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Abstract: Melanocytic neoplasia is the most common form of ocular tumour in cats, accounting for
67% of cases in an analysis of 2614 cases of primary ocular neoplasia. Feline diffuse iris melanoma
(FDIM) is by far the most common form of ocular melanocytic neoplasia, with limbal melanomas
and atypical melanoma (melanoma affecting the choroid or ciliary body) infrequently recognised.
Early lesions begin as flat areas of pigmentation of the iris, known as iris melanosis. This melanosis
is a precursor lesion that can become FDIM when pigmented cells infiltrate the anterior iris stroma,
commonly alongside a transition in cell morphology. The differentiation between FDIM and benign
iris melanosis is only recognisable though histologic examination, with no in vivo means of identify-
ing the malignant transformation. The behaviour of FDIM is variable and difficult to predict. Some
FDIM lesions have a more benign progression and can slowly grow or remain static for years without
affecting the ocular or systemic health of the individual, whilst other tumours behave aggressively,
invading the ocular structures and significantly affecting the life expectancy of cats through metastatic
disease. This makes management and timely enucleation of these cases challenging in practice. This
article aims to review our current knowledge of FDIM.

Keywords: feline; uveal; melanoma; iris; melanosis

1. Introduction

The average age of cats affected with feline diffuse iris melanoma (FDIM) is 9.4 years [1]
with a reported range from 2 to 23.1 years [2–6]. FDIM begins as hyperpigmented foci
consisting of a proliferation of dysplastic melanocytes, which appear as flat, brown spots on
the iris surface. Dysplastic features of the melanocytes were defined by Featherstone et al.
(2019) as plump, pigmented melanocytes with varying degrees of anisokaryosis with
or without hyperchromasia and/or discernible nucleoli [5]. These precursor lesions are
considered benign and are known as iris melanosis, where the melanocytes are confined to
the anterior iris in 1–3 layers, regardless of the degree of melanocyte atypia. The behaviour
of these lesions is unpredictable. Some remain static or grow slowly over months to years,
resulting in only a cosmetic change to the iris. Others may progress rapidly [2]. The
transition of iris melanosis to early FDIM is only recognisable histologically, where invasion
of the dysplastic melanocytes into the iris stroma occurs [7].

Amelanotic variants occur infrequently and may be mistaken clinically for inflamma-
tory lesions [8,9]. FDIM progressively expands through the iris, iridocorneal drainage angle
and ciliary body, eventually penetrating the sclera. Iris thickening, dyscoria and reduced
pupil mobility and secondary glaucoma may occur secondary to tumour infiltration of the
iridocorneal angle. The tumour may exfoliate into the anterior chamber, and dissemination
of neoplastic cells via the aqueous humour is a suggested route of metastasis [9]. Extraocu-
lar metastasis is most likely through haematogenous spread via the scleral venous plexus.
The sclera must be penetrated by neoplastic cells for lymphatic spread to occur, as the eye
is devoid of lymphatics [8]. Metastatic disease most commonly occurs in the liver but also
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the lungs, kidneys, spleen, lymph nodes, brain and bone [1–4,8,10,11]. A latent period
of several years between diagnosis of FDIM and death from metastatic disease has been
reported [2–4]. There are wide variations of observed metastatic rates between studies,
ranging from 19% to 63% [3,4]. Local recurrence in the orbit is also possible following
enucleation [1].

Uveitis and lens capsule rupture have also been described as concurrent findings [2,4,8,12].
Enucleation is the standard treatment for FDIM, with no data on surgical iridectomy or
photocoagulation using a neodymium:yttrium, aluminium, garnet (Nd:YAG) laser [10].
These treatments are not recommended in the treatment of FDIM cases due to the high
metastatic potential and diffuse nature of the disease [13].

Experimental intracameral injection of feline sarcoma virus (FeSV) in kittens has been
shown to induce the formation of metastatic melanoma of the iris and ciliary body [14].
The presence of naturally occurring feline leukaemia virus (FeLV) and feline sarcoma virus
(FeSV) was later investigated by Stiles et al.; nested polymerase chain reaction (PCR) testing
was performed on deparaffinised tissue sections from 36 formalin-fixed paraffin-embedded
(FFPE) globes with FDIM. The study identified that 3 out of 36 globes were positive for
FeLV-FeSV [15]. A further study by Cullen et al. failed to identify FeLV-FeSV on PCR and
immunohistochemistry (IHC) testing of 10 FFPE globes with FDIM [16].

FDIM tends to remain limited to the anterior uvea, not expanding posteriorly. By
contrast, feline atypical melanoma originates from any area of the uvea that is not the
anterior iris. As the name suggests, it is infrequently recognised, representing only 1% of
feline neoplasms in the comparative ocular pathology laboratory of Wisconsin (COPLOW)
collection [1]. A characteristic feature of atypical melanoma is the aggregation of cells in
the subretinal space [1]. Cases are often only recognised after advanced ocular infiltration
occurs, due to the posterior origin of the neoplasm [17]. Histologically, cells have a uniform
morphology and appear round and darkly pigmented with small round nucleoli. By com-
parison, advanced FDIM tumour cells are lightly pigmented and highly anaplastic. Atypical
melanoma has a metastatic potential, despite a relatively bland cell morphology [1,17]. A
single case of feline primary choroidal melanocytoma [18] and melanoma [19] have been
reported. There is a single case report of a non-pigmented iris melanoma arising from a
phthisical eye in a 13-year-old female domestic shorthair cat [20].

2. Diagnostic Evaluation
2.1. Introduction

Cats presenting with iris hyperpigmentation should undergo a full, routine ocular ex-
amination. Slit lamp biomicroscopy, gonioscopy and indirect ophthalmoscopy are essential
to characterise and evaluate the extent of the lesions; as well as to identify any potential
indicators of malignancy. As the dysplastic melanocytes first infiltrate the iris stroma and
become early FDIM, lesions are initially indistinguishable from iris melanosis on ocular
examination (Figure 1) [2,5]. However, as FDIM progresses, infiltration of the iris stroma
leads to recognisable changes such as iris thickening, dyscoria, reduced pupil mobility,
pigment dispersion in the anterior chamber and involvement of the iridocorneal angle [10].

Intraocular pressure measurement should be performed due to the risk of secondary
glaucoma with tumour infiltration of the iridocorneal angle. FDIM is an important differ-
ential for cats presenting with unilateral glaucoma. Figure 2 is of a 12-year-old Domestic
Shorthair that presented for evaluation of unilateral glaucoma. Subsequent enucleation
with histopathology confirmed the cause to be FDIM.

Frequent re-examination and careful photographic documentation are recommended
for slowly progressive lesions or modest changes [10].

Densely pigmented iridociliary cysts can be mistaken for melanocytic neoplasia.
Fragola et al. reported on a case series of 14 globes that were mistakenly enucleated
based on a suspicion of neoplasia: all 14 globes contained one or more iridociliary cysts
and were free from neoplastic changes. Of these globes, eight were enucleated on suspicion
of melanocytic neoplasia. The majority (n = 9) of globes were enucleated on the recom-
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mendation of board-certified veterinary ophthalmologists. The suspected neoplasia was
thought to be within the iris in half of the cases (n = 7) [21].
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Figure 1. (A) Multifocal iris hyperpigmentation in a 4-year-old Domestic Shorthair. (B) Extensive, 
diffuse hyperpigmentation of the iris of a 7-year-old Domestic Shorthair with appearance of the 
iridocorneal drainage angle in the same eye (C). Gonioscopy is performed routinely for all cases 
presenting with a suspicion of feline diffuse iris melanoma (FDIM). The hyperpigmentation in both 
cases may represent iris melanosis or FDIM and iris biopsy should be considered. 
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Figure 1. (A) Multifocal iris hyperpigmentation in a 4-year-old Domestic Shorthair. (B) Extensive,
diffuse hyperpigmentation of the iris of a 7-year-old Domestic Shorthair with appearance of the
iridocorneal drainage angle in the same eye (C). Gonioscopy is performed routinely for all cases
presenting with a suspicion of feline diffuse iris melanoma (FDIM). The hyperpigmentation in both
cases may represent iris melanosis or FDIM and iris biopsy should be considered.

Iridociliary cysts may appear at the pupil and originate from the posterior iris ep-
ithelium. In most cases they are an incidental finding, not causing a clinical problem [22].
Iridociliary cysts can result in dyscoria and may also occur in the contralateral eye.

Ocular ultrasonography can help differentiate between a melanocytic mass and thick-
walled, densely pigmented iridociliary cysts. It can also aid characterisation of the extent
of an ocular neoplastic mass [13].

Advanced cross-sectional imaging such as computed tomography (CT) or magnetic
resonance imaging (MRI) are also recommended imaging modalities when there is a
suspicion of FDIM, in order to ascertain the involvement of the periorbital bony structures,
as well as screening for the presence of metastatic disease [13].
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Figure 2. (A) Photograph of a 12-year-old Domestic Shorthair presenting for unilateral glaucoma.
Subsequent enucleation resulted in a histopathologic diagnosis of feline diffuse iris melanoma. (B) A
high magnification (400×) H&E section from the same case. Note the heavily pigmented posterior iris
epithelium aiding orientation of the image. The iris is infiltrated with spindle to round cells. Most cells
have a lightly pigmented brown granular cytoplasm with scattered highly pigmented cells. Nuclei are
round to ovoid with coarsely stippled chromatin and often a single prominent nucleolus. Anisocytosis
and anisokaryosis are mild and mitoses are rare which is not typical of FDIM. Image (B) courtesy of
Linda Morrison and Alexandra Malbon (University of Edinburgh Pathology Department).

2.2. Iris Biopsy

As histological examination is required to differentiate early FDIM from iris melanosis,
appropriate management of cats with hyperpigmented iris lesions can be a significant
challenge for clinicians. Iris biopsy has been described to be a useful diagnostic technique to
differentiate between an early FDIM and iris melanosis in order to justify early enucleation
of cases of FDIM [5].

Featherstone et al. (2019) described the technique and complications in a retrospective
review of seven cats that underwent iris biopsy under general anaesthesia and neuro-
muscular blockade. Between one and six biopsies were taken from each iris, with partial
thickness samples in 4/7 cases and full thickness samples in the rest of the cases. Only
minor complications were identified including mild, self-limiting iris haemorrhage (n = 4),
the formation of a fibrin clot in the anterior chamber (n = 2), pseudopolycoria (n = 2), corneal
ulceration (n = 1) and dyscoria (n = 1). Post-operative ocular hypertension occurred in
both eyes of one cat that underwent concurrent phacoemulsification surgery. Two biopsies
were consistent with FDIM and resulted in enucleation of the globe. Histopathology of the
enucleated globes confirmed FDIM in both cases [5].

2.3. Histologic Evaluation

Morphologic characteristics are usually sufficient for diagnosis of feline uveal melanomas.
Histologic indicators of melanocyte malignancy include an increase in mitotic figures, a
higher nuclear: cytoplasmic ratio and an increase in nuclear pleomorphism (including
mononuclear gigantism and multinucleation). However, no clear cut-off value exists for
these criteria.

FDIM begins as a cluster of small, angular pigmented cells on the anterior iris surface.
These precursor lesions are considered benign regardless of the number of dysplastic
features displayed [5]. They are only considered malignant once the dysplastic melanocytes
begin to invade the iris stroma. This may coincide with a cell morphology shift from small,
angular cells to rounded cells with a round nucleus and prominent nucleolus [7]. Figure 3
is a series of histological sections demonstrating features of melanocyte dysplasia as well
as invasion of the iris stroma with neoplastic melanocytes.
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Figure 3. H&E histopathology sections of the feline iris. (A) A high magnification (×600) section
showing a melanocyte with a prominent, open nucleus with a small distinct nucleolus, indicating
nuclear atypia. (B) A high magnification (×600) section of an early case of FDIM with the very
start of invasion of the stroma with dysplastic melanocytes. A low magnification (×100) (C) and a
high magnification (×400) (D) section of two separate cases of FDIM. Dysplastic melanocytes with
anisokariosis and nuclear atypia line the anterior iris stroma (arrows) and invade the iris stroma
(circles). Images courtesy of Emma J. Scurrell (CytoPath Veterinary Pathology).



Vet. Sci. 2022, 9, 46 6 of 13

FDIM displays a wide variety in cellular morphology including round or polygonal
cell, spindle cell, balloon cell, anaplastic variants and giant cell types [8]. There is no
correlation between metastatic disease and cellular morphology or presence of balloon
cells [7]. Melanin bleaching of heavily pigmented samples may be required to reveal
cytologic detail in order to detect mitoses and nuclear atypia [23].

Intraocular melanomas can show epithelial, round cell and mesenchymal character-
istics, making morphologic diagnosis of poorly pigmented variants challenging [1,13].
Figure 4 demonstrates the gross appearance of an amelanotic variant compared to the more
common pigmented variant.
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melanocytes. Images courtesy of Emma J. Scurrell (Cytopath Veterinary Pathology).

Poorly differentiated FDIM may be mistaken for pleomorphic lymphoma, histiocytic
sarcoma or anaplastic metastatic carcinoma [23]. Immunostaining with S-100, Melan-A,
tyrosinase-related protein-2 (TRP-2) human melanosome-specific antigen-1 (HMSA-1) and
HMSA-5 may aid in the diagnosis of poorly pigmented feline ocular melanomas [12,13,23,24].
The use of PNL2 staining has also been described but is associated with the degree of
pigmentation and its use in poorly pigmented ocular melanomas has yet to be investigated
in cats [25]. However, all of the stains have a variable sensitivity and specificity, and, there-
fore, multiple markers should be used to confirm a diagnosis of melanocytic neoplasia [13].
Grahn et al. (2006) found a 12% discordance between morphologic diagnosis of feline
intraocular tumours and diagnosis based on histochemical staining and IHC labelling. The
authors developed an algorithm for the diagnosis of primary and metastatic intraocular
neoplasms in cats. For a diagnosis of melanoma, samples had to stain positive for vimentin
and negative for periodic acid-Schiff (PAS). Additionally, samples had to either be positive
for S-100 and tyrosinase or positive for HMSA5 and negative for CD3 and LY5 [12].

3. Factors Associated with Metastatic Disease
3.1. Histologic and Morphologic Characteristics

Early reports on FDIM found a high metastatic rate. Patnaik and Mooney (1988)
looked at 16 cats with a histopathological diagnosis of FDIM based on enucleation samples.
Follow-up information was available for 14 cats. Metastatic disease was found in 63%
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of cats and confirmed on postmortem examination and histopathology. All 16 cases had
advanced neoplastic infiltration of the globes. In six cases, the tumour involved the iris
and ciliary body; in four cases, the tumour ‘extended to the sclera, cornea, chambers of the
eye and beyond’, and in four cases, ‘the whole globe was replaced by the neoplasm’ [3].
Although a high metastatic rate was observed by the study, many of the globes clearly had
advanced disease at the time of enucleation.

Several histological characteristics have since been reported to be associated with
the rate of metastatic disease. Kalishman et al. (1998) showed that the degree of tumour
extension was significantly associated with survival times. The study categorized cases into
‘early’, ‘moderate’ and ‘advanced’ groups. In ‘early’ cases (n = 9), tumours were confined
to the iris and trabecular meshwork. Cases in this category had comparable survival time
to control cats. ‘Moderate’ (n = 12) was defined as tumour in the iris, rostral ciliary body
but not the sclera. ‘Advanced’ (n = 13) cases had tumour throughout the ciliary body and
extending into the sclera. Increasing tumour grade was significantly associated with a
decreased survival time after adjustment for age (p = 0.007). This provided some evidence
to support early enucleation of cases with FDIM. However, the study lacked data on the
cause of death in most of the cases. Metastatic disease was presumed to be the cause of
death based on a history of weight loss or a palpable abdominal mass [2].

A more recent work by Wiggans et al. looked at 47 enucleated eyes with a diagnosis of
FDIM and analysed the prognostic value of various histological and immunohistochemical
characteristics. Histological analysis was followed by immunolabelling of the sections
against melan-A, B-Raf, PNL2 and epithelial cadherin (E-cadherin) [4]. The study sup-
ported previous findings that local tumour invasion is associated with an increased rate of
metastasis. Extrascleral extension (p = 0.039), choroidal invasion (p = 0.045) and necrosis
within the neoplasm (p = 0.026) were found to be significant risk factors for metastasis [4].
The study also confirmed previous findings of an association between a high mitotic index
with a worse prognosis [8], with a cut off value given as >7 mitoses per high power field
associated with an increased rate of metastasis (p = 0.024). Contrasting with previous
reports, the study did not show an association between scleral venous plexus penetration
and metastatic rate. There was no association between cell morphology and the rate of
metastasis. The majority of tumours had a mixed epithelioid-spindle cell morphology
(n = 31) followed by epithelioid cells only (n = 16) and the presence of balloon cells (n = 12).
Metastatic disease was suspected in 9/47 (19%) cats: in 7/9 cases based on masses identified
on abdominal ultrasonography (n = 6) and thoracic radiographs (n = 1); two cases had
metastatic disease confirmed histopathologically on postmortem examination [4].

3.2. Immunohistochemical Markers

Wiggans et al. found that increased metastatic rates were associated with increased
E-cadherin (p = 0.036) and Melan-A (p = 0.023) label intensity. A decreased metastatic rate
was associated with increased PNL2 label homogeneity (p = 0.008). The study also observed
that B-Raf was consistently expressed by FDIM cells but not by normal melanocytes [4].

Melan-A is an antigen expressed by normal melanocytes and increased expression has
been found to be associated with increased survival times in humans. Human studies have
shown differing expression patterns between cutaneous and ocular melanomas. Uveal
melanomas showed homogenous expression but 17% of cutaneous melanomas lacked
expression [26]. Melan-A is recognised by T-lymphocytes [27] and is therefore a potential
target for immunotherapy.

Melanocytes form adherent and regulatory junctions to neighbouring cells via E-
cadherin transmembrane proteins [28]. Reduced expression is associated with an increased
metastatic rate in human cutaneous melanoma as well as other neoplasia [29]. By contrast,
upregulation in human and canine uveal melanocytic neoplasia has been associated with
an increased risk of metastatic disease [30,31]. FDIM behaviour more closely mimics the
behaviour of uveal melanomas than cutaneous melanomas in these species [4,30,31].
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B-Raf is the product of the oncogene serine/threonine kinase (BRAF), with gain of
function mutations identified in uveal melanomas of humans [4].

3.3. Circulating Cell-Free DNA (cfDNA)

cfDNA is non-encapsulated DNA that enters the bloodstream following apoptosis or
necrosis of cells. cfDNA levels have been shown to be of diagnostic and prognostic value
in humans and dogs with cancer and other pathologies [32].

Rushton et al. (2019) showed that cell-free DNA (cfDNA) was not of use as a diagnostic
or prognostic tool for FDIM. There were no significant differences in cfDNA concentration
or integrity index (p > 0.01) between cats with iris melanoma (n = 34), iris naevi (n = 30) or
the control groups with no melanocytic abnormalities of the iris (n = 32) [33].

The study may have been limited due to the small amount of cfDNA extracted from
the plasma of cats compared to humans due to the relatively small volume of plasma
obtained. Histology was only performed on 24 globes that were enucleated following a
suspicion of FDIM. The other globes were diagnosed based on clinical examination alone
and hence the results may be prone to misinterpretation. The study suggested that the
lack of a breakdown of the blood aqueous barrier, in all but extremely advanced cases
of FDIM, may prevent significant levels of cfDNA reaching the bloodstream. In humans
with retinoblastoma, aqueous humour liquid biopsy has been shown to yield superior
amounts of tumour-derived cfDNA to that of blood [34]. cfDNA obtained from the aqueous
humour was associated with therapeutic response of retinoblastoma. Tumour progression
was associated with a higher tumour fraction (TFx) (the proportion of cfDNA that is
derived from the tumour) and tumour-derived somatic copy number alterations (SCNA)
(p ≤ 0.04) [35].

Future research into the presence of cfDNA in the aqueous humour of cats with ocular
melanomas is suggested [33].

3.4. The Role of Tumour Infiltrating Lymphocytes (TILs)

TILs are host immune cells directed against neoplastic cells. Their presence has been
associated with an improved prognosis in melanomas. Multiple studies have also shown
their significance as therapeutic targets and response to cancer immunotherapy [36].

A preliminary report by Porcellato et al. investigated the association between TILs
and immunohistochemical markers and histological features. Thirty-six cases of feline
melanomas were selected [25]. Of those, 12 were ocular melanomas, 18 cutaneous melanomas
(2 of which were melanocytomas) and 8 oral melanomas. The cases underwent histological
evaluation before immunohistochemistry staining was performed with antibodies for S100,
melan-A and PNL2 to confirm the histologic diagnosis. Cases had to be positive for S100
and either melan A or PNL2 to be confirmed as melanocytic neoplasms and included in
the study. Evaluation of TIL presence, distribution and density was performed before
samples underwent immunohistochemistry staining with CD3 and CD20 Rabbit polyclonal
antibody markers. TILs were shown to be frequently found in the melanocytic neoplastic
microenvironment of cats. Higher TIL grades were associated with lower expression of
Melan-A and PNL2 (p < 0.05) as well as the percentage of necrosis in ocular melanocytic
tumours [36]. The results suggest that TILs may be associated with histologic features of
malignancy and loss of Melan-A and PNL2 expression.

3.5. Secondary Glaucoma

Kalishman et al. found that secondary glaucoma was a negative prognostic indicator
for survival in cats with FDIM. However, the age-adjusted value for glaucoma and survival
was not statistically significant (p = 0.07) [5]. A more recent study by Wiggans et al. did
not find a statistically significant relationship between the presence of secondary glaucoma
and metastatic disease (p = 0.36) [7].
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4. Gene Expression and Mutational Analysis

Rushton et al. (2017) performed a pilot study into the genetic landscape of ocular
melanomas by investigating possible gene mutations as well as the gene expression status
of the genes most commonly involved in initiation and progression of uveal melanomas
in humans and dogs. DNA sequencing (n = 10) and RNA expression levels (n = 10)
were measured through quantitative real-time polymerase chain reaction (RT-qPCR) from
12 samples of ocular melanoma (11 iris melanomas and 1 conjunctival melanoma) [37].

DNA sequencing was performed with polymerase chain reaction (PCR) primers for the
most commonly identified mutations identified in human cutaneous and uveal melanomas
(BRAFV600E, GNAQQ209, GNAQR183, GNA11Q209, NRASG12/13, NRASQ61, KITW557, KITK642,
KITD816 and MEK1I111). These mutations were not identified in feline melanoma sam-
ples [37].

RNA expression analysis was performed on GNAQ, GNA11, BRAF, KIT, NRAS, BAP1,
FXR1, LTA4H, RASSF1 and CDH1 genes. A significant (p < 0.05) upregulation of KIT and
LTA4H and a downregulation of GNAQ, GNA11, BRAF and RASSF1 was identified [37].

Rushton et al. developed their previous work by measuring the protein expression
of the previously studied genetic mutation hotspot regions. The expression of KIT, BRAF,
GNA11, GNAQ and RASSF1 was analysed in 57 formalin-fixed paraffin-embedded (FFPE)
globes of histologically confirmed iris melanomas and a control group of 25 FFPE globes
that were free from ocular abnormalities. FFPE sections were stained with antibodies
specific to the proteins under investigation using immunofluorescence. The FDIM globes
showed an increased expression of KIT, BRAF, GNAQ and GNA11 (p < 0.05) [38].

BRAF is a proto-oncogene (encoding for the protein B-Raf) that activates the mitogen-
activated protein kinases/extracellular signal-regulated kinases pathway (MAPK/ERK) [39].
Mutations in BRAF have been reported to occur in 66% of human melanomas [40]. GNAQ
and GNA11 have various roles in the normal cell cycle, DNA synthesis and tumour extrava-
sation in human and mice studies [29–31]. KIT encodes for receptor tyrosine kinase proteins,
which play a key role in the cell signal transduction and the function and development of
many cell types including melanocytes [41–43]. KIT overexpression has been demonstrated
in human uveal melanomas [44].

The study demonstrated that FDIM shows increased expression of proteins that have
been demonstrated to play a key role in the tumour progression pathway in humans (KIT,
BRAF, GNAQ and GNA11). In doing so, the study has potentially identified multiple
possible chemotherapeutic targets. B-Raf inhibitors are being investigated as adjunctive
chemotherapy agents [7]. The most significant result of the study may be the identification
of KIT overexpression in FDIM samples. Human melanoma xenografts and cell lines with
KIT overexpression have been shown to be highly sensitive to the chemotherapeutic drug
imatinib (a tyrosine kinase inhibitor) [45]. The identification KIT overexpression in FDIM
may prove to be of fundamental importance in the development of adjuvant therapies for
advanced FDIM cases.

However, the increased BRAF, GNAQ and GNA11 protein expression shown by im-
munofluorescence does not support the previous pilot study by Rushton et al. (2017) which
showed decreased mRNA expression of these genes [37,38]. The author hypothesises that
complex post-transcriptional mechanisms may be involved in the differences seen; or that
potential errors may have occurred in detection or evaluation of mRNA or protein using
qPCR and IHC [38]. Further research is required to validate the findings of this study
and to understand why differing mRNA and protein expression exist for BRAF, GNAQ
and GNA11.

5. Adjuvant Therapy

To date, there are no recognised adjuvant therapies for metastatic disease of FDIM [37].
A xenogenic human tyrosinase DNA vaccine (Oncept®) was developed for use in canine
oral menaloma [46]. The vaccine has been shown to improve the expected survival time
of dogs with malignant melanoma [47,48]. The canine melanoma vaccine (Oncept®) has
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been shown to be safe to administer to cats, with minimal risk of side effects [49]. However,
there are no data on the effect of vaccination on the expected survival times of cats with
melanocytic neoplasia. Further investigation into the use of the vaccine as an adjuvant
therapy in cats is required.

6. Discussion

The data on metastatic rates are relatively sparse and limited in several ways. Cases
included in early research by Patnaik, A.K. and Mooney were extremely advanced at the
time of enucleation, biasing towards findings of a high metastatic rate [6]. Case numbers
were also severely limited. In later studies, metastatic disease was often not confirmed to
be secondary to FDIM based on histopathological or cytological analysis [5,7]. Metastatic
disease was assumed, based on clinical history or evidence of a mass in abdominal or
thoracic imaging. These studies may falsely overestimate the true metastatic rate of the
disease. Data provided by Kalishman et al. (1998) indicating that early enucleation resulted
in an improved outcome, provides justification for clinicians to perform enucleation of
visual and non-painful eyes [5]. This information is elucidated from the data of only nine
cats with ‘early’ FDIM. Enucleation of a visual and non-painful eye is a challenging decision
for any pet owner. It is important that accurate information is obtained on the risks of
metastatic disease and the likely impact on survival of affected cases. Only once accurate
information is obtained can owners of affected cats make a truly informed decision on
whether to opt for an enucleation.

Iris biopsy provides the clinician with a useful diagnostic tool that may help identify
cases of early FDIM. Results of iris melanosis from an iris biopsy sample must be received
with caution for two reasons. Firstly, the sample may not be representative of all the affected
tissue. Secondly, iris melanosis may later transform to FDIM and repeat biopsy may be
indicated if iris lesions continue to progress. Validated immunohistochemical markers of
prognosis, such as those described by Wiggans et al. (2016) could be applied to iris biopsies
and potentially iris aspirates and aqueocentesis samples [7,9]. This would greatly increase
the diagnostic yield of an iris biopsy.

Featherstone et al. (2019) also discusses the confusing nomenclature surrounding
iris melanosis. Currently, the term ‘iris melanosis’ only accounts for the location of the
melanocytic cells in the anterior iris stroma, regardless of the degree of atypia. It is likely
that melanocytic cells with a high degree of cellular atypia are more likely to progress and
infiltrate the iris stroma. The publication suggests adjusting the nomenclature in order to
more accurately define these dysplastic melanocytes. This may be beneficial in managing
owner expectations, especially in their awareness of cases that show a high degree of atypia
and may be more likely to progress to FDIM [9].

Rushton et al. (2017; 2019) identified several changes in mRNA and protein expression
of genes in FDIM that are known to play a key role in the initiation and progression of
human and canine uveal melanoma [37,38]. However, data surrounding the genetic and
transcriptomic data of FDIM are sparse, and further work is required to understand the
genetic mechanisms responsible for the biological behaviour of FDIM involved in initiation,
progression and metastasis. Transcriptomic and genetic data help predict the efficacy of
a novel therapy by identifying molecular chemotherapeutic targets. Data provided may
also improve the diagnostic yield outcome of surgical biopsy of iris tissue, improving
prognostication of clinical outcomes and potentially avoiding early enucleation of cats
affected with early FDIM or iris melanosis.

7. Conclusions

Cats presenting for evaluation of hyperpigmented iris lesions should undergo a full
physical and ocular examination including gonioscopy. Frequent re-examination and
careful photographic documentation are recommended for slowly progressive lesions or
modest changes. Iris biopsy should be considered to help confirm a diagnosis of early
FDIM but must be interpreted with caution if a result of iris melanosis is obtained. Ocular
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ultrasound and advanced cross-sectional imaging such as CT or MRI should be considered
in cases of FDIM to evaluate the extent of tumour invasion and to ascertain involvement of
the periorbital bony structures, as well as screening for the presence of metastatic disease.
Enucleation is currently the only recommended treatment option for confirmed cases of
FDIM. The difficulty in predicting disease progression and the limitations of the data
surrounding the metastatic potential of FDIM should be discussed with pet owners. There
are no data surrounding the effect of adjuvant therapies such as the melanoma vaccine on
the survival time of cases with confirmed metastatic disease.

The data already provided on the metastatic potential of FDIM must be verified by
prospective research that includes follow up data, metastatic staging and confirmation of
metastatic disease based on cytology/histopathology of metastatic lesions.

Understanding the mechanisms that are responsible for the progression of iris melanosis
to FDIM, and from early FDIM to advanced disease with a high metastatic potential, will
prove invaluable to clinicians for accurate prognostication and identification of adjuvant
chemotherapeutic therapies. The genetic and transcriptomic landscape of FDIM is an
exciting opportunity for future research in this field.
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26. De Vries, T.J.; Trančikova, D.; Ruiter, D.J.; Van Muijen, G.N.P. High expression of immunotherapy candidate proteins gp100,

MART-1, tyrosinase and TRP-1 in uveal melanoma. Br. J. Cancer 1998, 78, 1156–1161. [CrossRef] [PubMed]
27. Kawakami, Y.; Eliyahu, S.; Delgado, C.H.; Robbins, P.F.; Rivoltini, L.; Topalian, S.L.; Rosenberg, S.A. Cloning of the gene coding

for a shared human melanoma antigen recognized by autologous T cells infiltrating into tumor. Proc. Natl. Acad. Sci. USA 1994,
91, 3515–3519. [CrossRef]

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

29. McGary, E.C.; Lev, D.C.; Bar-Eli, M. Cellular adhesion pathways and metastatic potential of human melanoma. Cancer Biol. Ther.
2002, 1, 459–465. [CrossRef]

30. Onken, M.D.; Ehlers, J.P.; Worley, L.A.; Makita, J.; Yokota, Y.; Harbour, J.W. Functional Gene Expression Analysis Uncovers
Phenotypic Switch in Aggressive Uveal Melanoma. Cancer Res. 2006, 66, 4602–4609. [CrossRef]

31. 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. Pr. 2013, 54, 584–593. [CrossRef]

32. Schwarzenbach, H.; Hoon, D.S.B.; Pantel, K. Cell-free nucleic acids as biomarkers in cancer patients. Nat. Rev. Cancer 2011, 11,
426–437. [CrossRef]

33. 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. 2018, 21, 124–132. [CrossRef]

34. Berry, J.L.; Xu, L.; Polski, A.; Jubran, R.; Kuhn, P.; Kim, J.W.; Hicks, J. Aqueous Humor Is Superior to Blood as a Liquid Biopsy for
Retinoblastoma. Ophthalmology 2020, 127, 552–554. Available online: https://reader.elsevier.com/reader/sd/pii/S0161642019321
840?tken=1EEAC7A973630FA81DCB95A68DA748EBEA0A76658EB38FDC5E126E5319A1F1F3385BA8DD8A4AC1E3BCF170
DC34AF6BA6&originRegion=eu-west-1&originCreation=20211230192031 (accessed on 30 December 2021). [CrossRef]

35. Polski, A.; Xu, L.; Prabakar, R.K.; Kim, J.W.; Shah, R.; Jubran, R.; Kuhn, P.; Cobrinik, D.; Hicks, J.; Berry, J.L. Cell-Free DNA Tumor
Fraction in the Aqueous Humor Is Associated with Therapeutic Response in Retinoblastoma Patients. Transl. Vis. Sci. Technol.
2020, 9, 30. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7533735/ (accessed on 30 December 2021).
[CrossRef] [PubMed]

36. Lee, N.; Zakka, L.R.; Mihm, M.C., Jr.; Schatton, T. Tumour-infiltrating lymphocytes in melanoma prognosis and cancer im-
munotherapy. Pathology 2016, 48, 177–187. [CrossRef] [PubMed]

37. Rushton, J.G.; Ertl, R.; Klein, D.; Nell, B. Mutation analysis and gene expression profiling of ocular melanomas in cats. Vet. Comp.
Oncol. 2017, 15, 1403–1416. [CrossRef] [PubMed]

38. 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. Available online: https://www.
sciencedirect.com/science/article/pii/S1090023319300504?via%3Dihub (accessed on 29 May 2021). [CrossRef]

39. Dhomen, N.; Marais, R. New insight into BRAF mutations in cancer. Curr. Opin. Genet. Dev. 2007, 17, 31–39. [CrossRef]

https://iovs.arvojournals.org/article.aspx?articleid=2159067
https://escholarship.org/uc/item/6zj8m893
http://doi.org/10.1046/j.1463-5224.1999.00066.x
http://www.ncbi.nlm.nih.gov/pubmed/11397251
http://doi.org/10.1177/104063870201400414
http://www.ncbi.nlm.nih.gov/pubmed/12152818
http://doi.org/10.1046/j.1463-5224.1999.00060.x
http://www.ncbi.nlm.nih.gov/pubmed/11397253
http://doi.org/10.1111/j.1463-5224.2010.00860.x
http://doi.org/10.1111/vop.12233
http://doi.org/10.1080/01652176.2019.1655604
http://doi.org/10.1111/vop.12484
http://doi.org/10.1111/vop.12345
http://doi.org/10.1177/0300985810382095
http://doi.org/10.1016/j.vetimm.2021.110337
http://www.ncbi.nlm.nih.gov/pubmed/34715601
http://doi.org/10.1038/bjc.1998.646
http://www.ncbi.nlm.nih.gov/pubmed/9820172
http://doi.org/10.1073/pnas.91.9.3515
http://doi.org/10.1354/vp.39-6-651
http://www.ncbi.nlm.nih.gov/pubmed/12450197
http://doi.org/10.4161/cbt.1.5.158
http://doi.org/10.1158/0008-5472.CAN-05-4196
http://doi.org/10.1111/jsap.12141
http://doi.org/10.1038/nrc3066
http://doi.org/10.1177/1098612X18762017
https://reader.elsevier.com/reader/sd/pii/S0161642019321840?tken=1EEAC7A973630FA81DCB95A68DA748EBEA0A76658EB38FDC5E126E5319A1F1F3385BA8DD8A4AC1E3BCF170DC34AF6BA6&originRegion=eu-west-1&originCreation=20211230192031
https://reader.elsevier.com/reader/sd/pii/S0161642019321840?tken=1EEAC7A973630FA81DCB95A68DA748EBEA0A76658EB38FDC5E126E5319A1F1F3385BA8DD8A4AC1E3BCF170DC34AF6BA6&originRegion=eu-west-1&originCreation=20211230192031
https://reader.elsevier.com/reader/sd/pii/S0161642019321840?tken=1EEAC7A973630FA81DCB95A68DA748EBEA0A76658EB38FDC5E126E5319A1F1F3385BA8DD8A4AC1E3BCF170DC34AF6BA6&originRegion=eu-west-1&originCreation=20211230192031
http://doi.org/10.1016/j.ophtha.2019.10.026
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7533735/
http://doi.org/10.1167/tvst.9.10.30
http://www.ncbi.nlm.nih.gov/pubmed/33062393
http://doi.org/10.1016/j.pathol.2015.12.006
http://www.ncbi.nlm.nih.gov/pubmed/27020390
http://doi.org/10.1111/vco.12285
http://www.ncbi.nlm.nih.gov/pubmed/28074614
https://www.sciencedirect.com/science/article/pii/S1090023319300504?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1090023319300504?via%3Dihub
http://doi.org/10.1016/j.tvjl.2019.04.008
http://doi.org/10.1016/j.gde.2006.12.005


Vet. Sci. 2022, 9, 46 13 of 13

40. Davies, H.; Bignell, G.R.; Cox, C.; Stephens, P.; Edkins, S.; Clegg, S.; Teague, J.; Woffendin, H.; Garnett, M.J.; Bottomley, W.; et al.
Mutations of the BRAF gene in human cancer. Nature 2002, 417, 949–954. Available online: https://www.nature.com/nature/
journal/v417/n6892/full/nature00766.html (accessed on 22 January 2022). [CrossRef]

41. Van Raamsdonk, C.D.; Bezrookove, V.; Green, G.; Bauer, J.; Gaugler, L.; O’Brien, J.M.; Simpson, E.M.; Barsh, G.S.; Bastian, B.C.
Frequent somatic mutations of GNAQ in uveal melanoma and blue naevi. Nature 2009, 457, 599–602. [CrossRef]

42. Yu, F.-X.; Luo, J.; Mo, J.-S.; Liu, G.; Kim, Y.; Meng, Z.; Zhao, L.; Peyman, G.; Ouyang, H.; Jiang, W.; et al. Mutant Gq/11 Promote
Uveal Melanoma Tumorigenesis by Activating YAP. Cancer Cell 2014, 25, 822–830. [CrossRef]

43. Wettschureck, N.; Offermanns, S. Mammalian G Proteins and Their Cell Type Specific Functions. Physiol. Rev. 2005, 85, 1159–1204.
[CrossRef]

44. Pereira, P.R.; Odashiro, A.N.; Marshall, J.C.; Correa, Z.M.; Belfort, R.; Burnier, M.N. The role of c-kit and imatinib mesylate
in uveal melanoma. J. Carcinog. 2005, 4, 19. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1282581/
(accessed on 27 November 2021). [CrossRef]

45. Babaei, M.A.; Kamalidehghan, B.; Saleem, M.; Huri, H.Z.; Ahmadipour, F. Receptor tyrosine kinase (c-Kit) inhibitors: A potential
therapeutic target in cancer cells. Drug Des. Dev. Ther. 2016, 10, 2443–2459. [CrossRef] [PubMed]

46. Bergman, P.; Camps-Palau, M.; McKnight, J.; Leibman, N.; Craft, D.; Leung, C.; Liao, J.; Riviere, I.; Sadelain, M.;
Hohenhaus, A.; et al. Development of a xenogeneic DNA vaccine program for canine malignant melanoma at the Ani-
mal Medical Center. Vaccine 2006, 24, 4582–4585. [CrossRef] [PubMed]

47. Liao, J.C.F.; Gregor, P.; Wolchok, J.D.; Orlandi, F.; Craft, D.; Leung, C.; Houghton, A.N.; Bergman, P.J. Vaccination with human
tyrosinase DNA induces antibody responses in dogs with advanced melanoma. Cancer Immun. 2006, 6, 8. Available online:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1976276/ (accessed on 29 November 2021). [PubMed]

48. Grosenbaugh, D.A.; Leard, A.T.; Bergman, P.J.; Klein, M.K.; Meleo, K.; Susaneck, S.; Hess, P.R.; Jankowski, M.K.; Jones, P.D.;
Leibman, N.F.; et al. Safety and efficacy of a xenogeneic DNA vaccine encoding for human tyrosinase as adjunctive treatment
for oral malignant melanoma in dogs following surgical excision of the primary tumor. Am. J. Veter. Res. 2011, 72, 1631–1638.
[CrossRef]

49. 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. 2016, 19, 224–230. [CrossRef]

https://www.nature.com/nature/journal/v417/n6892/full/nature00766.html
https://www.nature.com/nature/journal/v417/n6892/full/nature00766.html
http://doi.org/10.1038/nature00766
http://doi.org/10.1038/nature07586
http://doi.org/10.1016/j.ccr.2014.04.017
http://doi.org/10.1152/physrev.00003.2005
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1282581/
http://doi.org/10.1186/1477-3163-4-19
http://doi.org/10.2147/DDDT.S89114
http://www.ncbi.nlm.nih.gov/pubmed/27536065
http://doi.org/10.1016/j.vaccine.2005.08.027
http://www.ncbi.nlm.nih.gov/pubmed/16188351
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1976276/
http://www.ncbi.nlm.nih.gov/pubmed/16626110
http://doi.org/10.2460/ajvr.72.12.1631
http://doi.org/10.1177/1098612X15623319

	Introduction 
	Diagnostic Evaluation 
	Introduction 
	Iris Biopsy 
	Histologic Evaluation 

	Factors Associated with Metastatic Disease 
	Histologic and Morphologic Characteristics 
	Immunohistochemical Markers 
	Circulating Cell-Free DNA (cfDNA) 
	The Role of Tumour Infiltrating Lymphocytes (TILs) 
	Secondary Glaucoma 

	Gene Expression and Mutational Analysis 
	Adjuvant Therapy 
	Discussion 
	Conclusions 
	References

