 
SCC,  

basal cell carcinoma, and other metastases); 
hepatocellular carcinoma and colorectal liver 

metastases; 
pancreatic neoplasia; and others
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- still lack of data on parameters that might predict treatment outcome

- for EP-based treatments, it could be assumed that therapy should be 
repeated if it does not reflect in expected “vascular lock” immediately 
after treatment and/or anti-angiogenic effects  (“vascular disrupting 
effect”) in days after

- AIM OF STUDY:  to investigate whether DCE-US results from 
subcutaneous tumors correlate with treatment outcomes in dogs 
treated with ECT combined with GET pIL-12

INTRO DU CT IO N 
IV
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repeated if it does not reflect in expected “vascular lock” immediately 
after treatment and/or anti-angiogenic effects  (“vascular disrupting 
effect”) in days after

- AIM OF STUDY:  to investigate whether DCE-US results from 
subcutaneous tumors correlate with treatment outcomes in dogs 
treated with ECT combined with GET pIL-12

INTRO DU CT IO N 
IV
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- 8 dogs with 12 cutaneous and subcutaneous tumors 
(11 mast cell tumors and one neurofibrosarcoma) 
treated with ECT (BLM/CDDP) and GET pIL-12;

- 6 dogs had one tumor and two dogs had three tumors 

METHO DS 
I

5

Design and setting

6

ECT combined with GET 
pIL-12

- CliniporatorTM;                                 
plate, hexagonal, or needle 
electrodes

METHO DS 
I I

- selection of 
electrode type, 
voltage, 
duration, and 
frequency of 
electrical 
pulses based 
on ECT and 
GET studies

- contrast agent Sonovue (Bracco, Italy), cephalic vein, 0.5–1.5mL per dog 

(<10 kg: 0.06 mL/kg, 10–20 kg: 0.05 mL/kg, 20–30 kg: 0.04 mL/kg, and >30 kg: 0.03 
mL/kg)

7

DCE-
US

METHO DS 
I I I

- in all animals before and immediately after therapy as well as 8 h and 1, 3, and 
7 days later

- ultrasound scanner Resona 7 (Mindray, China)

- linear probe L11-3u with a frequency of 3–10 MHz
- low mechanical index harmonic non-linear ultraband

contrast imaging
- from the time of contrast application, a 90-s 

recording made

- dogs closely monitored for adverse effects

- Dicom files imported into free software VueboxTM (Bracco, Italy) 

- each tumor carefully delineated; 2 regions of interest (ROIs), each 
representing half of the tumor and reference region representing the tissue 
below the tumor drawn

- arrival time (AT) manually selected and for each of perfusion curves following 
recorded: basic intensity (BI), peak intensity (PI), and time to peak (TTP); peak 
enhancement (PE) calculated as difference between PI and BI

8

METHO DS IV

sig
na

l i
nt

en
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y 
(a
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.)

PI

BI

time

TTP
PE = PI – BI

AT

ROI1 ROI2

reference region
Quantification of tumor perfusion

Clinical follow-up examinations

- measurement of three perpendicular tumor dimensions 
- at 7 and 14 days, 1 and 6 months and 1 year after treatment

- tumors classified as

9

METHO DS 
V

having complete response 
(CR)

not having complete response 
(non-CR)

partial response (PR)
(at least 30% decrease in tumor size)

progressive disease (PD)
(> 20% increase in tumor size)
stable disease (SD)
(neither sufficient shrinkage to qualify for 
PR nor sufficient increase to qualify for PD)

RECIST and iRECIST 
criteria

- statistical software R: normality of data tested with Shapiro Wilk test
- data not normally distributed             Wilcoxon rank-sum test 
- statistical significance set at 5%

10

Statistical analysis

METHO DS 
VI
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- size of tumors: 0.004 - 23.0 cm3 (median 
0.32 cm3)

- median baseline tumor volume not 
different between CR and non-CR tumors

- none of the DCE-US parameters correlated 
with baseline tumor volume

11

Response to therapy

- seven tumors with CR in six dogs
- five tumors without CR in four dogs 

(3 classified as PD and 2 as PR)

RESULTS I

12

DCE-US

RESULTS 
I I 𝑃𝑃𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃

13

DCE-US

RESULTS I I I

14

DCE-US

RESULTS IV
𝑇𝑇𝑇𝑇𝑃𝑃�� 𝑃 𝑃 �����

����
� 100𝑃 𝑃 100

15

𝑃𝑃𝑃𝑃���𝑃𝑑𝑑𝑑𝑑𝑑𝑑�� 𝑃 𝑃 ��𝑃���������𝑃������
(��𝑃���������𝑃������)/�

� 100
DCE-US

RESULTS V

- significant difference in DCE-US 
results between CR and non-CR 
tumors consistent with human 
studies that have shown DCE-US 
results to be a useful tool for 
predicting the efficacy of other 
antiangiogenic treatments in various 
tumors

16

DISCUSS IO N 
I

- perfusion decreased after therapy in all CR tumors consistent with previously 
described “vascular lock and vascular disrupting action” of EP-based therapies

- decrease in tumor perfusion greater in CR compared with non-CR tumors, 
supporting assumption that therapy is more likely to be effective if it is reflected in 
immediate “vascular lock”
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9 tumors treated with GET pIL-12:
- decrease in wash-in area under the curve 

and wash-in rate was observed at days 8 
and 35 compared to baseline (consistent with 
results of our study)

17

5 tumors treated with GET pIL-12 in 
combination with metronomic 
cyclophosphamide: 
- decreased PE and prolonged TTP 35 days 

after treatment (consistent with our results)

- increase in PE 8 days after treatment
(in contrast to our results)

DISCUSS IO N 
I I

DCE-US results in canine spontaneous tumors:

18

Tumor perfusion heterogeneity
- difference between CR and non-CR tumors in our study indicates a possible 

predictive value of perfusion heterogeneity in therapies based on 
antiangiogenic effects

- similar results: DCE-CT in human 
hepatic neoplasia treated with 
antiangiogenic therapy; reduced 
perfusion heterogeneity correlated with 
better local tumor control and longer 
survival

- in contrast: DCE-MRI in human cervical 
cancer treated with radiotherapy and 
chemotherapy; decreased perfusion 
heterogeneity correlated with poorer 

DISCUSS IO N 
I I I

Perfusion and perfusion heterogeneity evaluated with DCE-US 

- associated with treatment outcome in canine tumors treated with ECT and GET 
pIL-12 

useful for predicting results of antiangiogenic treatments,                              
cannot be used for all types of anticancer therapy 

- simple and safe method to assess tumor perfusion;                                                                     
can be easily repeated during and after treatment 

- next clinically applicable step: to investigate the predictive ability of DCE-US to 
distinguish between CR and non-CR tumors 

19

CONCLU S IO
N

to evaluate if and when the therapy should be 
repeated

Thank you for your 
attention!

NO COFFEE  NO ECT

COFFEE BREAK
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How to talk with owners about electrochemotherapy and  
gene electrotransfer?  

 
prof. dr. Nataša Tozon

HOW TO TALK WITH OWNERS ABOUT 
ECT and GET

N Tozon

Veterinary Faculty, Small Animal Clinic, Ljubljana
Slovenia

5th Veterinary Workshop on 
Electroporation-Based Treatments

12 – 13 May 2022

ECT

When to suggest:
 relatively small tumor nodule/s
 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)

 bleeding tumors

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)

check the understanding:
 local treatment
 show picture (1-2-4-…weeks after th)
 instruct about wound care
 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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