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Abstract

Article history:

Electroporation is a technique that increases the uptake of chemotherapeutic drugs by
tumors. Electrochemotherapy (ECT) has been successfully used to treat solid tumors. Recently,
novel applications have been explored in the treatment of visceral tumors. This report aimed to
describe the ECT as an approach to vesical carcinoma in three dogs. The patients received ECT
with bleomycin as an intravenous bolus and intra-lesional cisplatin (cases 2 and 3). The ECT
was performed by electroporator (Onkodisruptor®) using a plate and/or a single pair needle
array electrode. Case 1 was a 7-year-old female Pitbull dog with a history of hematuria and
stranguria. The ECT was performed during cystotomy using a single pair array electrode.
However, the patient developed uroabdomen two days post-ECT and died 5 days later. Case 2
was a 12-year-old female Poodle dog with hematuria, dysuria, and pollakiuria. Cystotomy and
ECT were performed using plate array electrodes. Complete remission of the intra-luminal mass
was observed 11 days post-ECT. However, 21 days after the procedure, an acute unilateral renal
failure occurred possibly due to a neoplastic embolus into the right ureter leading to kidney
hydronephrosis, and the patient was euthanized. Case 3 was a 10-year-old female Cocker dog
with hematuria and pollakiuria. The patient was fully competent after ECT without clinical signs
of pollakiuria and recovered from hematuria 7 days post-ECT. The bladder returned to normal
status 28 days post-ECT. The ECT was not able to increase the overall survival of the patients
evaluated and should be indicated carefully.
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Introduction
Electrochemotherapy (ECT) is a non-thermal ablative
technique that combines high-intensity electric pulses
(electroporation) with antineoplastic drugs, enhancing
their effects by increasing cellular uptake.1 In human and
veterinary medicine, ECT has been widely used due to its
high efficacy in solid cutaneous and subcutaneous tumors
and more recently in visceral tumors including thymoma,
liver and pancreatic carcinoma.1-7
In vivo studies conducted in mice with implanted
human bladder cancer supported the effectiveness of ECT

in this tissue since reported response rate after ECT was
100% and 47.00% using mitomycin C and cisplatin,
respectively.8 In dogs, urinary bladder tumors account for
about 2.00% of all canine tumors, being transitional cell
carcinoma (TCC) the most common histological subtype.9
In the bladder, TCC locates typically in the trigone region
and commonly involves the urethra or prostate.9,10 One of
the main challenges for TCC is the local control since
complete excision is often unfeasible in dogs with urethral,
prostatic, or ureteral involvement.
Usually, systemic chemotherapy (i.e., mitoxantrone,
vinblastine, and carboplatin) is the standard-of-care
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treatment for TCC in combination with non-steroidal antiinflammatory drugs (NSAIDs) with median survival times
of 6 to 12 months. Surgery, when possible, and other
options including radiation therapy, laser ablation, and
stenting may improve survival.9
This case report aimed to describe the clinical
outcomes from three cases of canine TCC treated with
ECT using bleomycin or bleomycin in combination with
intratumorally cisplatin.

urine leakage from the bladder wall. Emergency care was
instituted and the patient was referred to surgery, where
severe hemorrhagic fluid was drained from the abdominal
cavity. The bladder presented a dark region on the wall
suggestive of necrosis (Fig. 1), which was surgically
removed, but the patient died 5 days later. Necropsy was
not authorized by the owner.

Case Description
All animals included in this study were client-owned
and informed consent was obtained before any treatment.
All dogs presented T2 staging (tumor invading the bladder
wall) and owners declined partial or total cystectomy
and/or conventional chemotherapy treatment schedule
(as first-line treatment). We followed recommendations
for reporting clinical studies on ECT.11 All patients received
ECT under general anesthesia and bleomycin (Bleocris®;
Gador, Buenos Aires, Argentina) at a dosage of 15 unit per
m² intravenously (IV). Five min after administration, five
trains of eight biphasic pulses at the voltage of 800 V per
cm, 1.00 Hz frequency, lasting 50 + 50 µsec with 300 µsec
interpulse (total treatment time per train 3.20 ms) were
administered using a clinical electroporator certified for
veterinary application (Onkodisruptor®; Biopulse Ltd.,
Naples, Italy) using a plate and/or a single pair needle
array electrode until complete coverage of the lesion.
Cases 2 and 3 received intra-lesional cisplatin (C-platin®;
Blau Laboratory, São Paulo, Brazil) at a dose of 1.00 mg per
cm³ in addition to bleomycin. The bladder tumor volume
was calculated using the following formula:
V (cm3) = ab² π/6
where, a is the larger diameter of the tumor nodule and b
is the diameter of the tumor nodule perpendicular to a, as
previously described.12 For response evaluation, the
reported criteria in solid tumors were used.13
Case 1. A 7-year-old female Pitbull dog was presented
with a history of hematuria and stranguria. On physical
examination, the patient presented abdominal distention
and a palpable mass on bladder topography. Abdominal
ultrasound showed a thick and irregular bladder wall and
a mass (unmeasurable) in the trigone region. A biopsy
sample was collected through cystoscopy. The thoracic
radiograph revealed normal lungs. The histopathology
reported a non-papillary infiltrative TCC. According to the
World Health Organization staging system14, the patient
has corresponded to the histological staging method of
T2N0M0. The owner declined conventional chemotherapy
and opted for ECT. The ECT was performed using a single
pair array electrode after tumor visualization by
cystotomy. The animal developed uroabdomen two days
post-ECT; characterized by abdominal distention and

Fig. 1. A 7-year-old female Pitbull dog diagnosed with transitional
cell carcinoma. A) Note the adherence of epiploon around the
external wall of the bladder (arrow) with a hemorrhagic-dark
lesion on it. B) Partial rupture with urine leakage (arrow).

Case 2. A 12-year-old female Poodle dog was
presented with a non-papillary infiltrative TCC in the
trigone region of the bladder treated previously for two
months with vinblastine at every 14 days (2.50 mg per m²;
IV) and piroxicam (0.30 mg kg-1 once daily, orally) until
progressive disease. Clinical signs involved hematuria,
dysuria, and pollakiuria. The ECT treatment was
suggested. On abdominal ultrasound, the tumor was
measured 2.00 × 1.76 cm, and a thick bladder wall in the
trigone region with no hydronephrosis was observed (Fig.
2A). The histological staging method has corresponded to
T2N0M0. The ECT was performed using plate array
electrodes (Fig. 2B). Tumor volume was 3.24 cm³
corresponding to 3.20 mL of intra-lesional cisplatin. Case 2
showed complete remission 11 days post-ECT on
ultrasound (Fig. 2C), however, a sacculation was observed
lateral to the vesical bladder in addition to an embolus
(hyperechogenic mass without an acoustic shadow of 0.34
cm) inside right ureter leading to kidney hydronephrosis
with dilatation of renal pelvis (1.50 cm). Because of high
suspicion of vesical fistulae, a new exploratory surgery
was performed confirming that sacculation was the
dilatation of right ureter without evidence of primary
tumor exhibiting only necrotic tissue (Fig. 2D). The
embolus was released manually through gentle squeezing
of the right ureter towards the vesical lumen confirming
neoplastic necrotic embolus. The patient was fully
competent after the procedure without clinical signs of
hematuria. However, 21 days after the procedure the
patient developed acute renal failure and pancreatitis. The
acute unilateral renal failure was suspected to be a
consequence of a neoplastic embolus as previously
visualized on the ultrasound exam. Unfortunately, the
owner chose euthanasia and necropsy was not performed.
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Fig. 2. A 7-year-old female Poodle dog diagnosed with transitional cell carcinoma (TCC). A) Ultrasound image showing TCC in the trigone
region. B) Intra-operative electrochemotherapy (ECT) procedure applying 800 V per cm electric pulses on the bladder mass. C) 11 days
post-ECT showing complete remission of intra-luminal mass, but the thickness of the bladder wall can be observed (calipers). D)
Macroscopic aspect of the bladder with necrotic tissue having no macroscopic evidence of tumor.

Case 3. A 10-year-old female Cocker dog was referred
with non-papillary infiltrative TCC in the trigone region
(3.26 × 1.60 cm) with evidence of neoplastic emboli in
lymphatic vessels. No hydronephrosis was detected.
Clinical signs included hematuria and pollakiuria. The
histological staging method has corresponded to T2N0M0.
The oral firocoxib was prescribed (5.00 mg kg-1, SID;
Merial, São Paulo, Brazil). However, disease progression
occurred one week afterward, and the owner elected ECT.
Tumor volume was 4.00 cm³ corresponding to 4.00 mL of
intra-lesional cisplatin. The ECT was performed using a
plate and a single pair array electrode (Fig. 3). The patient
was fully competent after ECT without clinical signs of
pollakiuria and recovered from hematuria seven days
post-ECT. Meloxicam (0.10 mg kg-1, once daily; Ourofino,
Cravinhos, Brazil) administration was maintained after
the procedure for seven days. On the ultrasound
examination after seven days, a thick bladder wall due to
inflammation or tumor infiltration was visualized. Twelve
days after ECT, abdominal discomfort and urine
incontinence were observed on physical examination. Oral
oxybutynin (0.20 mg kg-1, BID, five days; Apesen
Laboratory, São Paulo, Brazil) was pre-scribed and the dog
showed improvement of clinical signs. In this case, urine
incontinence can be a result of the overactive bladder
after ECT procedure due to intense inflammatory process
and edema that may lead to the bladder wall smooth
muscle involuntary spasms, which resolved with an
antimuscarinic drug. A new ultrasound was performed
20 days after the procedure and showed no evidence of
intra-luminal mass and a lower bladder wall measuring

0.60 cm (1.60 cm in the previous exam). The bladder
returned to normal status 28 days after the ECT
procedure (Fig. 4).
Forty days after ECT, the patient presented circling,
head pressing, seizures, and epistaxis. The patient was
suspected of cerebral metastasis due to evidence of
neoplastic emboli in lymphatic vessels on previous
histopathological results. Unfortunately, the patient died
and partial necropsy was allowed only in abdominal and
thoracic cavities. No macroscopic lesion was observed in
any organ (Fig. 5), confirming a complete remission after
ECT treatment in this case.
Discussion
Survival time of cases 1, 2, and 3 were corresponded
to 5, 30, and 40 days, respectively. The effectiveness of
ECT with bleomycin and/or intra-lesional cisplatin in
bladder cancer may promote local control as observed in
cases 2 and 3. Limitations of these case series included
the lack of a control group to compare response rates and
survival times with mainstay treatments and the absence
of histopathological biopsies after the procedure. In case
1, it was believed that the bladder necrosis may have
occurred because of an extensive neoplastic lesion (14.00
×13.00 cm approximately). A large tumor burden in the
bladder wall may be a risk factor for bladder wall
necrosis after ECT. The fact that the tumor infiltrates the
muscular layer and produces wall induration (stage 2)
indicates that after cell death, cellular cohesion can be
lost, resulting in leakage of urine to the abdomen.

Fig. 3. A 10-year-old female Cocker dog diagnosed with non-papillary infiltrative transitional cell carcinoma in the trigone region. A)
Ultrasound exam revealed a mass with mixed echogenicity in the bladder. B) The total exposure of the bladder through cystotomy to
perform a correct application of electrochemotherapy (ECT) electric pulses. C) Intra-operative application of intra-lesional cisplatin (1.00
mg per cm³). D) The ECT procedure with a single pair electrode applying 800 V per cm of electric pulses.
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Fig. 4. Longitudinal and transversal ultrasound of the bladder in a Cocker diagnosed with transitional cell carcinoma (case 3). A) Tumor
before the procedure. B) Seven days after the procedure, the thickness of the bladder wall suggestive of edema and inflammatory process.
C) 28 days after electrochemotherapy procedure with complete remission of the tumor.

use in canine bladder tumors. Further investigations are
warranted to standardize ECT for bladder TCC and to
identify patients that will benefit from this approach.
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Fig. 5. Urinary system necropsy of case 3. No macroscopic
alterations regarding transitional cell carcinoma were observed
in A) kidneys, and B) internal or external bladder and ureter.

In case 2, complete macroscopic remission after ECT
was confirmed, suggesting that ECT may be beneficial
regarding local tumor control, as seen in other carcinomas.
A neoplastic embolus is a risk factor of organ dysfunction
as seen in this case, however, tumor invasion or a de novo
lesion in the right ureter cannot be ruled out. Lesions
involving ureters can be difficult to treat by ECT;
therefore, ureter involvement evaluation is suggested
before any ECT attempt.
According to Vásquez et al.,8 ECT could be used
immediately after transurethral bladder tumor resection
or if recurrence is observed. Another interesting use of ECT
is in cases of hemorrhagic tumors to stop bleeding.15 New
electrodes adaptable to cystoscopes are in demand for a
better approach to bladder cancer to avoid open surgeries,
diminishing anesthesia volume, and recovery time.
In conclusion, it can be suggested that ECT may exert
local control of TCC in bladder resulting in clinical
responses. Dogs being treated with ECT may also need
systemic chemotherapy as metastatic diseases continue to
be a concern in TCC. Taking into consideration the possibility
of partial bladder wall rupture and hydronephrosis,
careful patient choice and frequent monitoring are needed
for this procedure as observed in these case series. The
main key clinical message from this research is to warn
practitioners that careful management using ECT is needed
since no prospective study has been published about its

The authors declare that there is no conflict of interest.
References
1. Spugnini EP, Baldi A. Electrochemotherapy in
veterinary oncology: State-of-the-art and perspectives.
Vet Clin North Am Small Anim Pract 2019; 49(5):
967-979.
2. Edhemovic I, Gadzijev EM, Brecelj E, et al.
Electrochemotherapy: A new technological approach
in treatment of metastases in the liver. Technol Cancer
Res Treat 2011; 10(5):475-485.
3. Edhemovic I, Brecelj E, Gasljevic G, et al. Intraoperative
electrochemotherapy of colorectal liver metastases. J
Surg Oncol 2014; 110(3):320-327.
4. Tafuto S, von Arx C, De Divitiis C, et al. Electrochemotherapy as a new approach on pancreatic cancer and
on liver metastases. Int J Surg 2015; 21(S1): S78-S82.
5. Gasljevic G, Edhemovic I, Cemazar M, et al. Histopathological findings in colorectal liver metastases
after electrochemotherapy. PLos One 2017; 12(7):
e0180709. doi:10.1371/journal.pone.0180709.
6. Spugnini EP, Fais S, Azzarito T, et al. Novel instruments
for the implementation of electrochemotherapy
protocols: From bench side to veterinary clinic. J Cell
Physiol 2017; 232(3): 490-495.
7. Djokic M, Cemazar M, Popovic P, et al. Electrochemotherapy as treatment option for hepatocellular
carcinoma, a prospective pilot study. Eur J Surg Oncol
2018; 44(5): 651-657.

DS. Dos Anjos et al. Veterinary Research Forum. 2020; 11 (3) 289 - 293

8. Vásquez JL, Ibsen P, Lindberg H, et al. In vitro and in
vivo experiments on electrochemotherapy for
bladder cancer. J Urol 2015; 193(3): 1009-1015.
9. Fulkerson CM, Knapp DW. Management of transitional
cell carcinoma of the urinary bladder in dogs: A review.
Vet J 2015; 205(2): 217-225.
10. Knapp DW, Ramos-Vara JA, Moore GE, et al. Urinary
bladder cancer in dogs, a naturally occurring model for
cancer biology and drug development. ILAR J 2014;
55(1): 100-118.
11. Campana LG, Clover AJP, Valpione S, et al.
Recommendations for improving the quality of
reporting clinical electrochemotherapy studies based
on qualitative systematic review. Radiol Oncol 2016;
50(1):1-13.
12. Tozon N, Tratar UL, Znidar K, et al. Operating

293

procedures of the electrochemotherapy for treatment
of tumor in dogs and cats. J Vis Exp 2016; 116:54760.
doi: 10.3791/54760.
13. Eisenhauer EA, Therasse P, Bogaerts J, et al. New
response evaluation criteria in solid tumors: Revised
RECIST guideline (version 1.1). Eur J Cancer 2009;
45:228-247.
14. Owen LN. TNM classification of tumors in domestic
animals. Veterinary Public Health Unit and WHO
Collaborating Center for Comparative Oncology
(1980). Available at: https://apps.who.int/iris/
handle/10665/68618. Accessed 17 August, 2019.
15. Sersa G, Jarm T, Kotnik T, et al. Vascular disrupting
action of electroporation and electrochemotherapy
with bleomycin in murine sarcoma. Br J Cancer 2008;
98(2): 388-398.

