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Abstract
Background: Electrochemotherapy (ECT) promotes the increased uptake of antitumor agents through the
administration of permeabilizing electric pulses, thus enhancing chemotherapy effectiveness.
Aim: Our study aimed to describe the tolerability and efficacy of ECT alone or in association with surgery to manage
solid neoplasms in equids.
Methods: Medical records of equids with a diagnosis of malignant tumors treated with ECT alone or in combination
with surgery were retrospectively evaluated. Each equid received local treatment within the tumors or the tumors’ bed
with cisplatin at the dose of 0.5 mg/cm². Trains of permeabilizing biphasic electric pulses were then applied under
spinal or general anesthesia.
Results: Sixteen equids were enrolled in this study. There were nine melanoma cases, four fibrosarcoma, and three
squamous cell carcinoma. Of those 16 equids, 7 received ECT for treatment of intraoperative local disease, while in 9
cases, ECT was the only treatment modality. The seven equids treated with the combination of ECT and surgery still
have no evidence of disease at different times ranging from 9 to 60 months. The remaining nine had the following
responses: two complete remissions, five partial responses, one stable disease, and one progressive disease. The
treatment was well-tolerated, and local side effects were minimal. No systemic effects were documented.
Conclusion: This retrospective study suggests that ECT may be beneficial for equids with solid neoplasms and could be
a useful addition to the current therapeutic options considering its low cost, limited toxicity, and ease of administration.
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Introduction
Cancer is a source of morbidity and mortality in equines
although it is not as crucial as companion animals
(Knottembelt et al., 2015a). The lack of proper central
recording systems prevents researchers from knowing
the tumor incidence in equines. Up until now, the general
consensus, generated from Universities caseloads and
slaughterhouses registries, is that the inter-tegumentary
apparatus is the most common site of neoplasia in
equines (Reid and Howie, 1992; Knottembelt et al.,
2015b). The predominant tumor types of the skin in
equines, accounting for 95% of cutaneous neoplasms,
are sarcoids, melanomas, and squamous cell carcinomas
(SCC), while mesenchymal tumors such as fibrosarcoma
(FSA) are infrequently reported (Knottembelt et al.,
2015b; Spugnini et al., 2016).
Therapies for solid tumors in equines are generally
centered on a surgical approach with wide resection (van
den Top et al., 2008; Hewes and Sullins, 2009). Local
control can be enhanced when surgery is incomplete
or not feasible, by using laser ablation (McCauley
et al., 2002), cryosurgery (Harling et al., 1983),
immunotherapy with Bacillus Calmette Guerin (Martens

et al., 2001), intralesional chemotherapy (Pucket and
Gilmor, 2014), and radiotherapy (both brachytherapy
and teletherapy) (Theón and Pascoe, 1994; Mosunic et
al., 2004; Hollis, 2019). Electrochemotherapy (ECT)
has recently been used in equine medicine to increase
the chances of local control for cutaneous neoplasms
of different nature, with good results (Spugnini et al.,
2011, 2016, 2017; Scacco et al., 2013; Galant et al.,
2019). ECT has been widely adopted over the past
15 years as a supplementary treatment modality for
local control of solid tumors, especially in companion
animals (Spugnini and Baldi, 2019). ECT combines
the administration of chemotherapy agents (mostly
lipophobic molecules) to permeabilize electric pulses
that stimulate their capitation by cancer cells. In equine
oncology, most applications of ECT have been aimed at
controlling cutaneous sarcoids, with good response rates
and cosmetic results (Tamzali et al., 2012; Tozon et al.,
2016). Conversely, only scant case reports have been
published on other histotypes (Spugnini et al., 2011,
2016, 2017; Scacco et al., 2013). This retrospective
study aimed at evaluating the effectiveness of ECT in
the treatment of non-viral solid tumors in equines.
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Material and Methods
Study design
Medical records of equids at an equine referral hospital
were retrospectively searched for client-owned horses
and ponies with a histopathologically confirmed
diagnosis of solid neoplasms, such as FSA, melanoma,
and SCC that underwent ECT treatment alone in
association with surgeries between 2014 and 2020.
Equid staging consisted of a complete blood cell
count, serum biochemical profile, and ultrasonographic
evaluation of the perianal and sub lumbar lymph nodes.
The presence of lymph adenomegaly in the sub lumbar
region (medial iliac and lumbar LNs) was recorded,
and ultrasound guided LN fine needle aspirate was
performed based on the feasibility of the procedure.
In all cases, surgery and/or radiation therapy (RT) were
discussed as primary treatment options with the owners
and, if declined, ECT was offered.
ECT was also offered as an adjuvant treatment in case
of residual disease after surgery or as a single modality
in case of inoperable disease.
It was requisite for all equids to have received at least
two sessions of ECT, performed 2 weeks apart with
a minimum follow-up of 30 days, to be considered
adequate to evaluate clinical measurable response
and development of side effects. Informed consent
was obtained by the equines’ owners before the ECT
treatment was commenced.
Patients were anesthetized with one of the two following
protocols:
Protocol one: premedication with a combination of
acepromazine (Prequillan, Fatro, Ozzano Emilia,
Italy), butorphanol (Nargesic, ACME, Cavriago, Italy),
and detomidine (Domidine, Dechra, Milan, Italy) at
the doses of 0.03, 0.04, and 0.005 mg/kg, respectively,
additionally, followed by spinal anesthesia performed
by injecting 2% lidocaine (Lidocaina 2%, Zoetis, Rome,
Italy) (Doherty and Valverde, 2006). In one patient with
eyelid melanoma, spinal anesthesia was replaced with
local anesthesia with 2% lidocaine (See Figure 2).
Protocol two: the horses were sedated with a
combination of acepromazine (Prequillan, Fatro,
Ozzano Emilia, Italy), butorphanol (Nargesic, ACME,
Cavriago, Italy), and romifidine (Sedivet, Boehringer
Ingelheim, Milan, Italy) at the doses of 0.03, 0.04, and
0.072 mg/kg, respectively. Premedication was followed
by diazepam (Valium, Roche, Milan, Italy) at the dose
of 0.05 mg/kg and ketamine (Ketavet 100, MSD,
Aprilia, Italy) at the dose of 2.2 mg/kg. At this point,
the patients were intubated and kept under general
anesthesia with isoflurane (Forane, Abbott, Latina,
Italy), as elsewhere described (Spugnini et al., 2017).
At this point, the primary tumor or the tumor bed was
infiltrated with cisplatin (Cisplatin Teva, Milan, Italy)
with a dose of 0.5 mg/cm2 or until tumor saturation if
the neoplasm was prone to leakage.
After the chemotherapy injection, with animals under
spinal or general anesthesia, as above described,
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sequences of eight biphasic pulses lasting 50 + 50
μsec each, were delivered to the primary tumor/tumor
bed via clamp electrodes and/or via two-needle 45-S
shielded electrodes at a voltage of 1,000–1,300 V/cm,
depending on tumor electrical conduction as measured
by the clinical electroporator (Onkodisruptor®).
The selection of the electrode type was based on the
extension and depth of the neoplasms undergoing ECT.
The response to treatment was defined by the primary
clinician’s assessment and based on the Veterinary
Cooperative Oncology Group Response Evaluation
Criteria in Solid Tumors (VCOG RECIST criteria)
(Nguyen et al., 2015). Tumor response was classified as
complete response (CR), partial response (PR), stable
disease (SD), or progressive disease (PD) for equids
treated with ECT alone based on tumor measurement
by clinicians (Nguyen et al., 2015). The response was
categorized as no evidence of disease (NED) or tumor
recurrence for equids treated with the combination of
surgery and ECT.
Tolerability of the treatment was assessed based on
the development of any local or systemic side effect,
classified by Veterinary Cooperative Oncology Group
Criteria (Veterinary Cooperative Oncology Group,
2016).
Ethical approval
All procedures were performed in accordance with
institutional guidelines under the control of the Italian
Ministry of Public Health (Italian Law D.lgs 26/2014).
Results
The records of 16 equids held adequate information
to allow the enrollment of these patients in this
retrospective study. The treated cohort included 14
horses and 2 ponies. Patients’ characteristics and
outcomes are summarized in Tables 1 and 2. Table 1
includes all the equids treated with ECT alone, while
Table 2 summarizes the characteristics and outcome
of equids treated with the combination of surgical
debulking and ECT. Altogether, treated tumors
included nine melanomas, four FSA, and three SCC.
Seven equids were treated with tumor debulking
combined with ECT (Table 2), while the remaining
nine equids were treated with ECT alone (Table 1).
The equids experienced minimal discomfort during the
procedures, limited to transient inflammation, while
systemic toxicoses were not observed. In terms of local
tolerability, the therapy has been well endured by all the
patients besides a horse with a large perianal melanoma
that developed a fistula as a side effect of the first
ECT session. The lesion spontaneously healed with
just topical treatment (Figure 1). In terms of overall
response, 13 patients had clinical benefit from ECT (see
Tables 1 and 2) ranging from complete local control
(nine subjects experiencing no recurrence or CR) to
partial remission (five subjects) lasting for several
months. The patients did not receive any additional
treatment during the observation period. The remaining
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Table 1. Characteristics of equines with solid tumors treated with ECT single modality.
Breed

Sex

Agea

Tumor type

Site

Therapy

Outcomeb

Arabian

F

4

Melanoma

Parotid

ECT × 2

PR 48

ED

MC

16

Melanoma

ED

M

10

Melanoma

BSH

M

10

Lipizzaner

M

17

ISH

F

ED

MC

Arabian
ED

Perianal

c

ECT × 8

PR 60

Perianal

ECT × 3

CR 36

Melanoma

Perianal

ECT × 2

CR 24

Melanoma

Lip

ECT × 2

PR 18

12

Melanoma

Parotid

ECT × 2

SD 7

21

Melanoma

Axilla

ECT × 2

PR 12

M

15

FSA

Thorax

ECT × 2

PD

F

20

Melanoma

Perianal

ECT × 3

PR 36

BSH = British sport horse; CR = Complete remission; ECT = Electrochemotherapy; ED = English derived; FSA =
Fibrosarcoma; ISH = Italian saddle horse; PD = Progressive disease; PR = Partial remission; SD = Stable disease.
a
Expressed in years.
b
Expressed in months.
c
ECT administered in multiple sessions.

Table 2. Characteristics of equines with solid tumors treated with combination surgery (SX) and ECT.
Breed

Sex

Agea

Tumor type

Site

Therapy

Outcomeb

ED

MC

17

Melanoma

Palpebral

SX/ECT × 2

NED 24

Appaloosa

M

10

SCC

Palpebral

SX/ECT × 2

NED 60

ED

MC

12

FSA

Thigh

SX/ECT × 2

NED 48

ED

F

11

FSA

Thigh

SX/ECT × 2

NED 36

ED

M

10

FSA

Stifle

SX/ECT × 2

NED 60

Pony

F

12

SCC

Vulvar

SX/ECT × 2

NED 9

Pony

M

6

SCC

Penile

SX/ECT × 2

NED 9

ECT = Electrochemotherapy; ED = English derived; FSA = Fibrosarcoma; NED = No evidence of disease; SCC =
Squamous cell carcinoma; SX = Surgery.
a
Expressed in years.
b
Expressed in months.

Fig. 1. A 16-year-old Gelding with perianal melanoma at presentation (A); after one session of ECT,
of note, a fistula developed at the site of treatment that recovered without need of surgical debridement
(B); the appearance of the lesion after two sessions of ECT (C). The insert in panel A’ shows the
histological appearance of a melanotic melanoma.
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Fig. 2. A 17-year-old gelding with palpebral melanoma at presentation (A); during intraoperative ECT; the patient
has been sedated as reported in materials and methods section and had local anesthesia around the neoplasm (B);
the appearance of the lesion after two sessions of ECT, at 1-month control (C). The insert in panel A’ shows the
histological appearance of a melanotic melanoma.

two patients had SD for 7 months and PD. In Figure
2, an exemplificative case of palpebral melanoma with
long-term control (24 months) following combination
therapy is shown. Overall, the owners expressed a high
degree of satisfaction upon a post-therapy interview in
terms of feasibility, results, and affordability.
Discussion
Local control of solid tumors can be a challenge in
certain body districts such as the head or the perianal
region of the equines due to the presence of underlying
structures that prevent wide surgical excision.
Furthermore, the possibility of local control with the
standard approach of surgery and/or cryotherapy
carries a poor success rate (Knottembelt et al., 2015b).
The use of adjuvant therapies after incomplete tumor
resection is not yet a standard procedure in equine
medicine; due to the lack of dedicated facilities such as
RT, more frequently local chemotherapy or cryosurgery
are adopted to enhance local control (Knottembelt et
al., 2015b). ECT increases the uptake of lipophobic
drugs such as cisplatin by tumor cells, obtaining a
greater efficacy, and extended local control (Spugnini
and Baldi, 2019). Its use in equine oncology is mostly
still limited to the treatment of sarcoids (Tamzali
et al., 2012; Tozon et al., 2016; Galant et al., 2019)
although there are a few case reports of its adoption in
the treatment of melanoma, FSA, and SCC (Spugnini et
al., 2011, 2016, 2017; Scacco et al., 2013), frequently
achieving extended local control. To the best of authors’
knowledge, this is the first retrospective report of ECT
used to treat large solid tumors of non-viral origin in
equids. The technique proved to be well tolerated and
rather effective both as an adjuvant combined with
surgery or single modality for unresectable neoplasms.
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Overall, 15 out of 16 equids had responses ranging from
SD to greater (PR, CR, or NED), making for a response
rate in excess of 93%. Of interest, all the patients in
our cohort experiencing PR were treated with palliative
ECT for unresectable melanomas. These responses
lasted in excess of 12 months (see Table 1), potentially
due to a stimulation of the immune system following
reduction of tumor bulk. These results are similar to
those reported for many solid tumors in companion
animals (Spugnini and Baldi, 2019) and show promise.
With all its limitation due to the retrospective nature
and the low number of enrolled patients, this study
suggests that ECT with cisplatin is well tolerated by
equids treated for solid neoplasms. So far, the number
of observed side effects has been minimal while
maintaining treatment effectiveness. This warrants
further investigations so that ECT could be added to
the treatment options for such tumors, together with
the other validated therapies, including cryosurgery,
intralesional chemotherapy, and RT.
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