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Calcium electroporation: The bioelectrochemical treatment of spontaneous equine skin tumors results in a local necrosis
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Electrochemotherapy (ECT) is an anticancer bioelectrochemical therapy where electrical field pulses (electropermeabilization) increase intracellular concentration of antitumor drugs. The procedure is very effective against skin tumors. The restrictive regulations concerning anticancer drugs in veterinary medicine limit use of ECT. Electroporation with calcium (Electroporation Calcium Therapy)(ECaT) was proved to be effective in vivo on induced tumors in laboratory animals. This study evaluated the effects of ECaT in equine sarcoids ( spontaneous skin tumors) on an animal cohort. Pulse parameters for ECaT were choosen for using skin contact electrodes. ECaT was applied under general anesthesia. The tumors were removed at different days after the treatment and analysed by histology. The s tudy assessed the volume fraction of necrosis that was greater than 50% for 9 of 13 sarcoids . Sixteen sarcoids in 10 horses were treated with ECaT. Macroscopic changes (a crust) were observed in 14/16 tumors. The main microscopic changes were necrosis, ulceration ,haemorrhages, calcifications and thrombosis. The adverse effect was an inflammatory local reaction. Surrounding tissues were not affected. This targeted effect can be explained by its control by the field distribution in the tissue and on the interstitial diffusion of the injected Ca 2+ .

Electrochemotherapy (ECT) is a bioelectrochemical antitumor therapy using electrical pulses to increase the permeability of cell membranes to the injected anticancer drugs [START_REF] Marty | Electrochemotherapy -An easy, highly effective and safe treatment of cutaneous and subcutaneous metastases: Results of ESOPE (European Standard Operating Procedures of Electrochemotherapy) study[END_REF]. This technique allows a considerable increase of the intracellular concentration of the active compound, and therefore a significantly increased therapeutic effect [START_REF] Heller | Treatment of B16 Mouse Melanoma with the Combination of Electropermeabilization and Chemotherapy[END_REF][START_REF] Sersa | Changing electrode orientation improves the efficacy of electrochemotherapy of solid tumors in mice[END_REF][START_REF] Cemazar | Increased platinum accumulation in SA-1 tumour cells after in vivo electrochemotherapy with cisplatin[END_REF]. It has been shown that ECT with cisplatin was very effective for treatment of equine sarcoids [START_REF] Tamzali | Successful treatment of equine sarcoids with cisplatin electrochemotherapy: a retrospective study of 48 cases[END_REF][START_REF] Rols | Electrochemotherapy of horses. A preliminary clinical report[END_REF][START_REF] Tozon | Operating Procedures of the Electrochemotherapy for Treatment of Tumor in Dogs and Cats[END_REF][START_REF] Impellizeri | Electroporation in veterinary oncology[END_REF][START_REF] Tozon | Electrochemotherapy as a single treatment or adjuvant treatment to surgery of cutaneous sarcoid tumours in horses: a 31-case retrospective study[END_REF][START_REF] Tozon | Handbook of Electroporation[END_REF][START_REF] Heller | Medical applications[END_REF]. However, the use of cisplatin is currently limited due to very restrictive regulations on anticancer drugs in veterinary medicine in many countries [12][13][14]. Protection against spilling and handling of the animal waste are strict and expensive. Indeed, the observance of the quality assurance system and the respect for the required biosecurity measures during use of anticancer drugs make the treatment procedures very onerous and are thus responsible for the high cost of therapies using these drugs in veterinary medicine. There is a need to find other cytotoxic procedures where these restrictive regulations are not present.

Calcium plays a major role in many cellular processes, such as the regulation of metabolism, transcription, contraction of the myocytes , regulation of membrane repair and cell death by apoptosis and necrosis [START_REF] Carafoli | Generation, control, and processing of cellular calcium signals[END_REF][START_REF] Cerella | The dual role of calcium as messenger and stressor in cell damage, death, and survival[END_REF][START_REF] Ciobanu | Control by Low Levels of Calcium of Mammalian Cell Membrane Electropermeabilization[END_REF][START_REF] Zhivotovsky | Calcium and cell death mechanisms: a perspective from the cell death community[END_REF]. Intracellular free calcium concentration is strictly regulated and any change affects these processes. Intracellular free calcium concentration is very low (10 -7 mol/L), in comparison with the plasma concentration of free calcium (10 -3 mol/L) [START_REF] Dong | Calcium in cell injury and death[END_REF]. Thus, even a slight increase in membrane permeability can cause a significant increase in the intracellular calcium concentration. By increasing membrane permeability, the "electroporation" makes the entry of calcium easier into the cell and causes an increase in the intracellular concentration of calcium [START_REF] Zhivotovsky | Calcium and cell death mechanisms: a perspective from the cell death community[END_REF][START_REF] Dong | Calcium in cell injury and death[END_REF][START_REF] Golzio | Calcium and electropermeabilized cells[END_REF][START_REF] Hojman | Physiological effects of high-and low-voltage pulse combinations for gene electrotransfer in muscle[END_REF][START_REF] Frandsen | Direct therapeutic applications of calcium electroporation to effectively induce tumor necrosis[END_REF][START_REF] Guionet | Spatio-temporal dynamics of calcium electrotransfer during cell membrane permeabilization[END_REF]. This ionic change in the cytoplasm can make the permeabilization irreversible [START_REF] Golzio | Calcium and electropermeabilized cells[END_REF][START_REF] Frandsen | Direct therapeutic applications of calcium electroporation to effectively induce tumor necrosis[END_REF]. The electropermeabilization with calcium (ECaT) induces cell death when the local calcium concentration is high enough (several mM) [START_REF] Golzio | Calcium and electropermeabilized cells[END_REF][START_REF] Hansen | Dose-dependent ATP depletion and cancer cell death following calcium electroporation, relative effect of calcium concentration and electric field strength[END_REF]. The ECaT has more advantages than anticancer drugs; for instance, ECaT can be applied without specific biosecurity cautions. Some studies have already proved the antitumor efficiency of the ECaT in vitro on tumor cell lines and in vivo on induced tumors in laboratory animals [START_REF] Golzio | Calcium and electropermeabilized cells[END_REF][START_REF] Frandsen | Direct therapeutic applications of calcium electroporation to effectively induce tumor necrosis[END_REF][START_REF] Hansen | Dose-dependent ATP depletion and cancer cell death following calcium electroporation, relative effect of calcium concentration and electric field strength[END_REF][START_REF] Frandsen | Calcium electroporation in three cell lines: a comparison of bleomycin and calcium, calcium compounds, and pulsing conditions[END_REF]. ECaT induces damages in blood vessels in normal and tumorous tissues. A more dramatic effect is observed on small vessels as previously described for ECT with bleomycin. The final result is tumour eradication by necrosis [START_REF] Staresinic | Effect of calcium electroporation on tumour vasculature[END_REF]. Clinical trials are currently performed [27]. Recent reports on clinical investigations showed promising results [START_REF] Falk | Calcium electroporation for treatment of cutaneous metastases; a randomized double-blinded phase II study, comparing the effect of calcium electroporation with electrochemotherapy[END_REF][START_REF] Falk | Electrochemotherapy and calcium electroporation inducing a systemic immune response with local and distant remission of tumors in a patient with malignant melanoma -a case report[END_REF][START_REF] Plaschke | Calcium electroporation for recurrent head and neck cancer: A clinical phase I study[END_REF].

The objective of this prospective study was to assess the effects of intralesional injections of calcium associated with electroporation on 16 equine sarcoids, spontaneous skin tumors, in order to confirm the data experimentally established in vitro and in laboratory animals and the just published clinical results [START_REF] Falk | Calcium electroporation for treatment of cutaneous metastases; a randomized double-blinded phase II study, comparing the effect of calcium electroporation with electrochemotherapy[END_REF][START_REF] Falk | Electrochemotherapy and calcium electroporation inducing a systemic immune response with local and distant remission of tumors in a patient with malignant melanoma -a case report[END_REF][START_REF] Plaschke | Calcium electroporation for recurrent head and neck cancer: A clinical phase I study[END_REF].

2-MATERIALS AND METHODS

2-1 Study Design

The routine protocol used for ECT treatment of horses (adapted from the ESOPE protocol for humans) [START_REF] Gehl | Updated standard operating procedures for electrochemotherapy of cutaneous tumours and skin metastases[END_REF][START_REF] Mir | Standard operating procedures of the electrochemotherapy: Instructions for the use of bleomycin or cisplatin administered either systemically or locally and electric pulses delivered by the Cliniporator (TM) by means of invasive or non-invasive electrodes[END_REF] was followed. All methods were carried out in accordance with guidelines and regulations for veterinary clinics in France following EU Directive 2010/63/EU for animal experiments,.

All experimental protocols were approved by the ENVT equine clinics (L130514 on 25/05/2013). A documented informed consent is obtained from the owners before treatment Horses bearing at least one sarcoid were treated by ECaT to evaluate at a veterinary clinical level the effectiveness of the new treatment that is under clinical trials at the human level [27]. A cohort of 16 sarcoids on 10 horses was treated. Histological evaluations were performed under a period of 3 weeks.

2-2 Selection of animals

To be included in the study, the horses had to have at least one sarcoid, be healthy otherwise and be able to undergo a general anesthesia. The last two conditions were checked by a complete clinical examination and a hematological and biochemical assessment including blood count and dosage of total proteins, albumin, fibrinogen, blood urea nitrogen, creatinine, serum alkaline phosphatase, aspartate aminotransferase, gammaglutamyl transferase, sodium, potassium, chloride and calcium in serum (Schematic 1). All the results of these examinations had to be normal. Moreover, the horses should have received no treatment for at least a month. Finally, the owners had to agree to bring their horse to the clinic at least twice to 7, 14 or 21 days apart or to leave their horse at the clinic during this period (Schematic 1). Informed consent was signed by all owners before the treatment started. Schematic 1: Design of the study.

2-3 Selection of tumors

The tumors were selected depending on their nature, their type, their location and their size.

At first, the diagnosis of the sarcoids was clinical. Then, it was confirmed by histology after excision of the tumor. All tumors that were proved to be of a different nature by histology were excluded from the study.

Moreover, only the verrucous, nodular, fibroblastic and mixed types were selected [START_REF] Tamzali | Successful treatment of equine sarcoids with cisplatin electrochemotherapy: a retrospective study of 48 cases[END_REF]. Occult and malignant sarcoids were excluded from the study. Only well-circumscribed solid tumors allowing limited tissue injection and further total surgical excision for histologic examination were selected. Then early forms of occult sarcoids appearing as rounded plaques of hair loss and large diffuse badly circumscribed malignant forms were excluded for technical reasons.

As to the location, the sarcoids had to be located in an area where resection was easy on vigil horses in order to avoid a second general anesthesia near the first. This condition excluded sites such as ears and eyelids. Sarcoids on the inner side of the thighs were included providing that the horse was cooperative enough to allow resection under sedation.

2-4 Application of the ECaT

The day before the treatment, the tumors were measured and photographed, and the intervention area was shaved to allow good access of the electrodes to the skin.

Horses were anaesthetized according to a protocol of conventional general anesthesia with acepromazine (0.02 mg/kg IV) and romifidine (0.08 mg/kg IV) for the premedication, ketamine (2.2 mg/kg IV) and diazepam (0.05 mg/kg IV) for the induction, and isoflurane for the maintenance. There was a clinical and instrumental monitoring during the whole duration of the anesthesia. The site of treatment was prepared aseptically with alcohol and povidone iodine.

A solution of calcium chloride (168mmol/l in water) was first injected into the tumors [START_REF] Frandsen | Direct therapeutic applications of calcium electroporation to effectively induce tumor necrosis[END_REF] and within a radius of 2cm in the apparently healthy tissue around the tumor using 2ml Luerlock syringe and 22 gauges 2.5cm needle. The injection technique was similar to the one used during injection of cisplatin [START_REF] Tamzali | Successful treatment of equine sarcoids with cisplatin electrochemotherapy: a retrospective study of 48 cases[END_REF][START_REF] Theon | Intratumoral Chemotherapy with Cisplatin in Oily Emulsion in Horses[END_REF]. To obtain uniform drug distribution, injections were made every 6mm on the horizontal plan as well as on the vertical plan of the tumor. The entire tumour was injected along the tracing lines of injection The theoretical volume of calcium chloride solution injected in each tumor was equal to half of the estimated tumor volume. Tumor volume was calculated as ab²π/6, with a the largest diameter and b the largest diameter perpendicular to a. The sizes were obtained with a caliper. The total injected volume was larger than this theoretical volume as the peritumoral tissue was injected. The objective of the injection technique was to saturate the tumor tissue and the margins with the solution. This is considered a critical issue as part of calcium run out of the tumor during injection.

Then, the electrical pulses were immediately applied to each injected area by using two parallel cylindrical stainless steel electrodes (9 mm wide, 2 mm thick, 10 mm apart) [START_REF] Mazeres | Non invasive contact electrodes for in vivo localized cutaneous electropulsation and associated drug and nucleic acid delivery[END_REF]. The field distribution in the skin was complex but a field of 0.65 kV/cm was computed at a 1cm depth in the skin. This was observed to be effective for Ca 2+ uptake in spheroids [START_REF] Wasson | The Feasibility of Enhancing Susceptibility of Glioblastoma Cells to IRE Using a Calcium Adjuvant[END_REF]. When tumors are higher than 1 cm we electropermeabilized on different sides of the tumor. The electrical contact between the electrodes and the skin was secured by a conductive ultrasonic paste that was deposited on the surface of the electrodes. The electrical pulses were generated by an electropulsator (Electrovet S13, Leroy Biotech, Saint Orens, France), controlled and recorded by a digital oscilloscope integrated into the machine (Fig. S1). Each application was made of a train of 8 electrical pulses lasting 100µs generated at a frequency of 500 Hz and a voltage of 1300 V (1.3 kV)(Fig. S2). The electrodes were moved laterally of 1 cm between two successive applications and each injected area was treated under two series of electric pulses in orthogonal directions to optimize electropermeabilization taking advantage of the vectorial character of the field. If we remain within the limits of 1-1.5 cm depth from the contact surface with electrodes there is no effect on treatment. In the experimental conditions of this trial, as it was impossible to reduce surgically the volume of the tissues to treat we have taken this fact into consideration by limiting tumors size. The electroporation technique was modelled on previous ECT studies conducted in laboratory animals and in humans. Therefore, when ethically allowed, treatment planning may improve the ECaT treatment of equine tumours. [START_REF] Tamzali | Successful treatment of equine sarcoids with cisplatin electrochemotherapy: a retrospective study of 48 cases[END_REF][START_REF] Mir | Standard operating procedures of the electrochemotherapy: Instructions for the use of bleomycin or cisplatin administered either systemically or locally and electric pulses delivered by the Cliniporator (TM) by means of invasive or non-invasive electrodes[END_REF][START_REF] Miklavcic | Importance of tumour coverage by sufficiently high local electric field for effective electrochemotherapy[END_REF][START_REF] Sersa | The state-of-the-art of electrochemotherapy before the ESOPE study; advantages and clinical uses[END_REF] .

2-5 Resection of tumors

The sarcoids were resected 7 days, 14 days or 21 days after treatment. The date of resection was determined from previous studies [START_REF] Frandsen | Direct therapeutic applications of calcium electroporation to effectively induce tumor necrosis[END_REF]. The horses were sedated with romifidine (0.02 mg/kg IV) or detomidine (0.01 mg/kg IV) and butorphanol (0.02 mg/kg IV). The sarcoids were measured and photographed. The area of intervention was mowed and disinfected. Then the resection of the tumor was performed by a margin of 2cm apparently healthy tissue. The sample was put in formalin for histological analysis. The horses received a non-steroidal anti-inflammatory (flunixine meglumine at 1.1 mg.kg by intravenous route) for 5 days from the day of surgery.

2-6 Histological analysis of tumors

Histological analysis had four objectives: to verify the clinical diagnosis of sarcoid by determining the nature of the removed mass, to describe the microscopic changes due to ECaT in the tumors, to calculate the volume fraction of necrosis in the tumor and to search potential microscopic lesions due to the treatment in healthy surrounding tissue. The resection of the tumor was performed by a margin of 2cm apparently healthy tissue. Histological studies were performed on the whole tumor body not only on the top part.

Surgical samples were routinely processed. After tissue fixation in 10% buffered formalin, the samples were embedded in paraffin wax, sectioned at 4 µm, and stained with heamatoxylin and eosin. Special Von Kossa staining was performed to identify calcium deposit.

Criteria of histological diagnosis of sarcoid were a neoplastic mesenchymal dermal tumor consisting in proliferation of spindle-shaped to stellate fibroblastic-like cells, arranged in whorls bundles and associated to epidermal hyperplasia with rete pegs and hyperkeratosis [START_REF] Frandsen | Calcium electroporation in three cell lines: a comparison of bleomycin and calcium, calcium compounds, and pulsing conditions[END_REF][START_REF] Staresinic | Effect of calcium electroporation on tumour vasculature[END_REF]. When the distinction between a sarcoid and other types of spindle cell tumors was not obvious (especially with schwannoma), an immunohistochemistry profile was completed (S100, GFAP).

The different changes observed with histological analysis were called elementary microscopic lesions. For each tumor, each elementary microscopic lesion was ranked according to its intensity (from 0 to 3) and its extension (from 0 to 3). A total score between 0 and 6 was obtained for each elementary lesion in each tumor by adding intensity score and extension score. For each resection date, an average was made between the scores for a given lesion in all the resected tumors at that given date.

The volume fraction of necrosis was calculated in tumors where necrosis had been identified, using a morphometric method. Tumor and necrotic areas were assessed on digital slides and analyzed using specialized software (Pannoramic Viewer, 3DHistech Ltd., Budapest, Hungary).

2-7 Statistical Analysis

The volume fraction of necrosis measurements was analyzed by mean, SD and SEM. Comparison of data for resection at day 14 and 21 after treatment was tentatively obtained by using student t-test on Excel Anova one way on Excel and given as supplementary data (Fig. S3) . A p-value of 0.05 or less was considered statistically significant.

3-RESULTS

3-1 Included horses

Ten horses with one or more sarcoids were included in the study (8 geldings and 2 mares, from 5 to 16 years old).

3-2 Included tumors

In total, 30 cutaneous masses were treated with the ECaT on clinical suspicion of sarcoids. After checking the nature of the masses on histology, 16 sarcoids were identified. The other 14 masses were of various nature: focal fibroplasia (6/14), schwannoma (3/14), eosinophilic granuloma (1/14), fibromatosis (1/14), capillary naevus (1/14), melanocytoma (1/14), undetermined (1/14).

The sarcoids were verrucous (9/16), nodular (6/16) and mixed (1/16). The tumors were located on the head (2/16), the neck (1/16), the chest (2/16), the abdomen (4/16), the inner side of the thighs (3/16) and the male genital area (4/16). Eight sarcoids were removed at 7 days, 6 at 14 days, and 2 at 21 days after treatment. The size (diameters in crossed directions a and b) and volume of the sarcoids were distributed on a large range as shown in Fig. 1 and2. The number of pulsation sites was adapted to make sure that the sarcoid surface and the peritumoral margin were properly covered by the pulse delivery. The number of sarcoids is plotted as a function of their volume classes . The width of each class was chosen as 5 cm 3 

3-3 Macroscopic changes

All treated skin areas showed edema and pain to palpation in the hours following the treatment. These changes disappeared between 2 and 5 days after the treatment. They were attributed to a non-specific inflammatory reaction. Specific macroscopic changes were observed in 14 cases among the 16 sarcoids. The changes observed in the tumors themselves were the formation of a crust coming off over time in the 14 cases (figure 3). The size of the tumors remained unchanged in the 14 cases. Macroscopic changes in surrounding apparently healthy tissue treated with ECaT (margin of 2cm around the tumor) were a depigmentation following the path of injections (4/14) and minor ulcerations following the path of injections (2/14). No macroscopic changes were noticed on the surrounding healthy tissue untreated with the ECaT (located more than 2cm from the tumor).

3-4 Microscopic changes

The elementary microscopic lesions observed in tumor areas were necrosis (13/16), suppuration and ulceration (13/16), hemorrhages (14/16), calcifications (11/16), vascular thrombosis (13/16) and vascular repermeation (9/16) (Schematic 2). The elementary microscopic lesions observed in peritumoral areas were hemorrhages (8/16), calcifications (10/16) and inflammations (16/16). Schematic 2: Elementary lesions (microscopic changes) observed in tumor area and in peritumoral area.

Necrotic tissue consisted of eosinophilic areas with fibroblastic pyknotic cells and hyalinisation of collagen (from day 7 after treatment). Necrosis was frequently associated with acute hemorrhages which were extensive, multifocal, intratumoral but also peritumoral (from day 7 after treatment). It was also frequently associated with superficial ulceration and suppuration along with a bacterial superinfection, with formation of thick cellular crusts more or less hemorrhagic (from day 7 after treatment).

Calcifications, visible as fibrillary or granular basophils deposits, were confirmed by the reaction of Von Kossa. They were located within the necrotic areas, but also on the rim of sarcoids, interesting fibers of dermal collagen (from day 7 after treatment). Calcifications were sometimes accompanied by a granulomatous inflammatory reaction, characterized by the presence of macrophages and giant cells closely associated with calcium deposits (from day 14 after treatment).

Fibrinous venous or arterial vascular thrombosis were observed with frequent images of repermeation of thrombus, blood vessels of varying caliber, in or around neoplastic tissue, and with fibrino-hemorrhagic exudation in the periphery of the occluded vessel (from day 7 after treatment). Some calcifications can be noticed in some vascular walls (from day 7 after treatment).

Peritumoral mixed inflammatory infiltrations were observed with vascular proliferation and activation (from day 7 after treatment).

Twelve of the 14 tumors showing specific macroscopic changes had necrosis. The other 2 tumors showed no necrosis, but other lesions such as hemorrhages, ulcerations, calcifications, thrombosis, and inflammations.

Seven of the 12 tumors with necrosis had intratumoral calcifications (fig S3) The total lesion score of the tumors removed at day 21 after treatment (n=2) was higher than that of the tumors removed at day 7 and day 14 after treatment( n= 6 and n=5) (33 against 22.7 and 21.7 respectively) (Table 2).

3-5 Assessment of the fraction of necrosis

The volume fraction of necrosis was evaluated when there was necrosis in the tumor. For the 13 analyzed sarcoids, the volume fraction of necrosis was between 4% and 93%. The average was 58%.

The volume fraction of necrosis was greater than 50% for 9 of the 13 analyzed sarcoids, reaching 91.5% (+/-1.5) at Day 21 after treatment (n=2) (Fig. 4) There was no statistically significant differences between the volume fraction of necrosis between Day 7 and Day 14 after treatment . The volume fraction of necrosis was higher at Day 21 relative to Day 14 after treatment (Fig. S4). There was no overlap between the confidence intervals for Date of resection 14 and 21 in spite of the low number of samples on Day 21, where the volume fraction of necrosis was high and close to 100% Figure 4: Evolution of the volume fraction of necrosis with the delay after the treatment. In A, the mean value is given (dark gray) with SEM (light gray) to give the precision for the estimated population mean ; in B, the mean value is given (dark gray) with SD (light grey) to give data variability around mean of the sample population The volume fraction of necrosis was dependent on the tumor volume (Fig. 5). It can be observed that very small tumors (n=2 out of 4) and very large spheroids (18 and 35 cm 3 )(not displayed due to the size) were not affected by necrosis. Two of the seven largest ones were poorly affected. A fairly linear relationship was observed in the case of the remaining 9 sarcoids, except for one small, highly necrotic sarcoid. The treatment was well tolerated by all the horses. During electroporation, muscle contractions were consistently observed in response to the electrical pulse. These contractions were generally limited to the cutaneous muscles located in the treated area. They were sometimes stronger when the stimulated area was located near important nerves.

The only side effect observed after treatment was an inflammatory reaction in the treated skin area. This inflammation consisted in moderate edema and pain on palpation that appeared within hours of the treatment and disappeared within five days.

4-DISCUSSION

4-1 Interests of this study

This study is the first to assess the effects of the ECaT on spontaneous equine tumors. Indeed, previous studies dealt with cell cultures and tumors induced in laboratory animals [START_REF] Golzio | Calcium and electropermeabilized cells[END_REF][START_REF] Frandsen | Direct therapeutic applications of calcium electroporation to effectively induce tumor necrosis[END_REF][START_REF] Hansen | Dose-dependent ATP depletion and cancer cell death following calcium electroporation, relative effect of calcium concentration and electric field strength[END_REF][START_REF] Frandsen | Calcium electroporation in three cell lines: a comparison of bleomycin and calcium, calcium compounds, and pulsing conditions[END_REF] and appear promising in clinical studies [START_REF] Falk | Calcium electroporation for treatment of cutaneous metastases; a randomized double-blinded phase II study, comparing the effect of calcium electroporation with electrochemotherapy[END_REF][START_REF] Falk | Electrochemotherapy and calcium electroporation inducing a systemic immune response with local and distant remission of tumors in a patient with malignant melanoma -a case report[END_REF][START_REF] Plaschke | Calcium electroporation for recurrent head and neck cancer: A clinical phase I study[END_REF]. The results of this study showed that the ECaT had an action on equine sarcoids. Indeed, 13 of the 16 treated tumors showed necrosis. Among them, 9/13 were necrotic to more than 50% after a single treatment of ECaT. Among the 3 tumors with no necrosis, 2 tumors had some other lesions (ulcers, mineralization, hemorrhage, thrombosis) and the third tumor had no changes. This unmodified tumor was tiny (3mm in diameter) making injection into the tumor very difficult. Moreover, it is possible that the amount of calcium injected into the tumor was low or even zero, which may explain the absence of lesion. Interestingly, in the first clinical trial, a calcium volume equivalent to the tumor volume was used for the smallest tumors [START_REF] Falk | Calcium electroporation for treatment of cutaneous metastases; a randomized double-blinded phase II study, comparing the effect of calcium electroporation with electrochemotherapy[END_REF].

4-2 Limits of this study

All sarcoids of the study were treated with the ECaT. For ethical reasons, no tumor was treated with injections of calcium alone or with electroporation alone. However, previous studies on cells and tumors induced in mice compared cases treated with the EC aT with cases treated with only calcium and cases treated with only electroporation [START_REF] Frandsen | Direct therapeutic applications of calcium electroporation to effectively induce tumor necrosis[END_REF][START_REF] Hansen | Dose-dependent ATP depletion and cancer cell death following calcium electroporation, relative effect of calcium concentration and electric field strength[END_REF][START_REF] Frandsen | Calcium electroporation in three cell lines: a comparison of bleomycin and calcium, calcium compounds, and pulsing conditions[END_REF]. The results of these studies have already proved that the ECaT is significantly more effective than calcium alone or electroporation alone. In this study, tumors were removed by surgery no later than 21 days after the ECaT to analyze damages caused by the treatment. Further studies are needed to assess the effects of the ECaT over a longer period of time. However, these preliminary results offer opportunities to develop complementary studies. Further studies are needed with a larger number of tumors in order to seek a possible correlation between calcifications and necrosis as well as a possible effect of the period after treatment. The definition of the size of tumors that could be treated was recently discussed in the case of ECT [START_REF] Gehl | Updated standard operating procedures for electrochemotherapy of cutaneous tumours and skin metastases[END_REF].

4-3 Mechanism of action of ECaT

Necrosis seems correlated to the persistent presence of calcium in the tumor tissue which appeared as calcifications in histology. This suggested that a minimum local concentration of calcium was necessary in order to reach a toxic concentration in permeabilized cells. The mechanism by which the ECaT causes cell death is not yet completely known. Apoptosis was reported [START_REF] Zielichowska | Applications of calcium electroporation to effective apoptosis induction in fibrosarcoma cells and stimulation of normal muscle cells[END_REF]. However, several studies have showed that ATP played an important role in necrosis after treatment by ECaT as the concentration of ATP was significantly reduced in cells and tissues exposed to electrical pulses [START_REF] Ciobanu | Control by Low Levels of Calcium of Mammalian Cell Membrane Electropermeabilization[END_REF][START_REF] Plaschke | Calcium electroporation for recurrent head and neck cancer: A clinical phase I study[END_REF][START_REF] Mir | Standard operating procedures of the electrochemotherapy: Instructions for the use of bleomycin or cisplatin administered either systemically or locally and electric pulses delivered by the Cliniporator (TM) by means of invasive or non-invasive electrodes[END_REF]. Then this concentration went back considerably in the hours following the treatment [START_REF] Frandsen | Direct therapeutic applications of calcium electroporation to effectively induce tumor necrosis[END_REF]. Exposure of cells to calcium alone had no effect on the concentration of ATP [START_REF] Frandsen | Direct therapeutic applications of calcium electroporation to effectively induce tumor necrosis[END_REF]. However, when the cells were exposed to the ECaT, the ATP concentration remained low for a significantly longer period than when they were exposed to electroporation alone [START_REF] Frandsen | Direct therapeutic applications of calcium electroporation to effectively induce tumor necrosis[END_REF]. The significant decrease of the ATP concentration following ECaT could be explained by several mechanisms which complemented one another. The increase in the intracellular concentration of calcium caused an increase in the activity of the pumps Ca 2+ -ATPase to return calcium outside the cell, which increased consumption of ATP [START_REF] Cerella | The dual role of calcium as messenger and stressor in cell damage, death, and survival[END_REF][START_REF] Dong | Calcium in cell injury and death[END_REF][START_REF] Berridge | Calcium signalling: dynamics, homeostasis and remodelling[END_REF]. Moreover, the intracellular calcium concentration could induce the opening of pores in the membrane of the mitochondria, which stopped the production of ATP by alteration of the electrochemical gradient [START_REF] Cerella | The dual role of calcium as messenger and stressor in cell damage, death, and survival[END_REF][START_REF] Dong | Calcium in cell injury and death[END_REF][START_REF] Giorgi | Ca2+ signaling, mitochondria and cell death[END_REF]. In addition, the electroporation could cause an influx of sodium into the cell if the permeability of the cytoplasmic membrane increased. The activity of the pumps Na + /K + -ATPase might then increase in order to get the sodium out of the cell, which increased the consumption of ATP [START_REF] Hojman | Calcium electrotransfer for termination of transgene expression in muscle[END_REF]. Plasma membrane Ca 2+ -ATPase (PMCA) protein expression was observed to be lower in tumour tissue than in normal tissues [START_REF] Frandsen | Normal and Malignant Cells Exhibit Differential Responses to Calcium Electroporation[END_REF]. The consequences was that the high calcium concentration resulting from electropermeabilization was present on a longer period in tumours resulting in their selective necrosis. The intracellular calcium overload might still have other effects, such as activation of lipases and proteases and the production of oxygen-derived reactive species. These processes also contributed to cell death [START_REF] Cerella | The dual role of calcium as messenger and stressor in cell damage, death, and survival[END_REF][START_REF] Dong | Calcium in cell injury and death[END_REF][START_REF] Giorgi | Ca2+ signaling, mitochondria and cell death[END_REF]. It was shown on a 3D spheroid that the field threshold inducing cell death was Ca 2+ dependent being slightly larger when Ca 2+ was 1 mM rather than 5 mM but in both conditions remained more than 3 times lower than when no Ca 2+ was added [START_REF] Wasson | The Feasibility of Enhancing Susceptibility of Glioblastoma Cells to IRE Using a Calcium Adjuvant[END_REF]. In our configuration (contact electrodes), the effective electric field had a limited penetration in the skin and underlying tissue [START_REF] Mazeres | Non invasive contact electrodes for in vivo localized cutaneous electropulsation and associated drug and nucleic acid delivery[END_REF]. The specific macroscopic change was the formation of a crust on the surface that came off with time. ECaT seemed to act mainly on the superficial part of the tumor as predicted by the biophysical simulation of the process. This observation could justify several sessions of ECaT in order to reach the deeper parts of the tumor, after necrosis of the most superficial parts. Similarly, this observation might also justify a preliminary surgical treatment to reduce the size of the tumor before the ECaT treatment in the case of large tumors [START_REF] Gehl | Updated standard operating procedures for electrochemotherapy of cutaneous tumours and skin metastases[END_REF]. The effectiveness of several sessions and preliminary surgical treatment had already been shown in a study of 194 sarcoids treated by ECT with cisplatin [START_REF] Tamzali | Successful treatment of equine sarcoids with cisplatin electrochemotherapy: a retrospective study of 48 cases[END_REF]. Finally, ECaT had a necrotic action on tumour tissue but not on the surrounding tissues, while they were treated. Such specificity between normal and tumorous cells plated or in suspension was not observed [START_REF] Golzio | Calcium and electropermeabilized cells[END_REF]. All are sensitive to low (< 5 mM) Ca 2+ concentration in the pulsing buffers [START_REF] Staresinic | Effect of calcium electroporation on tumour vasculature[END_REF][START_REF] Frandsen | Normal and Malignant Cells Exhibit Differential Responses to Calcium Electroporation[END_REF]. This was not valid on tumors where even with Ca 2+ injection there was a need for higher concentrations (150 mM (or more) is now a routine dose in clinical essay [START_REF] Plaschke | Calcium electroporation for recurrent head and neck cancer: A clinical phase I study[END_REF]). Lethal effects of calcium electroporation of tumor cell spheroids is observed only with such a high concentration [START_REF] Frandsen | Calcium Electroporation: Evidence for Differential Effects in Normal and Malignant Cell Lines, Evaluated in a 3D Spheroid Model[END_REF].This phenomenon could be explained due to recent biophysical approaches. From a work with cell pellets (where cells were very close as in tumors), we knew that the packing density in a real 3D system affected the effective concentration of an added drug (i.e. Ca 2+ ) and required a much higher added drug concentration than when free diffusion occured [START_REF] Pucihar | Electropermeabilization of dense cell suspensions[END_REF]. In a recent paper on dual-porosity model of tissue electroporation in biomedicine, mathematical simulation of the problem was provided [START_REF] Mahnic-Kalamiza | Dual-porosity model of solute diffusion in biological tissue modified by electroporation[END_REF]. The effect of CaCl 2 is controlled by the interstitial Ca 2+ concentration, the local field value (i.e. the position of the tissue volume relative to the electrodes) and the interstitial volume. The Ca 2+ toxicity was linked to the change in the cytoplasmic Ca 2+ that should be dramatically increased by the inflow of the interstitial Ca 2+ (controlled by both the volume and the concentration). But histology showed that this packing density depended on the origin of the cells. Normal tissues were tighter (higher cell volume, higher tortuosity) than tumor tissue, giving less access to added Ca 2+ . Less effective Ca 2+ was therefore present deep in the tissue. These biophysical conclusions supported our in vivo observations of a targeted effect on tumors [START_REF] Mahnic-Kalamiza | Dual-porosity model of solute diffusion in biological tissue modified by electroporation[END_REF]. A practical conclusion is that Ca 2+ injection in the tumor is a critical step in the protocol. A significant amount must be present in the interstitial volume to get necrosis after the treatment. 4-4 Benefits of the ECaT Treatment with ECaT has advantages compared to other treatments on sarcoids, for the horse, the owner and the veterinarian. Unlike the use of anticancer drugs this treatment is not associated with any constraints of biosecurity so it could significantly reduce the cost of the electroporation. This advantage would then allow a larger spreading of the electroporation technique in veterinary structures refractory to the implementation of a restrictive biosecurity system. The ECaT can also be an alternative when topical treatments, often long and painful, are not feasible, either for lack of motivation of the owner or in the presence of a dangerous or uncooperative animal. Furthermore, the ECaT is safe for the animal since it is well tolerated and causes only very few side effects. Only a moderate and transient inflammatory reaction at the injection site was observed. Signs of local and transient inflammation were also noticed during ECT treatments in humans, dogs and horses [START_REF] Tamzali | Successful treatment of equine sarcoids with cisplatin electrochemotherapy: a retrospective study of 48 cases[END_REF][START_REF] Belehradek | Electrochemotherapy, a new antitumor treatment. First clinical phase I-II trial[END_REF][START_REF] Tozon | Effective treatment of perianal tumors in dogs with electrochemotherapy[END_REF]. In some cases the treatment has caused a depigmentation of the skin along where the injections were made. The depigmentation should be related to previous results. Vitiligo-like depigmentation in human patients with melanoma appeared to be associated with robust antimelanoma immunity and associated improved survival [START_REF] Teulings | Vitiligo-like depigmentation in patients with stage III-IV melanoma receiving immunotherapy and its association with survival: a systematic review and meta -analysis[END_REF] Indeed In a case report where a patient was treated with both ECT and ECaT , Vitiligo had developed around the treated as well as untreated lesions [START_REF] Falk | Electrochemotherapy and calcium electroporation inducing a systemic immune response with local and distant remission of tumors in a patient with malignant melanoma -a case report[END_REF]. From results on mice, ECaT was considered as an immune activator [START_REF] Falk | Calcium electroporation induces tumor eradication, long-lasting immunity and cytokine responses in the CT26 colon cancer mouse model[END_REF]. The role of calcium electroporation as immune activator and its combination with immunotherapeutic treatments has also been supposed [START_REF] Falk | Electrochemotherapy and calcium electroporation inducing a systemic immune response with local and distant remission of tumors in a patient with malignant melanoma -a case report[END_REF]. This supports that equine ECaT might act as an immune activator. The follow-up after treatment is short because tumors were removed no later than 21 days after the ECaT, so it is impossible to say if this depigmentation is reversible. No effect on cardiac function was found during application of electrical pulses (control by cardiac auscultation and ECG during anesthesia). The electroporation with calcium is also a safer technique for the nursing staff who doesn't manipulate anticancer drugs. In addition, the ECaT is a relatively simple technique to apply. Specific trainings for a veterinarian are offered by academic institutions. The pulse parameters are preset and the delivered pulses are recorded and stored for a later control if needed. The operating procedures (OPs) in order to safely and conveniently treat cutaneous and subcuta neous tumors in pets and larger domestic animals (horses) by electrochemotherapy are available [START_REF] Tozon | Handbook of Electroporation[END_REF][START_REF] Heller | Medical applications[END_REF] . Finally, the ECaT is not expensive (apart from the cost of general anesthesia for horses). The solution of calcium chloride is cheap and easy to get. It is not a cytostatic drug and not subjected to the associated administrative procedures. The electropulsator and the electrodes are available at an affordable cost for an equine clinic.

4-5 Disadvantages of the ECaT

For horses, the ECaT has several disadvantages related to the need for general anesthesia in order to apply electrical pulses, as for the ECT [START_REF] Tamzali | Successful treatment of equine sarcoids with cisplatin electrochemotherapy: a retrospective study of 48 cases[END_REF]. General anesthesia is a risk for the horse. However, today general anesthesia is well controlled and risks are very limited, especially during general anesthesia of short duration in a healthy horse. Then, general anesthesia is also an inconvenience to the owner who must pay the cost. Finally, general anesthesia involves the use of doping products, which prevent the horse from participating in competitions after treatment during a given time. Because of the limit of tissue penetration of the electroporation, the size of the tumor is a limit to the use of the ECaT. Thus, as discussed previously, the use of ECaT on large tumors requires a reduction of the size of the mass with other preliminary treatment before ECaT, for example debulking by surgery. Another therapeutic strategy is to repeat the treatment of ECaT. In ECT, the treatment is repeated every two weeks. In this study on the ECaT, the total lesion score was higher for tumors removed at day 21 after treatment (n=2) compared with tumors removed at day 7 and day 14 after treatment (n=6 and n=5). Therefore, a longer period of time between two treatments could be considered for the ECaT, which would allow a longer period between two general anesthesias. Finally, some tumors have a very hard consistency, which makes injections sometimes very difficult in case of equine sarcoids. This is indeed a problem that can be solved only by expertise.

5-CONCLUSION

ECaT seems to be an effective alternative in the treatment of equine sarcoids. This study is a proof of concept on spontaneous tumors in a big animal. The translational aspect for humans is recognized as the spontaneous disease in large animals patients "resembles the "real life" situation and thus could be more likely to predict the situation in human treatment" [START_REF] Furdos | Translating clinical trials from human to veterinary oncology and back[END_REF]. Further studies on a larger number of tumors and on a longer duration are now needed to improve the technique of treatment, to evaluate the number of required s essions and estimate the long-term effect (rate of recurrence). Moreover, it would be very interesting to evaluate the effects of ECaT on other types of skin tumors of horses, such as the schwannomas, melanomas or cutaneous lymphomas. Finally, the effects of ECaT should also be studied on skin tumors in other animal species, as well as in human beings [START_REF] Falk | Calcium electroporation for treatment of cutaneous metastases; a randomized double-blinded phase II study, comparing the effect of calcium electroporation with electrochemotherapy[END_REF][START_REF] Plaschke | Calcium electroporation for recurrent head and neck cancer: A clinical phase I study[END_REF].
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Figure 1 :

 1 Figure 1: Size distribution The number of sarcoids per size class (diameters in crossed directions a and b) is plotted as a function of the size class. Size classes were selected to obtain 4 classes with the same width.

Figure 2 :

 2 Figure 2: Volume classes distribution

Figure 3 :

 3 Figure 3: Macroscopic changes of two tumors. Calcium electroporation resulted in a crust on the tumor and depigmentation around the tumor.

Figure 5 :

 5 Figure 5 : Necrosis fraction versus tumor volume The two very large sarcoids (18 and 35 cm 3 ) with necrosis, that could not be quantified, are not displayed
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Table 1 Nature

 1 

	of cutaneous masses					
	Sarcoids							
		Verrucous nodular	mixed				
	16	9	6	1				
	Non							
	sarcoids							
		focal	schwannoma eosinophilic	fibromatosis capillary	melanocytoma undetermined
		fibroplasia		granuloma		naevus		
	14	6	3	1	1	1	1	1

Table 2

 2 Mean score for each elementary microscopic lesion in function of the date of resection.

	Days after treatment	7	14	21
	Peritumoral inflammation	3	2.7	4.5
	Vascular repermeation	1.1	0.5	0.5
	Vascular thrombosis	1.8	1	1
	Peritumoral calcifications	2.4	3.3	5.5
	Intratumoral calcifications	2.2	3	5.5
	Peritumoral hemorrhages	1.6	1.5	2
	Intratumoral hemorhages	3.1	2.8	4
	Ulceration/Suppuration	3.3	3.7	4
	Necrosis	4.1	3.2	6
	n	6	5	2

Highlights

 Calcium electroporation is effective on horse sarcoids  Necrosis is induced in Equine sarcoids by Calcium electroporation  No necrosis was observed in the Peritumoral tissue  Tissue organization controls the necrosis effectiveness  Calcium injection is considered critical for an effective Calcium electroporation