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Abstract. Uveal melanoma is the most common type of intra-
ocular cancer with a low mean annual incidence of 5-10 cases
per million. Tumours are located in the choroid (90%), ciliary
body (6%) or iris (4%) and of 85% are primary tumours. As in
cutaneous melanoma, tumours arise in melanocytes; however,
the characteristics of uveal melanoma differ, accounting
for 3-5% of melanocytic cancers. Among the numerous
risk factors are age, sex, genetic and phenotypic predisposi-
tion, the work environment and dermatological conditions.
Management is usually multidisciplinary, including several
specialists such as ophthalmologists, oncologists and maxil-
lofacial surgeons, who participate in the diagnosis, treatment
and complex follow-up of these patients, without excluding the
management of the immense emotional burden. Clinically,
uveal melanoma generates symptoms that depend as much
on the affected ocular globe site as on the tumour size. The
anatomopathological study of uveal melanoma has recently
benefited from developments in molecular biology. In effect,
disease classification or staging according to molecular profile
is proving useful for the assessment of this type of tumour.
Further, the improved knowledge of tumour biology is giving
rise to a more targeted approach to diagnosis, prognosis and
treatment development; for example, epigenetics driven by
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transduction pathways,

microRNAs as a target for disease control. In the present
study, the main epidemiological, clinical, physiopathological
and molecular features of this disease are reviewed, and the
associations among all these factors are discussed.
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1. Introduction

Although relatively rare, uveal melanoma is the most common
type of intraocular tumour with a mean annual incidence of
5-10 cases/1,000,000 individuals. Among all cancers of the
eye, 85% are primary tumours of this type and occur in indi-
viduals with a mean age of 60 years. The remaining 15% cases
are non-Hodgkin lymphomas, retinoblastomas and medullo-
epitheliomas. Despite these figures, the most frequent tumours
affecting the eye are metastases of other types of cancer,
mainly lung cancer in males and breast cancer in females (1,2).
Uveal melanoma is also a melanocytic cancer, representing
approximately 3-5% of all of these cancers, although its char-
acteristic features differ from those of the cutaneous form.
Tumours are mainly located in the choroid 85-90%, followed
by the ciliary body (6%) and iris (4%). Several studies have
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demonstrated that both its cell mutation pattern and aetiology
have their own characteristics, unrelated in a large measure to
those of remaining melanomas. Host susceptibility factors are
also fairly specific, and incidence varies according to ethnicity,
gender and geographical region (2,3).

Currently, the management approach to uveal melanoma
is essentially multidisciplinary, involving ophthalmologists,
oncologists and maxillofacial surgeons. Patient management
also involves dealing with a heavy emotional burden. Despite
intense research into the physiopathology, histology and
molecular biology of uveal melanoma, there has been little
improvement in its bleak prognosis (4). Patient management
thus currently focuses on early detection and aggressive
treatment. Notwithstanding, over time, approximately 50%
of patients will develop metastatic disease with its ominous
prognosis and survival of 6-12 months (5).

When staging a primary uveal melanoma, besides consid-
ering its anatomical and pathological features (tumour base
diameter, ciliary body involvement, and patterns of extravas-
cular matrix growth, mitosis, and cell morphology), mutations
with prognostic value along with their statistics have allowed
for an individualized approach able to predict the response to
treatment and outcome (6). Clinical manifestations depend
on the size and location of the tumour. Often, tumours are
incidentally detected in an ophthalmological exam or through
symptoms, such as loss of vision, photopsia, myodesopsia or
high intraocular pressure (7).

A major characteristic of uveal melanoma is that it differ-
entially affects populations in different geographical regions.
Unlike cutaneous melanoma, with an incidence that has
risen sharply over the past 30 years, the incidence of uveal
melanoma has remained stable over this same period. For
example, in Europe, figures range from 2 cases per million
per year in Spain, Italy and Portugal, to 9 cases per million in
Norway, Denmark or Sweden (8). By contrast, Asia and Africa
are less affected. For instance, Korea exhibits an incidence
of 0.6 cases/1,000,000 and Africa 0.2 cases/1,000,000 (9).
Currently, the world region with the highest number of cases
is Australia with 11 cases/million per year (10). To understand
the high geographic variation in this disease, it is necessary to
examine the associations among possible genetic, phenotypic
or occupational risk factors. Accordingly, the present study
reviews the main clinical, epidemiological, physiopathological
and molecular features that define uveal melanoma.

2. Risk factors

Uveal melanoma has a large number of associated risk factors
such as age, sex, genetic or phenotypic predisposition, the
work environment and dermatological conditions. While it
mainly affects older-aged individuals, an older age is also
related to a worse prognosis. The mean age of diagnosis also
varies according to the geographical location. In Asia, it tends
to affect younger individuals (45-55 years of age), while in
Europe or in the USA, it usually presents at around the age of
60 years. It should be mentioned that uveal melanoma in young
individuals has also been related to congenital melanocytic
syndromes (ocular melanosis and dysplastic nevus syndrome),
with a mean onset age of 16 years and a better short-term prog-
nosis owing to its lesser locoregional aggressiveness (11,12).
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Sex as a risk factor is related to age. For example, in individ-
uals <60 years of age, there is no clear predisposition for any
sex and the ratio of affected females to males is 1:1. At more
advanced ages, there is a slight predisposition for males, who
also exhibit a higher risk of metastasis and therefore, exhibit a
higher mortality rate and a worse prognosis (11,13).

As occurs with cutaneous melanoma, uveal melanoma
tends to affect Caucasians who represent the great majority
of patients. This is due to a series of susceptibility factors for
melanocyte lesions, such as fair skin, green or blue eyes and
blond or red hair. A higher incidence has also been described
in individuals with dysplastic nevus syndrome, multiple nevi,
ocular melanosis and freckles; in these subjects it has been
related to an early age at onset (14). However, it is not known
whether these lesions may be associated with exposure to
UV light. According to previous research, not only does
the vitreous humour block the actions of light rays in the
posterior chamber of the eye, but the crystalline lens/cornea
barrier mean there is little support for the theory of mutations
triggered by UV radiation (15). Hence, its association with
an individual's phenotype may be a susceptibility factor for
oncogenic melanocyte mutations and therefore, of the risk of
developing uveal melanoma.

A notable risk factor for uveal melanoma is the work
environment. Both professional cooks and welders exhibit
an up to a 2-fold greater risk of developing uveal melanoma.
Researchers have related prolonged exposure to sunflower,
olive and other oils while cooking to the production of
polycyclic hydrocarbons and complex derived hydrocarbons
that function as carcinogens by inducing a state of oxida-
tive stress and damage to DNA repair mechanisms (11). In
welders, the association between exposure to UV light while
welding and the incidence of uveal melanoma is not clear,
as mentioned above. The vitreous humour, lens and cornea
play a protective role (15). During heat welding, numerous
gases are produced when metals fuse together, giving rise to
carcinogenic substances, such as hexavalent chromium, argon,
helium, hydrogen fluoride and asbestos (16). Low frequency
electric fields are also generated, which also affect cell repair
processes and may be related to an increased incidence of a
uveal melanoma (12).

Finally, the risk of uveal melanoma in patients with Nevus
of Ota is 1/400, which is extremely high compared to subjects
without this condition, with an annual incidence of ~1/13,000.
In individuals with this nevus, uveal melanoma usually pres-
ents at an earlier age and exhibits less aggressive locoregional
invasion and a lower incidence of metastasis (17,18). Ocular
dysplastic lesions are proliferative non-malignant lesions
with atypical characteristics (irregular margins, growth and
different tones) that have been linked to a 10-fold greater
risk of transformation into uveal melanoma compared with
the general population (19). Researchers have demonstrated
malignant degeneration in 2 to 5% of patients with an iris
nevus. The main risk factors associated with the malignant
transformation of an iris nevus are an age <40 years, diffuse
lesion appearance, blood detected in the eye fundus and inferior
location. By contrast, choroidal nevus, which occurs in ~5% of
the population, exhibits a low likelihood of malignant degen-
eration, approximately 1 case per 9,000 (20). Risk factors for
suspecting a malignant choroidal nevus are a thickness >2 mm,
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the presence of symptoms and orangey colour, among others.
It should be underscored that these risk factors generally lead
to an earlier appearance of uveal melanoma (11,12).

3. Clinical manifestations

Uveal melanoma generates symptoms depending on the ocular
site involved, meaning that most clinical signs are determined
by both tumour size and location. Usually patients present
with blurred vision, photopsia and/or myodesopsia or are
asymptomatic and the uveal melanoma is detected incidentally
during a routine ophthalmological examination (7). When the
tumour affects the macula, patients exhibit a gradual painless
decline in visual acuity. It should also be mentioned that if
there is involvement of the iridocorneal angle, signs may be
those of acute glaucoma, namely the loss of visual acuity,
pain, photopsia and increased intraocular pressure. These
symptoms can lead to permanent blindness and are therefore,
constitute an ophthalmological emergency. By contrast, the
involvement of the iris is usually asymptomatic and presents
as a dark growing, invasive hyperpigmented lesion. If the
ciliary body is involved, this can compromise the natural lens,
causing its subluxation and impaired accommodation, thus
interfering with the patient's vision (21). It should be noted that
infrequently, intraocular progression can give rise to haemor-
rhage within the ocular cavity presenting as haemorrhage
and exophthalmos. Up to 22% of patients may have systemic
manifestations as a consequence of metastatic spread mainly
to the liver, and almost 90% succumb to the disease before
5 years following diagnosis (22).

4. Anatomopathological study of uveal melanoma

Callender (23) was the first to establish an anatomopatholog-
ical classification of these tumours, which was later modified
by McLean et al (24), who distinguished between type A
fusiform cell, type B fusiform cell, epithelioid cell and mixed
tumours. Fusiform type A followed by B tumours were associ-
ated with a higher survival rate, and epithelioid cell tumours
were associated with the worse prognosis. Mixed tumours
were associated with an intermediate outcome (25,26).
Another series of histopathological criteria has proven useful
to assess disease prognosis in a patient with uveal melanoma.
For instance, an elevated microvascular density (M VD) related
to tumour irrigation and the presence of a network vascular
pattern have been associated with a worse prognosis (27,28).
High IGF-1R levels and mean nucleolar diameter have been
also related to a lower survival (29,30). The role of some of the
more important cell proliferation markers, such as Ki-67 or
proliferating cell nuclear antigen (PCNA), have been assessed
in uveal melanoma cells, their presence indicating a worse
prognosis (31). Finally, localizing some immune system cells,
such as lymphocytes or infiltrating macrophages, or the detec-
tion of markers like HLA-A have been also associated with
a worse prognosis in patients with uveal melanoma (32,33).
Notably, the presence of HLA-B has been associated with the
epithelioid subtype, which is the histological class exhibiting a
lower survival (34).

The anatomopathological study of uveal melanoma has
recently benefited from developments in the field of molecular
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biology. This has meant that currently, classification according
to the molecular profile of uveal melanoma has proven more
useful than its histological classification, in line with the
concept of individualized precision medicine for these patients.

5. Molecular classification of uveal melanoma: Genes
involved

Uveal melanoma is often divided into two categories according
to its gene expression profile and to its metastasizing capacity.
Hence, class 1 uveal melanomas are associated with a low risk
of metastasis and have been linked to a better prognosis, while
class 2 tumours feature a high risk of spread and a worse prog-
nosis. In addition, there is significant variation in cytogenetics
and expression levels of some genes in the different subtypes;
for example, chromosome 3 monosomy is characteristic of
class 2 tumours (35). However, this initial classification is
insufficient to explain, for example, why some class 1 tumours
show a higher risk of metastasis than others.

For this reason, uveal melanoma classification has been
extended to include 4 groups: 2 subclasses characterized by
chromosome 3 monosomy (M3) with a worse prognosis, and
a further 2 subtypes that lack this chromosome abnormality;
i.e., with chromosome 3 disomy (D3), with a better prognosis.
The first 2 subclasses are associated with a higher metastasis
risk and exhibit a loss of or mutation of the gene encoding
BRCA-associated protein 1 (BAP1) located on 3p21.1
(NCBI), and conferring a different methylation state to those
without this monosomy. Between both M3 subtypes, there is
a series of genomic, transcriptional and clinical variations,
such as the amplification of 1 to 3 copies of the long arm of
chromosome 8 (36).

In turn, the D3 subtypes are divided into IA and IB.
The former exhibits no aneuploidy, the least risk of spread
and is characterized by a mutation in eukaryotic translation
initiation factor 1A X-linked (EIF1AX). Subtype IB, char-
acterized by the possible presence of a total or partial gain
of 6p and a higher metastasis risk, features mutations in the
splicing factor 3b subunit 1 (SF3B1) gene (37). Furthermore,
Field et al (38,39) highlighted the role of gene expression of
preferentially expressed antigen in melanoma (PRAME) as
an independent biomarker of metastasis frequently found in
tumours with a mutation in SF3B1. This marker may also
appear in M3 tumours and is also inversely related to muta-
tions in EIF1IAX. Mutations in the genes EIF1IAX, SF3BI and
BAPI are mutually exclusive, as well as being key prognostic
markers to understand the behaviour of each uveal melanoma
subtype (40). Of note, both in D3 uveal melanomas which
do not exhibit mutations in SF3B1 or EIF1IAX and in M3,
which exhibit gain of chromosome 8q, mutations in serine and
arginine rich splicing factor 2 (SRSF2) have also been found,
indicating a role for this marker in the metastasis of uveal
melanoma and its functional analogy with SF3B1 (36).
melanoma: Similarities and

6. Uveal vs. cutaneous

differences

While cutaneous and uveal melanoma both arise from mela-
nocytes, their molecular profiles, cytogenetic alterations,
prognosis and dissemination capacity vary appreciably (Fig. 1).
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For example, it is known that approximately 50% of cases of
uveal melanoma progress to metastasis and the mean survival
rate of these patients is 6 to 12 months (13). The most frequent
site of spread of these tumours is the liver, though lung and
bone metastases are also common (41,42) whereas cutaneous
melanoma metastasizes with the same frequency to the lungs,
bone, brain and soft tissues and mainly spreads via the lymph
system (43).

As in cutaneous melanoma, in uveal melanoma, the
overexpression of the MAPK pathway is observed. However,
mutations found in both types of melanoma differ. In the skin
form, most frequent abnormalities are found in molecules
directly involved in this pathway especially the B-RAF muta-
tion (in 40-60% of cases). In this type of mutation, particularly
in residue V600, a worse prognosis has been described (44). In
addition, are mutations in other genes, such as NRAS (15-25%)
and KIT (39%) are frequent (45). However, it is known that
these polymorphisms seldom occur in uveal melanoma (46).
The mutations found in this tumour type appear mainly in the
genes that code for the a subunit of G, mainly G protein
subunit alpha (GNA)11 or GNAQ, detected in up to 90% of
cases of uveal melanoma. Furthermore, these mutations seem
to play an important role in the onset and progression of uveal
melanoma as it has been observed that both abnormalities are
not associated with a worse prognosis (47,48). Mutations in
other genes have also been observed, such as cysteinyl leukot-
riene receptor 2 (CYSLTR2; 4%) or phospholipase C beta 4
(PLCB4; 2.5%) (49,50). The mechanisms through which all
these alterations affect tumour biology are described below.

In some cases of uveal melanoma, mutations in the
telomerase reverse transcriptase (TERT) gene have been
described. However, the frequency of this mutation is low,
having been found in 1 of 50 uveal melanoma specimens
examined by Dono et al (51). Furthermore, this mutation
appeared to be associated with a tumour with variations in
GNAII and EIF1AX, that is, it appeared in the least aggres-
sive profile. Nonetheless, this TERT variant has been detected
at a higher frequency in both sporadic and familiar cutaneous
melanoma (52). The greatest utility of this marker could be in
identifying ocular melanoma type as indicated by the study
conducted by Griewank et al (53). These authors found that
up to 32% of conjunctival melanomas had a mutated TERT
promotor, while this polymorphism was absent in 47 uveal
melanomas examined. Their findings indicate that the pres-
ence or absence of this mutation is able to distinguish between
both ocular melanomas and may help explain the different
behaviour shown by each one.

7. Biology of uveal melanoma

Roles of inflammation and immune system in uveal melanoma.
Hanahan and Weinberg (54) described the main characteristics
or hallmarks of tumour cells that form the basis of our under-
standing of cancer biology along with the targets of current
cancer therapies. The inflammatory response represents one
of these hallmarks and its important role in uveal melanoma
was reviewed by Bronkhorst and Jager (55). Among other
characteristics, the presence of an inflammatory phenotype
has been described comprised of different types of lympho-
cytes and macrophages, along with the increased expression
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of class 1 and 2 HLA. This phenotype usually appears in M3
tumours as a sign of a worse prognosis (56).

This type of information also provides access to new more
effective therapeutic tools for the treatment of uveal melanoma.
However, although several studies have shown the efficacy
of the key immune response regulators PD-1 and CTLA-4
inhibitors (57,58) in patients with cutaneous melanoma, the
response to these molecules in patients with uveal melanoma
has not been the same, suggesting the need to gain further
insight into the evasive mechanisms of the immune system
in uveal melanoma (59). In effect, Mougiakakos ef al (60)
demonstrated how high levels of cyclooxygenase (COX)-2, a
marker of a worse prognosis in these tumours, were associ-
ated with elevated Treg levels in uveal melanoma and how
this could explain the poor efficacy of antitumour therapies.
However, there is a need for further research in this area, as
other authors have found no such link between Treg levels
and survival in this type of tumour (61,62). Recently, the study
conducted by Petralia ez al (63) demonstrated how levels of
CD47 exhibit a better correlation with elevated levels of Treg
and of other inflammatory cells. These results were also
reported by Basile et al (64), who also noted that in uveal
melanoma, CD200 and HVEM are significantly reduced and
that there is an inverse association between the PDLI levels
and mean overall survival (OS), progression-free survival
(PFS) and tumour thickness. Notably, the PD-1/PD-L1 levels
have been shown to regulate the levels of non-coding RNA
in a number of types of cancer, whose importance in uveal
melanoma will be subsequently discussed (65). While PD-L1
expression has been reported at the primary tumour site,
metastatic uveal melanoma exhibits a low expression of this
marker (66). Importantly, the presence of T cells expressing
LAGS3 rather than CTLA-4 or PD-1 also plays a role in the
inflammatory pattern in the microenvironment of primary
uveal melanoma (67). Equally, liver metastasized tumours
show infiltration of clonally expanded plasma cells, suggesting
antibody-mediated immunity. The importance of hepatic stel-
late cells in liver metastasis has also been reported (68). The
paracrine signalling of these cells affects the transcriptional
activity of uveal melanoma cells, linked to inflammation and
interleukin production. Hence, inflammatory conditions in the
primary tumour seem very different to metastasis locations.
Collectively, these data provide direction for future treatments
pursuing these targets to improve treatment outcomes.

Signalling pathways. As described above, the most frequent
mutations that appear in the early development of uveal mela-
noma are those affecting GPCR receptors, particularly variants
of GNA11 or GNAQ. These last 2 genes code for subunit G-a.
of G proteins and are activated by the serotonin receptor
2A and 2B in the melanocyte (5-HT2A and 5-HT2B (69).
Receptor 5-HT2B mutations are often found in a wide
variety of tumours and have been linked to a greater metas-
tasis risk (70). Furthermore, GNAQ and GNA11 mutations
trigger a wide range of cell signalling cascades, including the
PI3K/Akt/mTOR, YAP/TAZ, Wnt/p3-catenin, Rac/Rho, Notch
and MAPK pathways (71-73). The modification of so many
cell signalling pathways notably hinders treatments targeting
their inhibition owing to their possible interactions. An
example is YAP/TAZ, whose activation occurs independently
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Figure 1. Diagram illustrating the diagnostic features of cutaneous melanoma and uveal melanoma. Although both melanomas arise from melanocytes, each
one shows its own characteristics while sharing the feature of an altered MAP kinase signalling pathway. Presently, these abnormalities are one of the most
promising targets of the treatment of these patients, such as the inhibition of B-RAF for cutaneous melanoma. Nevertheless, as illustrated in the diagram, the
mutations that activate this pathway differ and are accompanied by another set of modifications that are also different. In the case of uveal melanoma, these
mutations serve to classify tumours into subtypes according to their molecular profile. The four mutations described are mutually exclusive. This molecular
classification is also associated with metastasis risk and disease prognosis. The spread of both tumours also differs as cutaneous melanomas usually spread via
the lymph while uveal melanomas usually spread via the bloodstream. Uveal melanoma exhibits a high predisposition to spread to the liver, which occurs in
90% of cases. By contrast, cutaneous melanoma may metastasize to the lungs, brain, lymph nodes and soft tissues with almost equal probability. Cytogenetic
aberrations are also common in both types of melanoma, although these also differ. GNA, G protein subunit alpha; EIF1AX, eukaryotic translation initiation
factor 1A X-linked; SF3BI, splicing factor 3b subunit 1; SRSF2, serine and arginine rich splicing factor 2; BAP1, BRCA-associated protein 1.

of HIPPO through its interaction with Rac/Rho, as reported
by Feng et al (74). Thus, efforts in therapies targeted at inhib-
iting these pathways need to assess the cell dynamics of these
tumours to increase their efficiency.

Mechanisms involved in metastasis. As previously described,
one of the most important mutations found in uveal melanoma
and a key point for understanding its biology, particularly its
metastasis, is BAP1. BAP1 is a tumour suppressor gene that
appears mutated in up to 84% of cases of metastasized uveal
melanoma and in 38% of primary uveal melanomas (36,75).
BAPI1 codes for an enzyme with deubiquitinating capacity
that binds to other suppressor proteins, such as BARDI or
BRCALI, generating heterodimers that act as tumour suppres-
sors (76). It has been observed that mutations in the BAP1
germline are associated with a large variety of tumours,
including lung adenocarcinoma, menangioma and uveal
melanoma (77). Somatic mutations mainly affect premature
protein termination or ubiquitin carboxy-terminal hydrolase
domains. Among other functions, BAPI is a key regulator of
cell cycle control and transcription, whereby it interacts with
histone H2A (78,79). BAP-1 deubiquitinates H2A and its
loss has been associated with the death of cells which enter
an RNF-2 apoptotic-dependent program (80). However, this

mechanism has not been detected in melanocyte lines and it
has been described that the loss of BAP-1 leads to defective
DNA repair, thus favouring later mutations and cytogenetic
aberrations, promoting the metastasis and aggressiveness of
tumour cells (81). Matatall er al (82) also examined the role of
BAPI in the differentiation of uveal melanocytes and found
that its lack of expression induces a progenitor phenotype
in these melanocytes. Furthermore, it has been proposed
that the loss of BAPI can lead to an inflammatory tumour
microenvironment (83). Finally, the location of BAPI also
seems to be crucial for metastasis. Szalai er al (84) reported
no nuclear immunodetection of BAPI in approximately 50%
of patients with metastatic uveal melanoma, hence supporting
the relevance of BAP1 mutations in metastasis.

Another key mutation in uveal melanoma progression
is that detected in SF3BI1. SF3BI1 encodes a component of
the spliceosome and its gaining function mutations affect
the splicing of several transcripts with effects at different
levels (85,86). Yavuzyigitoglu ef al (87) confirmed that SF3B1
mutations were important in late metastasis, due to their
effects on splicing, which in turn has been associated with a
wide range of carcinogenic processes in a number of tumours,
including invasion and metastasis (88). In uveal melanoma,
SF3Bl splicing defects may play an important role in different



ORTEGA et al: UPDATE ON UVEAL MELANOMA

processes, probably sharing common oncogenic mechanisms
with BAPI and EIF1AX (89). Mutant SF3BI1 is considered to
recognise intronic sequences in the bromodomain containing 9
(BRDY), degrading them and affecting the non-canonical
barrier-to-autointegration factor complex (ncBAF), thus
resulting in the development of myelodysplastic syndrome
and uveal melanoma (90). In addition, mutations in SRSF2,
U2AFI1 and ZRSR?2 have also been linked to defective splicing
in uveal melanoma. Furthermore, in tumours with mutations in
both BAP1 and SF3Bl, elevated levels may appear of PRAME,
which act as a repressor of retinoic acid signalling and of its
receptor, two known tumour suppressors, whose inhibition
has been incriminated in a wide variety of cancers (91,92).
Mutations affecting EIF1AX, which participate in the onset
of translation, has no influence on metastases and more work
is needed to establish possible relations between both (86).
Of note, EIF1AX mutations seem to exert a synergistic effect
on Ras mutations in certain types of tumours, such as ovary
and thyroid (93,94). The low proportions of uveal melanoma
cell mutations in these genes may explain why EIF1IAX is not
associated with a greater metastasis risk in the tumours.

Another interesting signalling pathway associated with
a number of tumours is that of endothelin 2 and its receptor
endothelin receptor type B (EDNRB) associated with a
large number of tumours (95,96). EDNRB is a G protein
coupled receptor (GPCR) and these proteins play a role in
the differentiation of melanocytes (97). Certain studies have
found that a lower expression of this receptor in metasta-
sized uveal melanomas indicates a poor prognosis (35,98).
However, the mechanism responsible for this remains
unclear. As a GPCR, the EDNRB receptor seems capable of
activating protein G a subunits, such as GNAQ and GNAII.
Urtatiz and Van Raamsdonk (99) proposed that reduced
EDNRB receptor expression causes signalling dysregula-
tion mediated by Wt variants and GNAQ/GNA11 mutants.
However, in the study by Van Raamsdonk er al (47), it was
observed that patients without GNAQ or GNA1l mutations
exhibited a worse prognosis. Thus, lower EDNRB expression
could be beneficial for patients with mutations in both proteins
through their interference with the cell signalling cascade.
Further insight into the mechanisms of action of G proteins in
cancer and the role of EDNRB in uveal melanoma is required.

The mechanisms whereby uveal melanoma exhibits high
tropism for the liver remain elusive. Some authors propose the
bloodstream as the dissemination route from the eye to the liver
aided by the fenestrated structure of hepatic capillaries (43). In
parallel, it has also been hypothesized that it may be the result
of increased expression of cMET, a tyrosine kinase inhibitor
that is activated by binding to the hepatic growth factor (HGF)
receptor produced in the liver that appears elevated in primary
uveal melanomas (70,100). Other authors suggest that it is due
to the increase in IGF-1/IGF-IR previously described in uveal
melanoma (30).

Recent studies have revealed a role of cytokine CXCL12
and its receptor CXCR4, which also interacts with vascular
endothelial growth factor (VEGF), potentiating its role
in metastasis (101). Furthermore, both this pathway and
cMET/HGF have been described to contribute to activation of
the pathway PI3K/Akt/mTOR, indicating a worse prognosis
for patients with this type of cancer (102). The activation of
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this pathway by cMET has also been described as a mecha-
nism of resistance to MEK inhibitors (103). A lack of PTEN
is also frequent in these tumours, affecting up to 40% of uveal
melanomas (104).

Once again, these data suggest the importance of a wide
perspective when treating uveal melanoma based on the
combination of different therapies to improve their efficacy.

Hypoxia and oxidative stress. Another mechanism which
plays a significant role in the development of uveal melanoma
is hypoxia. This situation appears in tumours as a consequence
of their rapid growth and has been attributed to their metabolic
reprogramming (54). Hypoxia is an essential mechanism for a
number of carcinogenic processes and is an important factor to
consider when designing more effective therapies for various
tumours (105). As a response to this setting of hypoxia, factors
induced by hypoxia (HIF) will drive a large variety of cell
responses among which we find the control of genes and
molecules involved in anaerobic metabolism. This is a crucial
process in tumour cells (known as the Warburg effect), in
metastasis, in cell motility and in angiogenesis (106,107).

Hypoxia-induced factors consist of 2 heterodimer subunits
formed by an a subunit (HIF-1 a, HIF-2 o or HIF-3 ) and a
[ subunit expressed constitutively. In conditions of normoxia,
o subunits are degraded by the proteasome following a process
of hydroxylation and ubiquitination. In hypoxia, the a subunit
joins to the 3 subunit, recruiting p300/CBP coactivators to bind
the hypoxia response element (HRE) present in approximately
100 genes (108). Although the functions of HIF-1 or HIF-2 are
still under investigation, they seem more implicated in cancer
than the HIF-3 isoform (109).

In uveal melanoma, hypoxia has been associated with
numerous alterations. Asnaghi et al (110) detected increased
signalling mediated by Notch and the phosphorylation levels
of Erk1-2 and Akt. These authors also noted that the inhibition
of the Notch pathway partially reduced Erk and Akt phosphor-
ylation, suggesting a need to gain further insight into these
targets to delay or avoid tumour dissemination. Furthermore,
an increased HIF-1a expression was directly associated with
increased levels of markers of cell proliferation (MIB-1),
vessel growth (CD31 and VEGF-A) and necrosis; however, it
was found to have no effect on patient survival (111).

In a later study, Hu et al (112) assessed the role of hypoxia
in the angiogenic phenotype of uveal melanoma by examining
another key component, angiopoietin-like 4 (ANGPTL4). In
their study, the inhibition of this molecule and of VEGF was
found to reduce the angiogenic potential of these tumours.
Furthermore, HIF-1a has been demonstrated to contribute
to the expression of c-MET and CXCR4. Inhibition with aryl
sulphonamide 64B interrupts the interaction between the
HIF-1 complex and its coactivators, and therefore reduces
its binding to HRE present in the promoters of these genes,
diminishing their expression (113).

Recently, Brouwer et al (114,115) observed that in tumours
exhibiting M3 and a lack of BAPI expression, the expression
of HIF-1 a was elevated, as was microvascular density and
the angiogenic phenotype, while VEGF-B expression was
reduced. This suggests a need to address the mechanisms of
angiogenesis in these tumours. HIF-1 a expression could not
be associated with tumour size, but was related to the presence
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of T cells and macrophages. Tumour hypoxia also promotes
the metabolic programming that tumour cells undergo.

Collectively, these data identify hypoxia as an impor-
tant factor to consider in the treatment of uveal melanoma,
warranting further investigation. Notwithstanding, the
mechanisms involved in hypoxia and its possible associa-
tion with different carcinogenic processes need to be further
examined. Some of the more important interactions of the
hypoxia-induced factor are summarized in Fig. 2 along with
the different biological mechanisms involved in this disease.

Oxidative stress is a cell condition that arises from an
imbalance of oxidizing molecules produced mainly via mito-
chondrial respiration, and of reducing molecules, also known
as antioxidants. The main oxidising molecules are reactive
oxygen species (ROS) or nitrogen reactive species (NRS),
which have been incriminated in a wide variety of diseases,
such as Alzheimer's and other neurodegenerative diseases,
or cardiovascular diseases, among others (116,117). The role
of oxidative stress in the development of cancer is, however,
still a somewhat controversial issue. To date, it has been estab-
lished that oxidative stress can induce a carcinogenic process
in early disease stages. For example, it is known that, as with
malignant melanoma of the skin, the pheomelanin pigment
pathway, which is associated with fairer skin tones and lighter
eye colours, may lead to the development of uveal melanoma
through a carcinogenesis mechanism independent of UV
radiation that eventually gives rise to a process of oxidative
damage (43,118). Furthermore, oxidative stress is directly
related to an inflammatory response, which can promote the
process of carcinogenesis (119).

In more advanced disease stages, this mechanism may
block or impair certain key events for tumour development.
Accordingly,itis currently proposed that adaptation to oxidative
stress is one of the main mechanisms involved in the develop-
ment of the different cancers (120). Piskounova et al (121)
demonstrated that antioxidants, whose function is to minimize
oxidative stress in cells, promoted the metastasis of melanoma
cells. Recently, Dithmer et al (122) assessed the effects of the
VEGF antagonist, bevacizumab, on the survival and prolifera-
tion of 5 uveal melanoma tumour lines, simulating a possible
complication of the use of ionising radiation to treat primary
tumours. The results indicated that this inhibitor exerted a
protective effect against the oxidative stress induced by the
ionising radiation, highlighting the need for detailed studies
designed to unveil the role of oxidative stress in this disease.

Role of epigenetics in the development of uveal melanoma.
Epigenetics is another key issue for understanding the factors
underlying cancer. Epigenetic mechanisms are varied and
include processes, such as DNA methylation, the modifica-
tion of histones or regulation by non-codifying RNAs, such
as microRNAs (miRNAs or miRs), as interesting therapeutic
targets for diverse types of cancer (123). In this first section,
we focus on the two former mechanisms. The miRNA control
of gene transcription is discussed in the subsequent section.
The methylation state is one of the main epigenetic mecha-
nisms. The hypermethylation of the most significant CpG
islands through tumour gene suppressor inactivation takes
place in numerous cancers including uveal melanoma (124).
For example, it is common to observe the hypermethylation
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of the RASSFla (Ras association domain family 1 isoform A)
gene promotor region in uveal melanoma tumours (125). This
gene also appears methylated in a wide variety of tumours,
such as cutaneous melanoma, and lung, liver, breast or head
and neck cancer, among others, and is a factor for a worse
prognosis directly correlated with tumour progression (126).
Maat et al (127) examined the role of Ras and EF-hand
domain containing (RASEF) as a tumour suppressor gene
in 11 uveal melanoma cell lines and 35 samples of primary
uveal melanoma, and found that homozygosity in conjunction
with hypermethylation was the mechanism whereby RASEF
expression was lost, which was associated with a lower survival
rate. Similarly, it has been reported that in both cutaneous and
uveal melanoma, the hypermethylation of promotor sequences
of the genes pl6, DcR1 and DcR2 is often observed, directly
involved in regulating cell processes, such as senescence and
apoptosis (128,129). Of note, it has been observed that this
hypermethylation of p16 leads to the phosphorylation of the
retinoblastoma protein, which is key for controlling the cell
cycle (130). Other important components of the cell cycle
that exhibit an upregulated expression in uveal melanoma are
Bcl-2, MDM2 and CD1 (102).

Gene hypomethylation is a less frequent epigenetic
mechanism than hypermethylation and yet has been related to
increased gene expression involved in these PRAME mecha-
nisms or those of the gene deleted in split hand/split foot 1
(DSS1) (39,131). Notably, it is known that the DNA methylation
patterns present in M3 tumours with abnormal BAP1 differ
from those of D3, which, in turn, also differ between each
other according to whether their mutation affects EIF1AX or
SF3B1/SRFR2 (132). This could indicate the importance of
these genes in epigenetic regulation mechanisms and is also
considered an interesting topic of further investigation.

Histone modification is another process with an important
role in epigenetic control affecting events, such as methylation,
phosphorylation or acetylation. The dysregulation of these
mechanisms can lead to the inappropriate activation of onco-
genes or in the inactivation of tumour suppressor genes making
this an important line of study in the field of cancer (133). In
uveal melanoma, the overexpression of transcription factors,
such as HESI has been directly involved in the metastatic
capacity of uveal melanoma, suggesting the methylation of the
promotor region of histone H3K4 is an inducer of this over-
expression (134). In effect, this is another interesting issue to
explore in terms of increasing the efficacy of current therapies,
especially for metastatic uveal melanomas.

Role of miRNAs in uveal melanoma. Advances in molecular
biology have identified an important role of miRNAs in a
wide variety of diseases, particularly cancer. Over the past
10 years, the number of studies addressing these molecules
has increased exponentially, enhancing the knowledge of their
function (135). For example, it is known that miRNAs are a
key epigenetic mechanism for the control of gene transcrip-
tion and may act in some cancer types as tumour suppressors
and in others as oncogenes (136,137). In effect, miRNAs
are emerging as promising therapeutic targets in various
types of cancer and as ever more reliable prognostic factors
in individualized precision medicine (138,139). The roles of
miRNAs in uveal melanoma as important prognostic and



ORTEGA et al: UPDATE ON UVEAL MELANOMA

PRAME

—

1269

C: BAP1 (M3 tumours)———

CSFSBI{DStumours}

_ Retinoicacid/RXR .- 3
Inflamatory inhibition :r Qetastasis : Epigenetic
| phenotype | i I alterations
t PTEN loss—» PI3K/Akt 1 Anglogenesus promotion / H
1 |
3 Rac/Rho .N\Btch Metabolic I
.. |
1 . re programmlng
: YAP;{TAZ S |
1 HA-Ag B HAT X /TI APK | motility / miRNA regulation
GNA11/GNAQ D LT
| cp200 HvEm * inhibition o difications
T e i
{ Treg cpa7 cox-2 PpL-1 Altered \) ] Tumour DNA methylation
A R ‘. hypoxia ot
¢ R T /7 Geme
“._interactions - ‘xh fg(?rissi_oq_r 4
il R e ——
/ Reliable B 4 Oxidative '\.I

~._ Biomarkers? _

stress?

Figure 2. Overall schematic diagram of some of the most significant factors involved in the biology of uveal melanoma. In different types of cancer, asso-
ciations among the different components of the tumour process are complex explaining the non-success of therapies such as PD-1 inhibition. Some factors
involved in uveal melanoma, such as the role of oxidative stress, have been well established. In a cancer as aggressive as uveal melanoma, knowledge of the
mechanisms involved and their interactions is essential to develop more effective treatments, predict tumour behaviour and identify new more reliable and
accurate biomarkers. BRCA-associated protein 1; PRAME, preferentially expressed antigen in melanoma; SF3B1, splicing factor 3b subunit 1; GNA, G protein

subunit alpha; HIF-1a, hypoxia inducible factor a.

diagnostic markers of tumour onset and progression have been
confirmed (140). Some of the miRNAs playing a significant
role in uveal melanoma are discussed below.

Yang and Wei (141) compared the expression profiles
of miRNAs in 4 uveal melanoma tissues and 4 normal
uveal tissues. Their results revealed increased expression
levels of miRNAs of the miR-17 family (miRNA-20a,
miRNA-106a and miRNA-17) and significant increases in
miRNA-21 expression in 4 uveal melanoma cell lines, along
with diminished miRNA-145 and miRNA-204 expression.
Wang et al (142) elucidated the role of miRNA-21 in uveal
melanoma cell metastasis. The results obtained revealed
miRNA-21 overexpression following inhibition of pS3 expres-
sion, which via a series of effector molecules may promote
tumour metastasis in vitro. In vivo, its inhibition also leads to
a reduced tumour size. Radhakrishnan er al (143) identified
19 miRNAs expressed in metastasized and not in metastatic
uveal melanoma, while up to 11 miRNAs were detected only
in the metastasized phenotype. Recently, other miRNAs with
oncogenic effects have been identified, such as miR-155 (144).

Among the uveal melanoma tumour suppressor miRNAs,
miRNA-145 should be mentioned. Li et al (145) found that the
insulin 1 receptor substrate (IRS-1) could serve as a therapeutic
target to increase the levels of miR-145, which is essential for
uveal melanoma cells to enter into apoptosis. Similarly, the
members of the miR-34 family of miRNA precursors, miR-34a,
miR-34b and miR-34c, have been identified as important

tumour suppressors expressed in normal uveal tissue, but not
in uveal melanoma following their downregulation of other
molecules, such as c-Met, Akt and proteins involved in the
cell cycle (146,147). Recently, Serocki et al (148) confirmed
the role of miR-17 family miRNAs in controlling HIF expres-
sion under conditions of hypoxia. Some miRNAs also reduce
the expression of phosphatase and tensin homolog (PTEN),
promoting PI3K/AKt/mTOR pathway activation (149,150). In
addition, Liu ez al (151) described the role of miR-216a-5p as
an indicator of a better prognosis due to its inhibitory effect
on hexokinase 2, an enzyme overexpressed in a wide array of
tumours that is directly related to induction of the Warburg
effect. Therapy, pursuing the dysregulation of these miRNAs
is a promising approach for the treatment of this type of cancer.

Of note, miRNAs represent one of the various mechanisms
involved in the pathogenesis of uveal melanoma, as summa-
rized in Fig. 2. The interactions between all these factors are
undoubtedly complex, and future studies will be crucial for a
better understanding of such a complex cancer.

8. Blood biomarkers for uveal melanoma

Despite scientific and technological advances that have
improved our understanding of various types of cancers, the
incidence of uveal melanoma and patient survival has not
markedly altered over the past 30 years (152,153). This has
determined that the most effective measure against this type
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of cancer is its early detection. As uveal melanoma tumours
spread via the bloodstream, blood biomarkers may be useful to
detect metastases early on and to monitor disease progression
or the response to treatment (154).

Circulating tumour cells (CTCs) and circulating free DNA
(cfDNA) are among the components that may be detected
in blood, indicating the presence of a tumour and both are
prognostic markers of a variety of cancers (155,156). In uveal
melanoma, both the detection of CTCs or cfDNA has proven a
reliable indicator of a worse prognosis. Of note, the detection
of melanocytic CTCs has exhibited efficacy in arterial blood,
but not in veins (157), whereas cfDNA seems more useful in
this tumour type, particularly in patients with easily detectable
known mutations (158). In effect, today there is an ongoing
clinical trial designed to assess the detection and variations
produced in blood levels of cfDNA in patients followed
before and after undergoing surgery for liver metastasis
(NCTO02849145).

Characterizing different CTC populations is also crucial
for the understand of the biological mechanisms underlying
this type of cancer. Schuster er al (159) examined CTCs in
68 patients with uveal melanoma and the gene expression in
these cells of tyrosinase and MelanA/MART]1. Their results
indicated that the presence of CTCs was directly related to the
metastatic process and that the detection of these transcripts
points to a worse prognosis. Tura er al (160) demonstrated that
FISH could be used to examine CTCs in patients with primary
uveal melanoma and thus detect the status of chromosome 3.
Following a 4-year follow-up period, the results revealed the
high reliability of this method to predict the metastases that
these patients could develop.

miRNAs can also represent important blood biomarkers
detectable in uveal melanoma. Achberger et al (161) identified
an association between plasma miRNAs and their variation
in a setting of metastasis. Compared to the controls, the
levels of miR-20a, -125b, -146a, -155, -181a and -223 were
elevated, while those of miRNA-181a were reduced when
metastasis appeared. Along these lines, Russo ef al (162) found
significantly higher blood and tissue levels of miRNA-146a.
Furthermore, Eldh et al (163) detected higher levels of
exosomes and miRNAs in patients with hepatic metastasis
from uveal melanoma compared to patients without metastasis.
Based on these data, Stark er al (164) measured the serum
levels of up to 17 miRNAs in 65 patients with uveal nevus,
localized uveal melanoma and metastasized uveal melanoma.
The results served to define a panel of 6 miRNAs (miR-16,
miR-145, miR-146a, miR-204, miR-211 and miR-363-3p) that
could be used for a precision diagnosis of uveal melanoma
with 93% sensitivity and 100% specificity. Collectively, these
data indicate a need for advancements in the field of miRNAs,
given their great diagnostic and therapeutic value in a disease
as complex as uveal cancer.

Apart from these biomarkers, other blood indicators
have proven useful in uveal melanoma, such as proteins,
glycoproteins and tumour metabolites.

9. Proteomics and metabolomics in uveal melanoma

In the study of cancer, interest in proteomics and metabolo-
mics continues to mount. Tissue and blood samples are the
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most used for this type of study, as they are minimally invasive
and of great clinical value (165). However, these studies still
have some limitations, such as a need for greater refinement in
the measurement systems used and analytical variations in the
data obtained and difficulties in their translation from bench
to bedside (166).

The proteins melanoma inhibitory activity (MIA) and
OPN (osteopontin) are among the most tested as biomarkers of
uveal melanoma and have been directly associated with metas-
tasis (167,168). Another biomarker examined is S100-f (169).
These latter studies determined that all 3 of these proteins
(MIA, OPN and S100-f) combined were able to detect with
a high sensitivity the presence of metastases in the liver.
However, in the study conducted by Missotten ef al (170), no
association was observed between this combined biomarker
and any clinical or pathological feature of the tumour, ques-
tioning its actual prognostic value. Of note, Strobel ez al (171)
found elevated serum S100-f concentrations in patients with
liver metastases from cutaneous melanoma compared to uveal
melanoma in which no association was noted. In patients
with liver metastasis, increased levels of the oncoprotein,
DJ-1/PARKY7, the soluble marker, c-Met, and the glycoprotein,
ME20-S, have been observed (172-175). Notably, through cell
culture techniques, Angi et al (176) compared the proteins
secreted by uveal melanoma tumours with a high and low
metastasis risk with those secreted by choroidal melanocytes.
These authors detected the presence of OPN, MIA, GDF15,
PARK?7 and ME20, and only recorded significant differences
in MIA and GDF15 secretion between cells of uveal melanoma
and normal choroidal melanocytes. No differences emerged
between the tumours with a high and low risk of metastasis.

Advances in omics-related technologies are proving helpful
in the identification of the proteins and metabolites involved in
uveal melanoma and in elucidating their roles. In the study
by Crabb et al (177), iTRAQ technology was used to examine
large numbers of proteins present in 8 samples of metastasized
and 7 of non-metastasized uveal melanoma. Their findings
identified a need for further investigation into proteins, such
as heat shock protein (HSP)B-1 and collagen a3 (VI) as
possible biomarkers of these tumours. Shi et al (178), using
mass spectrometry and fractioning techniques with magnetic
pearls, detected up to 49 differentially expressed peptides
in patients with uveal melanoma and healthy controls. Their
data indicated that peptides of 1,467 to 9,289 kDa were able
to differentiate between patients with uveal melanoma and
healthy individuals with a specificity of 100%. These authors
also identified precursors of the fibrinogen o chain as possible
markers of uveal melanoma. Also, recently Song et al (179)
conducted a multiplex immunoassay on serum samples from
48 patients diagnosed with uveal melanoma and 36 healthy
controls. Once again, HSPB-1 and OPN levels proved useful to
distinguish between patients and healthy control individuals.

10. Clinical management of uveal melanoma

Risk and prognosis of uveal melanoma. The general prognosis
is that 50% of patients will present metastasis within the first
15 years of diagnosis. Once this occurs, the mean life expec-
tancy is between 6 months to 1 year. However, it should be
highlighted that the latency period from locoregional disease
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control until the onset of metastasis can be >25 years, such
that patients require exhaustive follow-up over a long period
of time. The preferred sites of presenting metastasis are the
liver (~60%), lungs (~25%), skin and soft tissues (~10%) and
bones (~8%) (13). The genetic analysis of melanocyte lesions
has identified that extraocular invasion is related to both the
inactivation of the tumour suppressor gene, BAP1 (detected
in 85% of cases), and to monosomy 3, as the main risk factors
for disease spread (180). Currently, there are no established
criteria for the long-term follow-up of patients diagnosed with
uveal melanoma. Recommended approaches are imaging
techniques conducted every 3 to 12 months. An MRI is the
best option both for the detection of liver and extrahepatic
metastases, such as those affecting bones or retroperitoneal
nodes. A CT scan is also useful for lung node manifestations
and larger liver metastases and in patients for whom MRI
is not recommended. Ultrasonography exclusively reveals
hepatic metastases and PET cannot detect small lesions, the
high radiation dose being another major drawback of this
technique (181).

Tumour size, extraocular extension, mitotic activity and
epithelioid cell type are considered important risk factors for
melanoma (182). As previously stated, genetic mutations and
chromosome abnormalities are also directly associated with
patient outcomes and shed light into the prognosis of uveal
melanoma. To examine all these chromosome and molecular
features during the management of uveal melanoma, a wide
range of methods can be used. The most common approaches
are karyotyping, fluorescent in situ hybridisation (FISH) or
comparative genome hybridisation (CGH). Further techniques,
such as microsatellite analysis, multiple ligation-dependent
probe amplification (MLPA) and genome-wide single nucleo-
tide polymorphism can also be used for the genomic study of
uveal melanoma. Karyotyping is useful for the detection major
chromosome gains or losses. However, minor genetic altera-
tions are not identified. FISH, such as CGH is more accurate
in detecting chromosome aberrations in uveal melanoma;
however, it is still insufficient for the detection of all chromo-
some modifications (183). Thus, the study of the molecular
biology of uveal melanoma is required for the development
of novel techniques. MLPA is currently an interesting option,
particularly when combined with clinical and histological
data, as it offers information on chromosomes 1, 3, 6 and 8 and
it can be used in a wide range of samples, even those subjected
to radiotherapy (184,185). Genome expression profiling (GEP)
has been however, most successful for the prognosis of uveal
melanoma (186). The strengths and limitations of these
methods were reviewed by Dogrusoz et al (185). Additionally,
whole genome sequencing (WGS) can provide substantial
information in uveal melanoma (187) and microarray analysis
can also offer whole genome data, partial chromosome defects,
loss of heterozygosity or additional challenges not detected by
FISH (188).

Pathological and genetic studies require invasive proce-
dures to obtain biopsies; thus, the use of these methods in
uveal melanoma is a matter of debate (189). The introduction of
non-invasive diagnostic techniques, the validity of these genetic
tests and even the emotional and ethical impacts for both
patient and physician of the results (190) are some of the limita-
tions of genetic risk determination. Nonetheless, the potential
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implications of knowledge regarding prognosis could be essen-
tial to establish guidelines for the follow-up of patients when
the metastatic risk is low and opt for more aggressive treatment
options if the risk is high. For instance, the presence of M3 or
D3 is critical for the clinical management of uveal melanoma.
The detection of the commonly found M3 in small tumours
prompts the use of more aggressive treatments in these patients,
especially to prevent metastasis (191). If M3 were detected, this
could mean the tumour has spread to other organs, and hence,
local therapy would not be effective (192). Surveillance in these
high-risk patients may be hepatic imaging and liver function
tests every 3-6 months (193). The biopsy method must also be
considered in the study of M3 in uveal melanoma. Whereas fine
needle aspiration (scleral approach) obtains a tumour sample
from the base, the transvitreal approach collects the biopsy
through the apex returning different results. Because of tumour
heterogeneity, the scleral approach is the best method to detect
M3 (194). Similarly, BAP1 tumours may have a significant
clinical impact in uveal melanoma management, particularly in
the development of targeted therapy.

Current and potential therapies. A close association exists
between metastatic disease, prognosis and response to therapy.
This is due to the fact that considerable advances have been
made in the locoregional control of the disease through both
conservative techniques (e.g., brachytherapy, external beam
radiation therapy or laser photodynamic and photocoagula-
tion therapy) and more aggressive approaches (enucleation)
rendering an overall 5-year survival of approximately 80% (4).
This survival rate has remained stable over the past 30 years,
and developments have therefore consisted mainly of more
effective and less aggressive surgical techniques.

Similar to the association existing between the prog-
nosis and metastasis of uveal melanoma, immunotherapy
is one of the main pillars of the treatment of disseminated
disease. Systemic chemotherapy barely improves the overall
prognosis of a patient and the response rate to conventional
chemotherapy is <1%. Moreover, there is still no standard-
ized treatment available for the management of metastatic
disease that has been able to improve the long-term survival
of these patients (195). This has meant that emphasis has
been made on the most current treatment option, whereby an
immune response is induced based on histological tumour
characteristics, T lymphocytes and dendritic cells, and on the
different cell signalling pathways. To understand the history
of immunotherapy in patients with uveal melanoma, it should
be remembered that the first trials involving this approach
were conducted in patients with melanoma of the skin. For
example, checkpoint inhibitors, mainly anti-CTLA4 (ipilim-
umab) and anti-PD1 (nivolumab), elicit a response in 40-60%
of patients with metastatic cutaneous melanoma. However, in
patients with uveal melanoma the response rate is approxi-
mately 20-30% (196). This poor response may be attributed to
resistance due to the high tumour burden or to a low mutation
rate conferring scarce antigenic induction and therefore a poor
immune response. It should be emphasized thatimmunotherapy
catalyses an immune reaction against tumour cells, such that
a failed response will determine the disease will progress. A
new immune approach involves the use of tebentafusp. This
agent is based on the immune-mobilizing monoclonal T cell
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receptor (TCR) formed by a soluble TCR fused with an
anti-CD3 presenting to uveal melanoma antigens, leading to
T cell activation and triggering the activation of the immune
response cascade with the consequence of enhanced tumour
lysis (197). This novel treatment gives rise to a response rate
of 57 to 71% after 16 weeks (198). It should be noted that
this therapy is still under development and is being tested in
several types of cancer, and that the long-term response to this
new approach remains unknown. Similarly, several coadju-
vant therapies have been assessed, such as vaccination with
uveal melanoma cell antigens (gpl00, t, RNA melanoma or
tyrosinases) also targeted at activating the immune response,
although this time on the part of dendritic cells. In patients
classified as high risk (those with monosomy 3), this type
of therapy has given rise to a 3-year survival rate of 79%,
although as for tebentafusp, this is still at the clinical trial
stage (199). Likewise, molecular targeting mayh be one of the
most promising therapies for the management of uveal mela-
noma. For example, GNAQ and GNAI11 pathway inhibitors,
such as selumetinib or trametinib, both targeting MEK, have
been shown to be successful in some clinical trials (200,201).
Despite this, neither selumetinib nor trametinib increase the
overall survival rate. This is due to resistance acquired by
the tumour to these inhibitors, also observed in cutaneous
melanoma (202). Blocking other cell signalling pathways
such as cMET/PI3K inhibition in liver metastasis could be a
solution to MEK inhibitors resistance (203). Likewise, histone
deacetylase (HDAC) inhibitors represent an interesting coad-
juvant to MEK inhibitors, also reducing tumour growth in
various in vivo models (204). Notably, HDAC inhibitors have
exhibited some efficacy in controlling cell differentiation, cell
cycle and in the gene expression profile of cultured uveal mela-
noma cells (205). Importantly, by inhibiting the acetylation of
histones, it is possible to reverse the effects of the loss of BAP1
through its effects on the cell cycle, leading to a less aggressive
differentiated state (182).

The spliceosome has also been proposed as a poten-
tial antitumoral target in a number of types of cancer, as
demonstrated by Bonnal er al (206). Examples of SF3Bl1
inhibitors are sudemycins, spliceostatin A and meayamycin.
According to some authors, these compounds act through
intron retention (207), whereas others propose massive exon
skipping (208), hence interfering with aberrant SF3Bl1splicing.
While further insight is needed into SF3B1 biology to design
and predict the desirable effects of its inhibition, its potential as
a uveal melanoma target is undeniable (209). Of note, spliceo-
some inhibitors may also be useful in BAP1 mutant tumours,
as they promote c-Myc expression, increasing susceptibility
to this therapy (182). Currently, H3B-8800 is being tested in
patients with haematological malignancies (NCT02841540).
Another undergoing clinical trial involves studying the role of
niraparib in patients with uveal melanoma and other tumours
featuring BAP1 mutations (NCT03207347), and PRAME is
also being targeted in metastatic uveal melanoma through a
PRAME-TCR construct (NCT02743611). Viral carriers may
be an interesting solution to therapy delivery (210). Ongoing
virus-based and other clinical trials for severe uveal melanoma
are summarized in Table I. These new treatment lines are
indeed a ray of hope that are set to change the fatal prognosis
of this disease.

INTERNATIONAL JOURNAL OF ONCOLOGY 57: 1262-1279, 2020

11. Conclusions and future directions

The present study has provided a comprehensive overview
of uveal melanoma, from its biology to the current transla-
tional approaches. As discussed herein, uveal melanoma is
an own entity in terms of clinical signs, target population,
histology and molecular behaviour. The study of novel
biological mechanisms possibly involved in uveal melanoma
is also a key point for the design of new drugs directed
towards targets, such as tumour hypoxia responses medi-
ated by HIF-1a or epigenetic regulation driven by miRNAs.
The cellular dynamics of these tumours and the different
processes involved in their metastasis are also key topics of
further investigation. The search for novel and more reliable
blood or tissue biomarkers could be expedited by develop-
ments in techniques of proteomics and metabolomics, that
will allow for the analysis of larger and more representative
samples from patients with uveal melanoma. Risk determi-
nation strategies play a crucial role in the management of
physicians or researchers and in improving early diagnosis,
thus facilitating the follow-up of these patients. Genetics
is a determining factor for the uveal melanoma stratifica-
tion, its behaviour, therapeutic approach, and the emergent
development of immunotherapy. New research efforts and
current clinical trials must pursue novel therapies targeting
the individual set of characteristics of this type of cancer.
Uveal melanoma is a fatal cancer and its overall survival
rate has not markedly improved over the past 3 decades. As
molecular awareness has improved the understanding and
management of such a complex disease, extensive research
is required to continue to further elucidate the underlying
mechanisms and complete them, not only from a biological
view, but also with clinical outcomes, supporting the basis of
further translational approaches.
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