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Abstract

:

Neoplasms of melanocytic origin are diseases relevant to dogs and cats’ ophthalmic oncology due to their incidence, potential visual loss, and consequent decrease in life quality and expectancy. Despite its non-specific clinical presentation, melanocytic neoplasms can be histologically distinguished in melanocytomas, which present benign characteristics, and malignant melanomas. The diagnosis often occurs in advanced cases, limiting the therapeutic options. Surgery, cryotherapy, radiotherapy, photodynamic therapy (PDT), and laser are currently available therapeutic strategies. As no clinical guidelines are available, the treatment choice is primarily based on the clinician’s preference, proficiency, and the owner’s financial constraints. While surgery is curative in benign lesions, ocular melanomas present a variable response to treatments, besides the potential of tumour recurrences or metastatic disease. This review presents the currently available therapies for ocular melanocytic neoplasms in dogs and cats, describing the therapeutic, indications, and limitations. Additionally, new therapeutics being developed are presented and discussed, as they can improve the current treatment options.
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1. Introduction


Veterinary ophthalmologic diseases comprise a wide range of diseases affecting the orbit, globe, and adnexa structures. About 39% of ocular pathological processes in small animals correspond to neoplasias [1], the abnormal growth of a tissue into a mass that is not responsive to homeostatic control mechanisms and may be benign or malignant [2]. However, due to its location and unique eye anatomy and function, even small, non-invasive, and slow-growing neoplasms can cause significant discomfort, colour changes, alterations in the eye bulb shape, and vision loss [3,4,5].



Melanocytic neoplasms are the most common form of primary intraocular neoplasia, and, among those, melanomas are highly prevalent, with different incidences regarding species and anatomical location. Melanomas are histologically confirmed tumours with malignant characteristics, and melanocytomas are benign tumours with no metastatic potential [6,7,8]. Melanomas originate from melanocytes or other neoplastic cells that develop from melanocytes or melanoblasts [9]. Although benign, melanocytomas have the capacity for local expansion and impairment of adjacent structures [5,10]. Additionally, variations in the biological behaviour and malignancy exist, according to the lesion location and animal species. The growth rate of neoplasms of melanocytic origin is variable [4]. In addition, there is a lack of reports with adequate follow-up information to determine if the histological classification accurately indicates the neoplasm behaviour [11].



Melanocytic neoplasms clinical presentation is non-specific and varies according to the eventual destruction or disarrangement of ocular structures [12]. Unilateral involvement is the most frequent [9]. Clinical signs include visual loss, corneal opacity, hyphema, endophthalmitis, uveitis, retinal detachment, presence of expansive/invasive neoformations [12,13] (see Figure 1A,B), alterations of pigmentation (see Figure 1C) and secondary glaucoma (common; see Figure 1D) [14]. The presence of secondary glaucoma is an indicator of poor prognosis and reduced survival time in cats with diffuse iris melanoma [15]. Moreover, specific histological and immunohistochemical characteristics relate to poor diagnosis, as further discussed [15,16,17]. Besides pigment deposition (hyperpigmentation) [18,19], also present in other neoplasms such as basal cell tumours [20], melanomas may also present a non-pigmented form, named amelanotic [5,13,21,22].



Melanocytic neoplasms tend to occur in adult to elderly animals [13,23], but there are cases in young animals [24]. Gender [13,25] or breed predisposition is yet to be confirmed [7,20,23,26,27,28], since the apparent higher prevalence in some breeds may be related to their popularity and not predisposition [9].



The aetiology of ocular melanoma is not fully elucidated [9], but some factors may be related, such as genetic [29], pigmented region lesions [2,15,30], exposure to UV radiation [31] and possible viral infection [32]. Experimental studies showed uveal melanomas could be induced in dogs with the intravenous administration of radioactive material [33]. Additionally, intraocular injection of feline sarcoma virus in neonatal kittens could induce the formation of invasive anterior uveal melanoma [34]. These findings relate cell damage to lesion appearance; although, as referred, the aetiology is not yet fully elucidated. As melanoma, melanocytoma often originates in pigmented eyes or those presenting melanosis [1,35,36], which can be a hereditary condition or consequent to an inflammatory process [35,37,38].



In dogs, the melanocytic neoplasms reported in the conjunctiva [10,39] and the orbit [2,20] are predominantly malignant, while those originating in the eyelid (see Figure 1D), the limbus and the uvea are predominantly benign [1,2,5,6,20,29,40]. Melanomas with areas of melanocytoma were also observed, suggesting malignant transformation [9]. Cats are often diagnosed with intraocular melanocytic neoplasms, which diffuse in the iris [41] and gradually become a coalescing infiltrative lesion [14]. These lesions have variable progression rates and present histological and clinical changes during the neoplasm evolution. Diverse histological characteristics can be observed within the neoplasm [42], such as atypia, mitotic index, or nuclear/cytoplasm ratio [11]. Other than iris, uncommon localisations include the ciliary body, the limbus [43,44,45], the optic nerve, the iridocorneal angle, the sclera, the episcleral [43], the conjunctiva [27,46,47,48], the choroid [14,43,49], the nictitating membrane [50], the eyelid [51,52], and the orbit [46,47,53].



In most dogs and cats, intraocular melanomas are diagnosed at advanced stages, limiting the treatment eligibility and the prognosis [12]. When evaluating a possible ocular neoplasm, a detailed anamnesis and a general physical examination should be performed [54]. In addition, a complete eye examination should be carried out [20], including slit-lamp biomicroscope magnification, ophthalmoscopy, tonometry, ocular ultrasound, and gonioscopy [12,20,55]. When required, magnetic resonance imaging and computed tomography can be performed, providing a detailed and complete assessment of the orbital region [20,38,56]. The complementary diagnostic exams are essential to evaluate the involved structures, identify the neoplasia’s margins and extent, and define the most appropriate treatment strategy [25].



Ocular neoplasms may be of primary origin, arising from the affected eye tissue itself, or secondary, originating from a site distant from the ophthalmic region [10,13,57]. Eye melanomas of metastatic origin generally have oral and nail bed melanomas at the primary site [5,9,13,58].



Eye melanomas most common metastasising route is the haematogenous dissemination through conjunctival or periorbital vessels [2,4]. Other possibilities are the optic nerve and local invasion through adjacent tissues, such as the sclera and the cornea [2,4]. In dogs, metastases may occur according to the site of neoplasm origin, the extension of ocular infiltration and mitotic index [7,59,60,61]; affecting structures such as lymph nodes [39,62], liver [57], lungs [63], brain [64], vertebra [65], kidneys and prostate [62]. In cats, ocular melanoma shows a metastasising preference for distant organs such as the liver, the lungs [17,47] and the kidneys [5], in addition to unusual locations such as the radius head [66]. A case involving multiple locations (lungs, pericardium, parietal pleura, mediastinum, hilar lymph nodes, diaphragm, liver, and omentum) was reported [67].



Several therapeutic strategies are currently available for melanocytic neoplasms: surgery, cryotherapy, radiotherapy, photodynamic therapy (PDT), and laser. Additionally, new treatments are being developed, as schematized in Figure 2.



The treatment indication should consider general health status, species, the biological behaviour of melanocytic neoplasms, lesion characteristic, lesion progression, anatomical site of the lesion, lesion extension, visual or blind eye, presence of secondary ocular changes, clinician preference and proficiency, and owner’s financial constraints.



Image documentation (photography) can be used to monitor any changes in pigmented eye lesions prior to treatment indication. Because infrared light is less susceptible to scattering, infrared photography is an ideal method for identifying small, often indiscernible areas of hyperpigmentation of the iris, even in heavily pigmented eyes or even when a cloudy or opaque cornea is present [38]. Both strategies allow tracking the progression of eye lesions [38,68]. The surgical approach is usually curative in cases of melanocytoma [49,69,70,71]. Ocular melanomas present variable response rates to treatments [38]. Despite the different available options, there is a lack of clinical evidence systematisation to support the therapeutic decision. As with any form of ocular cancer, preoperative chest X-rays and abdominal ultrasonography for metastasis detection are recommended [4,54]. For anatomopathological study and lesion staging, samples can be obtained by excisional, incisional, or fine needle aspirate, depending on the neoplasm location [42,72,73]. Confirmation of melanocytic origin can be performed with immunostaining [17,20].



The variable response rates, the visual loss and the impact on the patient’s life expectancy make the development of new therapies extremely relevant [10,12,74]. Therefore, this manuscript aimed to review the currently available and under research treatments for ocular melanocytic neoplasia in dogs and cats.




2. Treatments


The National Comprehensive Cancer Network (NCCN) Guidelines provide a clear guide to ocular melanoma therapeutic options, according to tumour size [75]. Treatment can be either enucleation or globe preserving [76]. For most tumours’ radiotherapy is an option. Nevertheless, several effective options are now approved for adjuvant therapy besides observation, including immunotherapies [75]. However, in Veterinary Medicine, no clinical guidelines are available for the treatment of eye neoplasms. Decisions are made primarily based on the clinician preference, proficiency [77], and the owner’s financial constraints [38]. In addition, the indication should consider each patient’s health, aiming to preserve the affected eye vision [78] and avoid metastatic dissemination [7,57]. The knowledge of melanocytic neoplasms biological behaviour and characteristics, the affected area’s progression, the affected structures and the patient’s species are essential in therapeutic planning [20,38,79].



2.1. Local Surgical Removal


Local surgical excision can be performed when there is no invasion or compromise of adjacent structures, and the neoplasm site and extent allow total removal, with generous free margins, but with eye globe preservation [20,38]. Co-adjuvant treatments may be employed after surgical excision [20,42,52,80,81]. Patients should be closely monitored in follow-up consultations, with clinical evaluation of the ocular structures [77]. Particular attention must be given to complications related to glandular portion removal [82,83,84].



Wide excision may be required when the eyelid region is affected [38]; although, the species characteristics must be considered. For example, most lid neoplasms in cats are malignant and wider excision is necessary, often requiring blepharoplasty, sliding, and eyelid grafting of adjacent or facial tissue [85,86].



Small isolated conjunctival melanomas which not compromise the adjacent structures may undergo complete surgical resection [38]; however, sometimes conjunctival transposition may be required [20,86]. In addition, the third eyelid may undergo partial excision or total removal [20,86].



In the iris, small, isolated neoplasms with well-defined borders can be submitted to local excision with iridectomy (a section of total iris thickness is extirpated) or iridociclectomy (a portion of the iris and adjacent ciliary body is excised), which may include removal of the adjacent sclera. In cats, minor complications have been reported as mild intra-operative haemorrhage, fibrin clot, corneal ulcer, postoperative ocular hypertension, dyscoria, and pseudopolycoria [37]. Sclerectomy, with or without lamellar keratectomy, may be used as a treatment for canine and feline limbal melanomas that exhibit benign biological behaviour [29,44].



The sectoral exeresis techniques of isolated neoplasms may be successful. However, if the neoplasm invades the sclera or ciliary body, the success may be limited, with the risk of postoperative complications resulting in the need for ocular bulb excision or phthisis bulbi [86]. Still, as a form of repair and to preserve the anatomy and visual function, different grafts can be applied after the surgical removal of ocular melanoma [45,70,78,81,87,88].




2.2. Laser


Different lasers are used to treat various conditions and ophthalmic diseases [72,89,90] such as iris cyst, capsular opacification, glaucoma, retinal detachments, and pigmented ocular neoplasms [72,91]. Depending on the wavelength, intensity, and duration of exposure, tissues can absorb energy, so the laser can be adjusted to perform photocoagulation, thermotherapy, and photodynamic therapy or undergo ionisation with photodisruption action [92]. The most commonly used lasers in veterinary ophthalmology are neodymium:yttrium-aluminium-garnet (Nd:YAG), diode and CO2 [89]. The laser’s effect depends on the absorption by eye pigments, so the grade and type of eye pigment (melanin, haemoglobin and xanthophyll) and its absorption play important roles in phototherapy [93]. Diode lasers are especially attractive to veterinary ophthalmologists because of their high melanin absorption, which is particularly useful in veterinary patients’ typically heavily pigmented eyes [89].



Nd:YAG laser is used to treat limbal melanoma in dogs and cats, reducing pigmented tissues after treatment [70,88,94]. Diode laser photocoagulation has demonstrated excellent long-term results, is technically easy to perform, minimally invasive, and well-tolerated [95], in addition to its preferential absorption in tissues containing melanin, such as melanomas [72,96]. Other advantages of laser are avoiding intraocular complications, requiring only a short duration of general anaesthesia, and not requiring donor graft tissues. However, its main limitation is the higher recurrence rate [38].



Neoplasms with flat and small dimensions, such as isolated iris melanoma, can be considered for laser photocoagulation if successful laser penetration is predicted [72,96]. Dogs with isolated iris melanomas were treated using a laser diode through an operative microscopic adapter or an indirect ophthalmoscope. An immediate decrease in masses was observed. In neoplasms with a mean thickness greater than 2 mm, additional laser therapy may be required [72,96]. The energy adjustment should be made carefully to avoid dispersion of pigmented tissue and iatrogenic damages [72,96]. Secondary alterations after treatment have been reported, as focal corneal oedema, dyscoria [90], uveitis, hyphema, and cataract [88]. However, as previously stated, it is considered a minimally invasive and well-tolerated technique compared with other therapeutic modalities [88].



In cats, it is possible to ablate small, isolated, and hyperpigmented foci of the iris [97] through a diode laser photocoagulation, which induces lesion contraction [98]. However, due to the multifocal nature of these neoplasms, new lesions may arise [99]. Moreover, without previous histological examination, there is the risk of spreading cells and, consequently, metastases [20,98]. Therefore, although the use of laser on felines pigmented lesions has been suggested, it remains controversial [38]. In contrast to cats, anterior uveal melanomas in dogs metastasise late and less frequently. Therefore, laser photocoagulation is a more attractive approach to eliminating the lesion while preserving eye structure and vision [38].



For anterior uveal neoplasms, newer endoscopic diode lasers may prove to be even more beneficial. This technique uses a 20 g endoprobe that provides light, video, and diode laser. This technique allows accessing the posterior iris and ciliary body to precise visualisation and delivery of laser energy while maintaining the anterior chamber structure and avoiding eye collapse [38].



Isolated neoplasms on the third eyelid can benefit from CO2 laser excision, which proved efficient and effective, with excellent postoperative comfort and minimal complications [84]. However, when neoplasms are extracted using heat-generating devices, caution should be taken due to the samples impairment, which can be difficult for the histological analysis [100].



Additionally, due to their highly coherent monochromatic light emission, lasers are used as light delivery devices in photodynamic therapy, as described below.




2.3. Photodynamic Therapy


Photodynamic therapy is an evolving modality for treating various diseases, including ocular neoplasms. Its therapeutic effect involves photochemical reactions mediated by the interaction of photosensitising agents, light, and oxygen [101,102,103], which culminates in the oxidation of cancer cells and leads to apoptosis, necrosis, antiangiogenic effects, and immune stimulation [102,103]. PDT is minimally invasive, relatively non-toxic and has no carcinogenic or mutagenic effects [101]. Side effects of photodynamic therapy in veterinary medicine are rarely observed [104,105]. However, pruritus, photosensitisation [104], and increased body temperature [101] were occasionally reported [106].



Although several reports exist on PDT use in veterinary medicine, this treatment is not part of the standard treatments for ocular neoplasms [107,108,109,110,111,112,113]. However, in human medicine, PDT is indicated in treating several eye conditions, which justifies its interest in treating veterinary eye diseases [108].



A dog with scleral melanoma was submitted to photodynamic therapy with the photosensitiser 5-ethylamino-9-diethylaminobenzo[a]phenothiazine chloride (EtNBS), administered intravenously (2.0 mg/kg), and irradiated with a diode laser until 200 J/cm2. Although a visible part of the neoplasms became paler, the neoplasm diameter remained stable two months after PDT. Corneal and local conjunctival reaction (mild) was observed consisting of chemosis and hyperaemia (grade 1) [101].



PDT was also performed in a cat with a history of four surgical resections with recurrences of eyelid melanoma. After new lesion excision, free margins were not obtained, and intraoperative PDT was performed with Acridine orange (OA-PDT) to control residual tumour cells. A xenon light of 400–700 nm wavelength and 20.7 mW/cm2 was applied for 10 min at 10 cm from the field. No postoperative complications were observed after treatment. After 9 months, local recurrence was detected, and new surgical resection with PDT was performed. The animal died 16 months after treatment, and at this time point, no tumour recurrence was detected on the original site. Notably, during the follow-ups, no adverse effect from PDT was detected on the surgical site [52].



However, these are the only studies where PDT usefulness was accessed in veterinary ocular melanoma. Although the limited reports in dogs and cats, PDT successfully treated intraocular melanomas induced in rabbits [114,115,116,117,118], with neoplasm growth arrest [115], irreversible regression [117], and neoplasm destruction [114,116]. In a recent systematic review comparing the available treatments for induced ocular melanomas in rabbits, all options were effective in treating ocular melanoma, with more conservative options such as photodynamic therapy presenting great potential and fewer side effects [119].




2.4. Cryotherapy


Cryotherapy consists of a rapid freezing phase followed by a slow thaw phase, allowing temperatures that originate the formation of intracellular crystals, which will cause cellular disruption [81]. Two cycles are generally considered sufficient to achieve cell disruption [81]. Cryogenic therapy is often used as adjunctive therapy for various ocular pathologies, including surface and benign and malignant intraocular lesions [120].



Several cryogenic agents are used in veterinary medicine [87,121], with different minimum temperature ranges (liquid nitrogen up to −196 °C; nitrous oxide up to −80 °C; fluoroethane up to −70 °C) [42].



Tetrafluoroethane was used in dogs with limbal melanoma [81]. The treatment consisted of lamellar resection, cryotherapy, and adjuvant graft [81]. Clinical follow-up ranged from 6 months to 8.5 years, without recurrences detection. However, some post-procedure complications have been reported as uveitis, corneal ulceration, corneal oedema, granulation tissue, dyscoria, and corneal lipidosis [81]. In addition, post-procedure inflammation may be substantial and acute. Thus, careful follow-up evaluations of all eye structures should be performed when using cryotherapy, mainly when intraocular tissues are targeted [42].



Eyelids with flat pigmented lesions or after partial surgical removal may be submitted to cryotherapy procedures [20]. However, cryotherapy is not typically curative when used to treat palpebral melanoma [85], and cutaneous depigmentation may occur after cryotherapy due to the dermal melanocytes sensitivity [122].




2.5. Radiotherapy


Radiotherapy involves the use of ionising radiation in the form of particles or electromagnetic waves for disease treatment, mainly of neoplastic nature [123]. Radiation therapy is the main conservative therapy for ocular melanoma in ophthalmology [124]. In veterinary medicine, radiotherapy can be performed on patients as a curative or palliative approach [125].



A retrospective study evaluated the ocular side effects of cancer-bearing dogs and cats treated with Cobalt-60 (60Co) external beam radiation in which one or both orbit(s) were included in the radiation field. Eyelid lesions, conjunctivitis, keratoconjunctivitis sicca, keratitis, ulcerative keratitis, cataract, uveitis, and retinal lesions as ocular side effects were reported [125].



Thirty dogs with limbal melanoma were treated with lamellar resection and adjunct radiotherapy using strontium-90 (90Sr) plesiotherapy [80]. With this modality of brachytherapy, a low recurrence rate was reported. Post-procedure complications included corneal scarring, corneal neovascularisation, conjunctivitis, lipid keratopathy and focal bullous keratopathy, deep scleral tapering, focal scleromalacia, globular perforation, focal bullous keratopathy, and sectoral cortical cataract [29].



This treatment method is technically simple to perform, minimally invasive, well tolerated, and highly effective but is associated with a reasonably high rate of complications [81], requiring regular ophthalmologic follow-ups [125]. Moreover, radiotherapy treatment tends to be limited due to safety precautions, licensing, and expenses related to this therapeutic modality [42].




2.6. Enucleation


The enucleation comprises removing the globe eye, nictitating membrane, conjunctival sac, and lid margins [38]. This surgical technique is necessary when there is no possibility of local therapy [86], by the presence of inherent and intractable secondary intraocular alterations [97], particularly in those eyes that develop secondary glaucoma [10]. Other indications for enucleations are blind and painful eyes and the assumption of species-related neoplasm aggressiveness [14,126]. Visual and comfortable eyes may be preserved, mainly when the decision is based on assessing neoplasm malignancy by incisional biopsies or cytology of intraocular aspirates [73].



In dogs, neoplasm extension, neoplasm size, and mitotic index were not reliable predictors of survival after enucleation [7]. However, in cats, the extent of diffuse iris melanoma at the time of enucleation was correlated with survival, with larger neoplasm being associated with lower survival rates [15]. In addition, extrascleral extension, necrosis within the neoplasm, a mitotic index, choroidal invasion, and increased immunostaining intensity were associated with increased metastasis in the cat after enucleation [17].



Diffuse iris melanoma cannot be clinically differentiated from benign pigmentation. Therefore, these conditions remain a dilemma for the veterinary ophthalmologist when deciding whether to excise an eye that may not be affected by a malignant process or continue monitoring an affected eye, risking metastization if it is a malignant lesion [15,28]. In addition, the enucleation procedure is associated with complications such as oedema, haemorrhage and infections [86].




2.7. Exenteration


Exenteration removes all orbital tissue, including the eye bulb, conjunctiva, nictitating membrane, lacrimal gland, zygomatic salivary gland, extraocular muscles, palpebral margins, and even a part of the orbital periosteum, when necessary [86]. Therefore, exenteration is a more radical therapeutic option, aiming to remove the lesion with extensive surgical margins, restricting neoplasm development and eventual recurrences [127].



This way, orbital exenteration is indicated to treat advanced stages of invasive conjunctival [27], orbital [53] melanomas and when it shows evidence of crossing the sclera [3,128]. When orbital neoplasms invade the surrounding structures, they may also require orbitectomy [86], plus adjuvant therapies [53]. Additionally, neoplasms that affect and develop in the sclera may have a poor prognosis due to the possibility of haematogenous dissemination [9].



Both enucleation and exenteration are treatments with good results in patients with ocular melanoma [42]. The complications associated with exenteration are similar to those associated with enucleation. The postoperative swelling and the long-term wound contracture are usually higher because of the more significant amounts of orbital tissues excised [86].





3. Future Bioengineering Approaches


Despite the several therapeutic options currently available in veterinary practice, the treatment effectiveness and eye globe and vision conservation still need to be improved.



Research in veterinary medicine points to new perspectives in the treatment of this pathology. For instance, while there is no evidence that chemotherapy is effective against melanoma [9,129], studies on the KIT proto-oncogene receptor tyrosine kinase (KIT) in feline iris melanoma gene expression suggest a potential chemotherapy target [41,130] that needs to be explored.



A xenogeneic human tyrosinase DNA vaccine was bioengineered for the treatment of oral malignant melanoma, being recommended after local control has been achieved [20,131,132]. The experimental vaccine was administrated in a clinical study on melanoma patients, including a dog with ocular presentation (previously treated with exenteration). While this approach still needs optimisation, some patients showed long-term survivals [132]. Following this study, the vaccine was evaluated in 24 cats with melanoma. Four of these animals had ocular/periorbital topography affected. Despite some adverse effects (pigmentation at the application site, nausea, depression, inappetence, muscle fasciculations, and pain administration), the safety of the vaccine was established. However, efficacy and survival were not reported [131].



Further studies show encouraging potential to treat ocular melanomas in humans and animals. Regarding these, the use of implantable biomaterials and drug delivery systems present as therapeutic advancements for various ocular diseases [133].



The treatment of melanoma was demonstrated in a murine model, using bioresorbable, miniaturised porous silicon (p-Si) needles with covalently-linked drug cargos. Doses comparable to those of conventional polymeric microneedles were used. The needles remain embedded inside tissues and then undergo gradual degradation allowing for sustained release of the drug cargos [134]. Although developed for cutaneous melanoma, such devices present huge potential to treat ocular melanoma since the eye is easily accessible for materials implantation.



A model of choroidal melanoma was used to evaluate 125I brachytherapy dose distribution in the presence of gold nanoparticles. The authors concluded that when loading the choroidal tumour volume with gold nanoparticles, the dose distribution improves by increasing the dose to the tumour and decreasing it to the healthy tissues [135]. Moreover, regarding brachytherapy improvement, a new eye plaque was experimentally validated for clinical use in larger ocular melanoma tumours. Physical and dosimetric measurements for the 24 mm plaque agreed with nominal specifications and theoretical predictions. In addition, this plaque provided greater basal coverage and lower surface doses than existing plaques [136].




4. Final Considerations


This review presents the currently available treatments for melanocytic neoplasms. An early diagnosis and a detailed case evaluation are essential for treatment effectiveness. The diagnosis should be guided by detailed ophthalmological exams and supported by anatomopathological evaluation. Understanding these neoplasms’ cell biology and the incidence is necessary to perform a correct diagnosis and achieve the best prognosis. The treatment options should be carefully chosen, considering the patient’s, lesions, and owners features. Importantly, continuous monitoring of the animal is fundamental to control tumour recurrences or metastases. New therapies in onco-ophthalmology are being developed, from bioengineered vaccines to biomaterials and drug delivery systems. These possibilities might offer patients vision preservation and provide well-being and quality of life in the near future.







Author Contributions


Conceptualisation: M.F.B. and M.L.; data curation: T.G.G.; investigation: T.G.G. and K.M.C.; methodology: T.G.G., K.M.C. and C.M.M.; project administration: N.A. and M.L.; resources: M.F.B.; supervision; N.A., M.F.B. and M.L.; validation: P.T., C.M.M. and M.L.; visualisation: T.G.G., P.T. and C.M.M.; writing—original draft: T.G.G.; writing—review and editing: C.M.M., N.A., M.F.B. and M.L. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the Foundation for Science and Technology (FCT), Portugal, through a PhD fellowship awarded to T.G.G. (SFRH/BD/139319/2018). CIBB is funded by National Funds via FCT (Foundation for Science and Technology) through the Strategic Projects UID/NEU/04539/2019, UIDB/04539/2020, UIDP/04539/2020, and by COMPETE-FEDER (POCI-01-0145-FEDER-007440).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data are contained within the article.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Dubielzig, R.R. Veterinary Ocular Pathology: A Comparative Review; Saunders: Philadelphia, PA, USA, 2010; ISBN 9780702027970. [Google Scholar]

	



Vail, D.M.; Thamm, D.H.; Lipták, J.M.; Liptak, J. Withrow & MacEwen’s Small Animal Clinical Oncology, 6th ed.; Elsevier: Amsterdam, The Netherlands, 2019. [Google Scholar]

	



Michelle Willis, A.; Wilkie, D.A. Ocular oncology. Clin. Tech. Small Anim. Pract. 2001, 16, 77–85. [Google Scholar] [CrossRef]

	



Conceição, L.F.da; Ribeiro, A.P.; Piso, D.Y.T.; Laus, J.L. Considerations about ocular neoplasia of dogs and cats. Ciência Rural 2010, 40, 2235–2242. [Google Scholar] [CrossRef]

	



Dubielzig, R.R. Tumors of the Eye. In Tumors in Domestic Animals; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2016; pp. 892–922. [Google Scholar]

	



Wilcock, B.P.; Peiffer, R.L. Morphology and Behavior of Primary Ocular Melanomas in 91 Dogs. Vet. Pathol. 1986, 23, 418–424. [Google Scholar] [CrossRef]

	



Giuliano, E.A.; Chappell, R.; Fischer, B.; Dubielzig, R.R. A matched observational study of canine survival with primary intraocular melanocytic neoplasia. Vet. Ophthalmol. 1999, 2, 185–190. [Google Scholar] [CrossRef] [PubMed]

	



Smith, S.H.; Goldschmidt, M.H.; McManus, P.M. A Comparative Review of Melanocytic Neoplasms. Vet. Pathol. 2002, 39, 651–678. [Google Scholar] [CrossRef] [PubMed]

	



Perlmann, E. Estudo Morfológico das Neoplasias Melanocíticas Uveais em Cães. Ph.D. Theis, Universidade de São Paulo, São Paulo, Brazil, 2010. [Google Scholar]

	



Labelle, A.L.; Labelle, P. Canine ocular neoplasia: A review. Vet. Ophthalmol. 2013, 16, 3–14. [Google Scholar] [CrossRef] [PubMed]

	



Grahn, B.; Peiffer, R.; Wilcock, B. General pathology of the eye. In Histologic Basis of Ocular Disease in Animals; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2018; pp. 15–47. [Google Scholar]

	



Oriá, A.P.; Estrela-Lima, A.; Dórea Neto, F.de A.; Raposo, A.C.; Bono, E.T.; Monção-Silva, R. Main intraocular tumors in dogs and cats. Investigação 2015, 14, 33–39. [Google Scholar] [CrossRef]

	



Esson, D.; Fahrer, C.S.; Zarfoss, M.K.; Dubielzig, R.R. Suspected uveal metastasis of a nail bed melanoma in a dog. Vet. Ophthalmol. 2007, 10, 262–266. [Google Scholar] [CrossRef]

	



Bourguet, A.; Piccicuto, V.; Donzel, E.; Carlus, M.; Chahory, S. A case of primary choroidal malignant melanoma in a cat. Vet. Ophthalmol. 2015, 18, 345–349. [Google Scholar] [CrossRef]

	



Kalishman, J.B.; Chappell, R.; Flood, L.A.; Dubielzig, R.R. A matched observational study of survival in cats with enucleation due to diffuse iris melanoma. Vet. Ophthalmol. 1998, 1, 25–29. [Google Scholar] [CrossRef]

	



Day, M.J.; Lucke, V.M. Melanocytic neoplasia in the cat. J. Small Anim. Pract. 1995, 36, 207–213. [Google Scholar] [CrossRef]

	



Wiggans, K.T.; Reilly, C.M.; Kass, P.H.; Maggs, D.J. Histologic and immunohistochemical predictors of clinical behavior for feline diffuse iris melanoma. Vet. Ophthalmol. 2016, 19, 44–55. [Google Scholar] [CrossRef] [PubMed]

	



Malho, P.; Shea, A.; Donaldson, D. Nevus of Ota (oculodermal melanocytosis) in a dog. Vet. Ophthalmol. 2018, 21, 312–318. [Google Scholar] [CrossRef]

	



Giannikaki, S.; Sturgess, K.; Scurrell, E.; Cebrian, P.; Escanilla, N.; Lowe, R.C. Oculodermal Melanocytosis: Nevus of Ota in a Dog. Vet. Pathol. 2019, 56, 460–464. [Google Scholar] [CrossRef] [PubMed]

	



Wang, A.L.; Kern, T. Melanocytic Ophthalmic Neoplasms of the Domestic Veterinary Species: A Review. Top. Companion Anim. Med. 2015, 30, 148–157. [Google Scholar] [CrossRef]

	



Minami, T.; Patnaik, A.K. Malignant anterior uveal melanoma with diffuse metastasis in a dog. J. Am. Vet. Med. Assoc. 1992, 201, 1894–1896. [Google Scholar] [PubMed]

	



Jajou, S. Uveal amelanotic melanoma in a ragdoll cat. Can. Vet. J. La Rev. Vet. Can. 2020, 61, 645–647. [Google Scholar]

	



Hesse, K.L.; Fredo, G.; Guimarães, L.L.B.; Reis, M.O.; Pigatto, J.A.T.; Pavarini, S.P.; Driemeier, D.; Sonne, L. Ocular and annexes neoplasms in dogs and cats in Rio Grande do Sul: Cases 265 (2009–2014). Pesqui. Veterinária Bras. 2015, 35, 49–54. [Google Scholar] [CrossRef]

	



Similo, J.; Reed, Z. Abstracts: The 49Th Annual Scientific Meeting Of The American College Of Veterinary Ophthalmologists, Minneapolis, Minnesota, Sept 26–29, 2018. Vet. Ophthalmol. 2019, 22, E9–E60. [Google Scholar] [CrossRef]

	



Felipe, L.; Corrêa, D.; Chaves, R.O.; Teresa De Oliveira, M.; Pedro, J.; Feranti, S.; Copat, B.; Nilton, D.; Neto, P.; Pippi, N.L.; et al. Melanoma of the Iris, Ciliary Body and Choroid in a Dog’s Poodle. Acta Sci. Vet. 2016, 44, 122. [Google Scholar] [CrossRef]

	



Miwa, Y.; Matsunaga, S.; Kato, K.; Ogawa, H.; Nakayama, H.; Tsujimoto, S.; Sasaki, N. Choroidal Melanoma in a Dog. J. Vet. Med. Sci. 2005, 67, 821–823. [Google Scholar] [CrossRef]

	



Payen, G.; Estrada, M.; Clerc, B.; Chahory, S. A case of conjunctival melanoma in a cat. Vet. Ophthalmol. 2008, 11, 401–405. [Google Scholar] [CrossRef] [PubMed]

	



Rushton, J.G.; Ertl, R.; Klein, D.; Tichy, A.; Nell, B. Circulating cell-free DNA does not harbour a diagnostic benefit in cats with feline diffuse iris melanomas. J. Feline Med. Surg. 2019, 21, 124–132. [Google Scholar] [CrossRef] [PubMed]

	



Donaldson, D.; Sansom, J.; Scase, T.; Adams, V.; Mellersh, C. Canine limbal melanoma: 30 cases (1992–2004). Part 1. Signalment, clinical and histological features and pedigree analysis. Vet. Ophthalmol. 2006, 9, 115–119. [Google Scholar] [CrossRef]

	



Wong, J.R.; Nanji, A.A.; Galor, A.; Karp, C.L. Management of conjunctival malignant melanoma: A review and update. Expert Rev. Ophthalmol. 2014, 9, 185–204. [Google Scholar] [CrossRef]

	



Taylor, G.N.; Dougherty, T.F.; Mays, C.W.; Lloyd, R.D.; Atherton, D.R.; Jee, W.S.S. Radium-Induced Eye Melanomas in Dogs. Radiat. Res. 1972, 51, 361. [Google Scholar] [CrossRef]

	



Stiles, J.; Bienzle, D.; Render, J.A.; Buyukmihci, N.C.; Johnson, E.C. Use of nested polymerase chain reaction (PCR) for detection of retroviruses from formalin-fixed, paraffin-embedded uveal melanomas in cats. Vet. Ophthalmol. 1999, 2, 113–116. [Google Scholar] [CrossRef] [PubMed]

	



Taylor, G.N.; Lloyd, R.D.; Miller, S.C.; Muggenburg, B.A. Radium-induced eye melanomas in dogs. Health Phys. 2000, 79, 196–198. [Google Scholar] [CrossRef]

	



Albert, D.M.; Shadduck, J.A.; Craft, J.L.; Niederkorn, J.Y. Feline uveal melanoma model induced with feline sarcoma virus. Invest. Ophthalmol. Vis. Sci. 1981, 20, 606–624. [Google Scholar]

	



Petersen-Jones, S.M.; Forcier, J.; Mentzer, A.L. Ocular melanosis in the Cairn Terrier: Clinical description and investigation of mode of inheritance. Vet. Ophthalmol. 2007, 10, 63–69. [Google Scholar] [CrossRef]

	



Dees, D.D.; MacLaren, N.E.; Teixeira, L.; Dubielzig, R.R. An unusual case of ocular melanosis and limbal melanocytoma with benign intraorbital extension in a dog. Vet. Ophthalmol. 2013, 16, 117–122. [Google Scholar] [CrossRef] [PubMed]

	



Featherstone, H.J.; Scurrell, E.J.; Rhodes, M.; Pinheiro de Lacerda, R. Iris biopsy to investigate feline iris hyperpigmentation. Vet. Ophthalmol. 2020, 23, 269–276. [Google Scholar] [CrossRef] [PubMed]

	



Gelatt, K.N.; Ben-Shlomo, G.; Gilger, B.C.; Hendrix, D.V.H.; Kern, T.J.; Plummer, C.E. Veterinary Ophthalmology, 6th ed.; John Wiley & Sons: Hoboken, NJ, USA, 2021; ISBN 111944182X. [Google Scholar]

	



Collins, B.K.; Collier, L.L.; Miller, M.A.; Linton, L.L. Biologic behaviour and histologic characteristics of canine conjunctival melanoma. Prog. Vet. Comp. Ophthalmol. 1993, 3, 135–140. [Google Scholar]

	



Badanes, Z.; Espinheira Gomes, F.; Ledbetter, E.C. Choroidal melanocytic tumors in dogs: A retrospective study. Vet. Ophthalmol. 2020, 23, 987–993. [Google Scholar] [CrossRef]

	



Rushton, J.G.; Korb, M.; Kummer, S.; Reichart, U.; Fuchs-Baumgartinger, A.; Tichy, A.; Nell, B. Protein expression of KIT, BRAF, GNA11, GNAQ and RASSF1 in feline diffuse iris melanomas. Vet. J. 2019, 249, 33–40. [Google Scholar] [CrossRef] [PubMed]

	



Maggs, D.J.; Miller, P.E.; Ofri, R.; Mrcpsych, D.; Ofri, R.; Slatter, D.H. Slatter’s Fundamentals of Veterinary Ophthalmology, 6th ed.; Elsevier: Amsterdam, The Netherlands, 2017. [Google Scholar]

	



Harris, D. Atypical primary ocular melanoma in cats. Vet. Ophthalmol. 1999, 2, 121–124. [Google Scholar] [CrossRef]

	



Betton, A.; Healy, L.N.; English, R.V.; Bunch, S.E. Atypical Limbal Melanoma in a Cat. J. Vet. Intern. Med. 1999, 13, 379–381. [Google Scholar] [CrossRef]

	



Kanai, K.; Kanemaki, N.; Matsuo, S.; Ichikawa, Y.; Okujima, H.; Wada, Y. Excision of a feline limbal melanoma and use of nictitans cartilage to repair the resulting corneoscleral defect. Vet. Ophthalmol. 2006, 9, 255–258. [Google Scholar] [CrossRef]

	



Cook, C.S.; Rosenkrantz, W.; Peiffer, R.L.; MacMillan, A. Malignant melanoma of the conjunctiva in a cat. J. Am. Vet. Med. Assoc. 1985, 186, 505–506. [Google Scholar] [PubMed]

	



Patnaik, A.K.; Mooney, S. Feline Melanoma: A Comparative Study of Ocular, Oral, and Dermal Neoplasms. Vet. Pathol. 1988, 25, 105–112. [Google Scholar] [CrossRef]

	



Schobert, C.S.; Labelle, P.; Dubielzig, R.R. Feline conjunctival melanoma: Histopathological characteristics and clinical outcomes. Vet. Ophthalmol. 2010, 13, 43–46. [Google Scholar] [CrossRef]

	



Semin, M.O.; Serra, F.; Mahe, V.; Deviers, A.; Regnier, A.; Raymond-Letron, I. Choroidal melanocytoma in a cat. Vet. Ophthalmol. 2011, 14, 205–208. [Google Scholar] [CrossRef]

	



Roels, S.; Ducatelle, R. Malignant melanoma of the nictitating membrane in a cat (Felis vulgaris). J. Comp. Pathol. 1998, 119, 189–193. [Google Scholar] [CrossRef]

	



McLaughlin, S.A.; Whitley, R.D.; Gilger, B.C.; Wright, J.C.; Lindley, D.M. Eyelid neoplasms in cats: A review of demographic data (1979 to 1989). J. Am. Anim. Hosp. Assoc. 1993, 29, 63–67. [Google Scholar]

	



Hori, H.; Teramoto, Y.; Fukuyama, Y.; Maruo, T. Marginal Resection and Acridine Orange Photodynamic Therapy in a Cat with Recurrent Cutaneous Malignant Melanoma. Int. J. Appl. Res. Vet. Med. 2014, 12, 181–185. [Google Scholar]

	



de Lorimier, L.-P. Primary orbital melanoma without ocular involvement in a Balinese cat. Can. Vet. J. La Rev. Vet. Can. 2006, 47, 225–258. [Google Scholar]

	



Gould, D. Ocular tumours. In BSAVA Manual of Canine and Feline Oncology; British Small Animal Veterinary Association: Gloucester, UK, 2011; pp. 341–353. ISBN 978-1-905319-74-9. [Google Scholar]

	



Baptista, C.S.; Villagrasa, M.; Marinho, A.A. Standardised B-scan and A-scan echographic evaluation of spontaneous anterior uveal melanomas in the dog. Vet. J. 2006, 171, 322–330. [Google Scholar] [CrossRef]

	



Roberts, F.; Thum, C.K. The Orbit: Biopsy, Excision Biopsy, and Exenteration Specimens. In Lee’s Ophthalmic Histopathology; Springer: London, UK, 2014; pp. 363–394. ISBN 978-1-4471-2475-7. [Google Scholar]

	



Malho, P.; Dunn, K.; Donaldson, D.; Dubielzig, R.R.; Birand, Z.; Starkey, M. Investigation of prognostic indicators for human uveal melanoma as biomarkers of canine uveal melanoma metastasis. J. Small Anim. Pract. 2013, 54, 584–593. [Google Scholar] [CrossRef]

	



Wilkerson, M.J.; Dolce, K.; DeBey, B.M.; Heeb, H.; Davidson, H. Metastatic Balloon Cell Melanoma in a Dog. Vet. Clin. Pathol. 2003, 32, 31–36. [Google Scholar] [CrossRef] [PubMed]

	



Hyman, J.A.; Koch, S.A.; Wilcock, B.P. Canine choroidal melanoma with metastases. Vet. Ophthalmol. 2002, 5, 113–117. [Google Scholar] [CrossRef]

	



Withrow, S.J.; Vail, D.M.; Page, R.L. Withrow & MacEwen’s Small Animal Clinical Oncology; Elsevier: Amsterdam, The Netherlands, 2013; ISBN 9780323241977. [Google Scholar]

	



Finn, M.; Krohne, S.; Stiles, J. Ocular melanocytic neoplasia. Compend Contin Educ Vet 2008, 30, 19–25. [Google Scholar] [PubMed]

	



Delgado, E.; Silva, J.X.; Pissarra, H.; Peleteiro, M.C.; Dubielzig, R.R. Late prostatic metastasis of an uveal melanoma in a miniature Schnauzer dog. Clin. Case Rep. 2016, 4, 647–652. [Google Scholar] [CrossRef]

	



Friedman, D.S.; Miller, L.; Dubielzig, R.R. Malignant Canine Anterior Uveal Melanoma. Vet. Pathol. 1989, 26, 523–525. [Google Scholar] [CrossRef] [PubMed]

	



Galán, A.; Martín-Suárez, E.M.; Molleda, J.M.; Raya, A.; Gómez-Laguna, J.; Martín De Las Mulas, J. Presumed primary uveal melanoma with brain extension in a dog. J. Small Anim. Pract. 2009, 50, 306–310. [Google Scholar] [CrossRef]

	



Rovesti, G.L.; Guandalini, A.; Peiffer, R. Suspected latent vertebral metastasis of uveal melanoma in a dog: A case report. Vet. Ophthalmol. 2001, 4, 75–77. [Google Scholar] [CrossRef] [PubMed]

	



Planellas, M.; Pastor, J.; Torres, M.; Peña, T.; Leiva, M. Unusual presentation of a metastatic uveal melanoma in a cat. Vet. Ophthalmol. 2010, 13, 391–394. [Google Scholar] [CrossRef] [PubMed]

	



Bertoy, R.W.; Brightman, A.H.; Regan, K. Intraocular melanoma with multiple metastases in a cat. J. Am. Vet. Med. Assoc. 1988, 192, 87–89. [Google Scholar]

	



Krohn, J.; Ulltang, E.; Kjersem, B. Near-infrared transillumination photography of intraocular tumours. Br. J. Ophthalmol. 2013, 97, 1244–1246. [Google Scholar] [CrossRef] [PubMed]

	



Martens, A.L. Unusual presentation of an anterior uveal melanocytoma in a 3-year-old poodle. Can. Vet. J. La Rev. Vet. Can. 2007, 48, 748–750. [Google Scholar]

	



Maggio, F.; Pizzirani, S.; Peña, T.; Leiva, M.; Pirie, C.G. Surgical treatment of epibulbar melanocytomas by complete excision and homologous corneoscleral grafting in dogs: 11 cases. Vet. Ophthalmol. 2013, 16, 56–64. [Google Scholar] [CrossRef]

	



Bauer, B.; Leis, M.L.; Sayi, S. Primary corneal melanocytoma in a Collie. Vet. Ophthalmol. 2015, 18, 429–432. [Google Scholar] [CrossRef] [PubMed]

	



Spiess, B.M. The use of lasers in veterinary ophthalmology: Recommendations based on literature. Photonics Lasers Med. 2012, 1, 95–102. [Google Scholar] [CrossRef]

	



Sellam, A.; Desjardins, L.; Barnhill, R.; Plancher, C.; Asselain, B.; Savignoni, A.; Pierron, G.; Cassoux, N. Fine Needle Aspiration Biopsy in Uveal Melanoma: Technique, Complications, and Outcomes. Am. J. Ophthalmol. 2016, 162, 28–34. [Google Scholar] [CrossRef] [PubMed]

	



Martins, T.B.; Barros, C.S.L. Fifty years in the blink of an eye: A retrospective study of ocular and periocular lesions in domestic animals. Pesqui. Veterinária Bras. 2014, 34, 1215–1222. [Google Scholar] [CrossRef]

	



Barker, C.A.; Salama, A.K. New NCCN Guidelines for Uveal Melanoma and Treatment of Recurrent or Progressive Distant Metastatic Melanoma. J. Natl. Compr. Cancer Netw. 2018, 16, 646–650. [Google Scholar] [CrossRef] [PubMed]

	



Fallico, M.; Raciti, G.; Longo, A.; Reibaldi, M.; Bonfiglio, V.; Russo, A.; Caltabiano, R.; Gattuso, G.; Falzone, L.; Avitabile, T. Current molecular and clinical insights into uveal melanoma (Review). Int. J. Oncol. 2021, 58, 1. [Google Scholar] [CrossRef] [PubMed]

	



Beckwith-Cohen, B.; Bentley, E.; Dubielzig, R.R. Outcome of iridociliary epithelial tumour biopsies in dogs: A retrospective study. Vet. Rec. 2015, 176, 147. [Google Scholar] [CrossRef] [PubMed]

	



Mathes, R.L.; Moore, P.A.; Ellis, A.E. Penetrating sclerokeratoplasty and autologous pinnal cartilage and conjunctival grafting to treat a large limbal melanoma in a dog. Vet. Ophthalmol. 2015, 18, 152–159. [Google Scholar] [CrossRef]

	



Houston, S.K.; Wykoff, C.C.; Berrocal, A.M.; Hess, D.J.; Murray, T.G. Lasers for the treatment of intraocular tumors. Lasers Med. Sci. 2013, 28, 1025–1034. [Google Scholar] [CrossRef]

	



Donaldson, D.; Sansom, J.; Adams, V. Canine limbal melanoma: 30 cases (1992–2004). Part 2. Treatment with lamellar resection and adjunctive strontium-90beta plesiotherapy-efficacy and morbidity. Vet. Ophthalmol. 2006, 9, 179–185. [Google Scholar] [CrossRef]

	



Featherstone, H.J.; Renwick, P.; Heinrich, C.L.; Manning, S. Efficacy of lamellar resection, cryotherapy, and adjunctive grafting for the treatment of canine limbal melanoma. Vet. Ophthalmol. 2009, 12, 65–72. [Google Scholar] [CrossRef]

	



Saito, A.; Izumisawa, Y.; Yamashita, K.; Kotani, T. The effect of third eyelid gland removal on the ocular surface of dogs. Vet. Ophthalmol. 2001, 4, 13–18. [Google Scholar] [CrossRef] [PubMed]

	



Saito, A.; Watanabe, Y.; Kotani, T. Morphologic changes of the anterior corneal epithelium caused by third eyelid removal in dogs. Vet. Ophthalmol. 2004, 7, 113–119. [Google Scholar] [CrossRef]

	



Dees, D.D.; Knollinger, A.M.; MacLaren, N.E. Carbon dioxide (CO2) laser third eyelid excision: Surgical description and report of 7 cases. Vet. Ophthalmol. 2015, 18, 381–384. [Google Scholar] [CrossRef] [PubMed]

	



Aquino, S.M. Management of Eyelid Neoplasms in the Dog and Cat. Clin. Tech. Small Anim. Pract. 2007, 22, 46–54. [Google Scholar] [CrossRef] [PubMed]

	



Gelatt, K.N.; Gelatt, J.P.; Plummer, C. Veterinary Ophthalmic Surgery, 2nd ed.; Saunders Ltd., Ed.; Elsevier: Amsterdam, The Netherlands, 2011; ISBN 978-0-7020-3429-9. [Google Scholar]

	



Norman, J.C.; Urbanz, J.L.; Calvarese, S.T. Penetrating keratoscleroplasty and bimodal grafting for treatment of limbal melanocytoma in a dog. Vet. Ophthalmol. 2008, 11, 340–345. [Google Scholar] [CrossRef]

	



Plummer, C.E.; Kallberg, M.E.; Ollivier, F.J.; Gelatt, K.N.; Brooks, D.E. Use of a biosynthetic material to repair the surgical defect following excision of an epibulbar melanoma in a cat. Vet. Ophthalmol. 2008, 11, 250–254. [Google Scholar] [CrossRef] [PubMed]

	



Gilmour, M.A. Lasers in ophthalmology. Vet. Clin. N. Am. Small Anim. Pract. 2002, 32, 649–672. [Google Scholar] [CrossRef]

	



Chandler, M.J.; Moore, P.A.; Dietrich, U.M.; Martin, C.L.; Vidyashankar, A.; Chen, G. Effects of transcorneal iridal photocoagulation on the canine corneal endothelium using a diode laser. Vet. Ophthalmol. 2003, 6, 197–203. [Google Scholar] [CrossRef] [PubMed]

	



Gemensky-Metzler, A.J.; Wilkie, D.A.; Cook, C.S. The use of semiconductor diode laser for deflation and coagulation of anterior uveal cysts in dogs, cats and horses: A report of 20 cases. Vet. Ophthalmol. 2004, 7, 360–368. [Google Scholar] [CrossRef] [PubMed]

	



Singh, A.D. Ocular phototherapy. Eye 2013, 27, 190–198. [Google Scholar] [CrossRef]

	



Peyman, G.A.; Raichand, M.; Zeimer, R.C. Ocular effects of various laser wavelengths. Surv. Ophthalmol. 1984, 28, 391–404. [Google Scholar] [CrossRef]

	



Sullivan, T.C.; Nasisse, M.P.; Davidson, M.G.; Glover, T.L. Photocoagulation of limbal melanoma in dogs and cats: 15 cases (1989–1993). J. Am. Vet. Med. Assoc. 1996, 208, 891–894. [Google Scholar] [PubMed]

	



Andreani, V.; Guandalini, A.; D’Anna, N.; Giudice, C.; Corvi, R.; Di Girolamo, N.; Sapienza, J.S. The combined use of surgical debulking and diode laser photocoagulation for limbal melanoma treatment: A retrospective study of 21 dogs. Vet. Ophthalmol. 2017, 20, 147–154. [Google Scholar] [CrossRef] [PubMed]

	



Cook, C.S.; Wilkie, D.A. Treatment of presumed iris melanoma in dogs by diode laser photocoagulation: 23 cases. Vet. Ophthalmol. 1999, 2, 217–225. [Google Scholar] [CrossRef]

	



Pigatto, J.A.T.; Hünning, P.S.; Almeida, A.C.da V.R.; Pereira, F.Q.; Freitas, L.V.R.P.; Gomes, C.; Schiochet, F.; Rigon, G.M.; Driemeier, D. Diffuse Iris Melanoma in a Cat. Acta Sci. Vet. 2010, 38, 429–432. [Google Scholar]

	



Gent, G. Feline diffuse iris melanoma. Companion Anim. 2013, 18, 46–49. [Google Scholar] [CrossRef]

	



Sandmeyer, L.S.; Leis, M.L.; Bauer, B.S.; Grahn, B.H. Diagnostic Ophthalmology. Can. Vet. J. La Rev. Vet. Can. 2017, 58, 757–758. [Google Scholar]

	



Silverman, E.B.; Read, R.W.; Boyle, C.R.; Cooper, R.; Miller, W.W.; Mclaughlin, R.M. Histologic Comparison of Canine Skin Biopsies Collected Using Monopolar Electrosurgery, CO2 Laser, Radiowave Radiosurgery, Skin Biopsy Punch, and Scalpel. Vet. Surg. 2007, 36, 50–56. [Google Scholar] [CrossRef] [PubMed]

	



Frimberger, A.E.; Moore, A.S.; Cincotta, L.; Cotter, S.M.; Foley, J.W. Photodynamic therapy of naturally occurring tumors in animals using a novel benzophenothiazine photosensitizer. Clin. Cancer Res. 1998, 4, 2207–2218. [Google Scholar]

	



Qiang, Y.; Yow, C.; Huang, Z. Combination of photodynamic therapy and immunomodulation: Current status and future trends. Med. Res. Rev. 2008, 28, 632–644. [Google Scholar] [PubMed]

	



Bhuvaneswari, R.; Gan, Y.Y.; Soo, K.C.; Olivo, M. The effect of photodynamic therapy on tumor angiogenesis. Cell. Mol. Life Sci. 2009, 66, 2275–2283. [Google Scholar] [CrossRef]

	



Agostinis, P.; Berg, K.; Cengel, K.A.; Foster, T.H.; Girotti, A.W.; Gollnick, S.O.; Hahn, S.M.; Hamblin, M.R.; Juzeniene, A.; Kessel, D.; et al. Photodynamic therapy of cancer: An update. CA. Cancer J. Clin. 2011, 61, 250–281. [Google Scholar] [CrossRef] [PubMed]

	



Buchholz, J.; Walt, H. Veterinary photodynamic therapy: A review. Photodiagnosis Photodyn. Ther. 2013, 10, 342–347. [Google Scholar] [CrossRef]

	



Daniell, M.D.; Hill, J.S. A history of photodynamic therapy. ANZ J. Surg. 1991, 61, 340–348. [Google Scholar] [CrossRef]

	



Buchholz, J.; Wergin, M.; Walt, H.; Gräfe, S.; Bley, C.R.; Kaser-Hotz, B. Photodynamic therapy of feline cutaneous squamous cell carcinoma using a newly developed liposomal photosensitizer: Preliminary results concerning drug safety and efficacy. J. Vet. Intern. Med. 2007, 21, 770–775. [Google Scholar] [CrossRef] [PubMed]

	



Giuliano, E.A.; Ota, J.; Tucker, S.A. Photodynamic therapy: Basic principles and potential uses for the veterinary ophthalmologist. Vet. Ophthalmol. 2007, 10, 337–343. [Google Scholar] [CrossRef]

	



Giuliano, E.A.; MacDonald, I.; McCaw, D.L.; Dougherty, T.J.; Klauss, G.; Ota, J.; Pearce, J.W.; Johnson, P.J. Photodynamic therapy for the treatment of periocular squamous cell carcinoma in horses: A pilot study. Vet. Ophthalmol. 2008, 11, 27–34. [Google Scholar] [CrossRef] [PubMed]

	



Giuliano, E.A.; Johnson, P.J.; Delgado, C.; Pearce, J.W.; Moore, C.P. Local photodynamic therapy delays recurrence of equine periocular squamous cell carcinoma compared to cryotherapy. Vet. Ophthalmol. 2014, 17, 37–45. [Google Scholar] [CrossRef]

	



Hage, R.; Mancilha, G.; Zângaro, R.A.; Munin, E.; Plapler, H. Photodynamic Therapy (PDT) using intratumoral injection of the 5- aminolevulinic acid (5-ALA) for the treatment of eye cancer in cattle. In Proceedings of the Optical Methods for Tumor Treatment and Detection: Mechanisms and Techniques in Photodynamic Therapy XVI, San Jose, CA, USA, 20–21 January 2007; Volume 6427, p. 64271C. [Google Scholar]

	



Dobson, J.; de Queiroz, G.F.; Golding, J.P. Photodynamic therapy and diagnosis: Principles and comparative aspects. Vet. J. 2018, 233, 8–18. [Google Scholar] [CrossRef]

	



Flickinger, I.; Gasymova, E.; Dietiker-Moretti, S.; Tichy, A.; Rohrer Bley, C. Evaluation of long-term outcome and prognostic factors of feline squamous cell carcinomas treated with photodynamic therapy using liposomal phosphorylated meta-tetra(hydroxylphenyl)chlorine. J. Feline Med. Surg. 2018, 20, 1100–1104. [Google Scholar] [CrossRef] [PubMed]

	



Sery, T.W.; Dougherty, T.J. Photoradiation of rabbit ocular malignant melanoma sensitized with hematoporphyrin derivative. Curr. Eye Res. 1984, 3, 519–528. [Google Scholar] [CrossRef] [PubMed]

	



Chong, L.P.; Ozler, S.A.; de Queiroz, J.M.; Liggett, P.E. Indocyanine green-enhanced diode laser treatment of melanoma in a rabbit model. Retina 1993, 13, 251–259. [Google Scholar] [CrossRef] [PubMed]

	



Hill, R.A.; Reddi, S.; Kenney, M.E.; Ryan, J.; Liaw, L.H.; Garrett, J.; Shirk, J.; Cheng, G.; Krasieva, T.; Berns, M.W. Photodynamic therapy of ocular melanoma with bis silicon 2,3-naphthalocyanine in a rabbit model. Invest. Ophthalmol. Vis. Sci. 1995, 36, 2476–2481. [Google Scholar]

	



Schmidt-Erfurth, U.; Flotte, T.J.; Gragoudas, E.S.; Schomacker, K.; Birngruber, R.; Hasan, T. Benzoporphyrin-Lipoprotein-Mediated Photodestruction of Intraocular Tumors. Exp. Eye Res. 1996, 62, 1–10. [Google Scholar] [CrossRef]

	



Kines, R.C.; Varsavsky, I.; Choudhary, S.; Bhattacharya, D.; Spring, S.; McLaughlin, R.; Kang, S.J.; Grossniklaus, H.E.; Vavvas, D.; Monks, S.; et al. An Infrared Dye–Conjugated Virus-like Particle for the Treatment of Primary Uveal Melanoma. Mol. Cancer Ther. 2018, 17, 565–574. [Google Scholar] [CrossRef]

	



Guerra Guimarães, T.; Marto, C.M.; Menezes Cardoso, K.; Alexandre, N.; Botelho, M.F.; Laranjo, M. Evaluation of eye melanoma treatments in rabbits-a systematic review. Lab. Anim. 2021; In press. [Google Scholar] [CrossRef]

	



Tehrani, S.; Fraunfelder, F.W. Cryotherapy in Ophthalmology. Open J. Ophthalmol. 2013, 3, 103–117. [Google Scholar] [CrossRef]

	



Bosch, G.; Klein, W.R. Superficial keratectomy and cryosurgery as therapy for limbal neoplasms in 13 horses. Vet. Ophthalmol. 2005, 8, 241–246. [Google Scholar] [CrossRef]

	



Fraunfelder, F.W. Liquid nitrogen cryotherapy for surface eye disease (an AOS thesis). Trans. Am. Ophthalmol. Soc. 2008, 106, 301–324. [Google Scholar]

	



LaRue, S.M.; Custis, J.T. Advances in Veterinary Radiation Therapy. Vet. Clin. North Am. Small Anim. Pract. 2014, 44, 909–923. [Google Scholar] [CrossRef] [PubMed]

	



Chen, M.X.; Liu, Y.M.; Wei, W.B. Complications and status quo of plaque radiotherapy for uveal melanoma. Zhonghua. Yan Ke Za Zhi. 2018, 54, 707–711. [Google Scholar] [CrossRef] [PubMed]

	



Pinard, C.L.; Mutsaers, A.J.; Mayer, M.N.; Woods, J.P. Retrospective study and review of ocular radiation side effects following external-beam Cobalt-60 radiation therapy in 37 dogs and 12 cats. Can. Vet. J. La Rev. Vet. Can. 2012, 53, 1301–1307. [Google Scholar]

	



Mould, J.R.B.; Petersen-Jones, S.M.; Peruccio, C.; Ratto, A.; Sassani, J.W.; Harbour, J.W. Uveal Melanocytic Tumors. In Ocular Tumors in Animals and Humans; Iowa State Press: Ames, IA, USA, 2008; pp. 225–282. [Google Scholar]

	



Moshfeghi, D.M.; Moshfeghi, A.A.; Finger, P.T. Enucleation. Surv. Ophthalmol. 2000, 44, 277–301. [Google Scholar] [CrossRef]

	



Diters, R.W.; Dubelzig, R.R.; Aguirre, G.D.; Acland, G.M. Primary Ocular Melanoma in Dogs. Vet. Pathol. 1983, 20, 379–395. [Google Scholar] [CrossRef]

	



Cazalot, G.; Raymond-Letroni, I.; Regnier, A. Choroidal melanoma presented as glaucoma in a dog: Case report and review of the literature. Rev. Med. Vet. (Toulouse). 2008, 159, 74–78. [Google Scholar]

	



London, C.A. Tyrosine Kinase Inhibitors in Veterinary Medicine. Top. Companion Anim. Med. 2009, 24, 106–112. [Google Scholar] [CrossRef]

	



Sarbu, L.; Kitchell, B.E.; Bergman, P.J. Safety of administering the canine melanoma DNA vaccine (Oncept) to cats with malignant melanoma-a retrospective study. J. Feline Med. Surg. 2017, 19, 224–230. [Google Scholar] [CrossRef] [PubMed]

	



Bergman, P.J.; McKnight, J.; Novosad, A.; Charney, S.; Farrelly, J.; Craft, D.; Wulderk, M.; Jeffers, Y.; Sadelain, M.; Hohenhaus, A.E.; et al. Long-term survival of dogs with advanced malignant melanoma after DNA vaccination with xenogeneic human tyrosinase: A phase I trial. Clin. Cancer Res. 2003, 9, 1284–1290. [Google Scholar]

	



Baino, F.; Kargozar, S. Regulation of the Ocular Cell/Tissue Response by Implantable Biomaterials and Drug Delivery Systems. Bioengineering 2020, 7, 65. [Google Scholar] [CrossRef]

	



Kim, H.; Lee, H.S.; Jeon, Y.; Park, W.; Zhang, Y.; Kim, B.; Jang, H.; Xu, B.; Yeo, Y.; Kim, D.R.; et al. Bioresorbable, Miniaturized Porous Silicon Needles on a Flexible Water-Soluble Backing for Unobtrusive, Sustained Delivery of Chemotherapy. ACS Nano 2020, 14, 7227–7236. [Google Scholar] [CrossRef]

	



Zabihzadeh, M.; Rezaee, H.; Hosseini, S.; Feghhi, M.; Danyaei, A.; Hoseini-Ghahfarokhi, M. Improvement of dose distribution in ocular brachytherapy with 125 I seeds 20-mm COMS plaque followed to loading of choroidal tumor by gold nanoparticles. J. Cancer Res. Ther. 2019, 15, 504. [Google Scholar] [CrossRef] [PubMed]

	



McCauley Cutsinger, S.; Forsman, R.; Corner, S.; Deufel, C.L. Experimental validation of a new COMS-like 24 mm eye plaque for the treatment of large ocular melanoma tumors. Brachytherapy 2019, 18, 890–897. [Google Scholar] [CrossRef] [PubMed]








[image: Bioengineering 08 00225 g001 550] 





Figure 1. Clinical presentation of several ocular melanocytic tumours diagnosed in dog and cat patients: (A) a dog with expansive/invasive neoformation in the epibulbar region, which is intensely pigmented and with the presence of corneal oedema; (B) a dog with neoformation affecting the superior eyelid in a large extension; (C) a cat with a left eye showing an alteration of pigmentation, which may reflect a manifestation of diffuse melanoma; (D) a cat with a right eye affected with glaucoma secondary to a diffuse neoformation. 
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Figure 2. Therapeutic strategies currently available for melanocytic neoplasms. Created with BioRender.com (accessed on 15 December 2021). 
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