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Simple Summary: Around 50% of patients with uveal melanoma (UM) still develop metastatic
disease. Despite recent advances in the diagnosis and prognosis of UM, improvements in overall
survival have not been achieved. At present, there is no available standard of care for adjuvant and
metastatic settings. The aim of our review article was to discuss the latest advances in understanding
the molecular mechanisms underlying uveal melanoma and novel treatment options for metastatic
disease. We provided a detailed analysis of the most recently published works in the Literature along
with a number of ongoing clinical trials for adjuvant and metastatic treatment of uveal melanoma.
New insights into the pathogenesis of UM and promising results from the study of innovative tailored
therapies could offer viable opportunities for translating in clinical practice.

Abstract: Uveal melanoma (UM) is the most common intraocular cancer. In recent decades,
major advances have been achieved in the diagnosis and prognosis of UM allowing for tailored
treatments. However, nearly 50% of patients still develop metastatic disease with survival rates
of less than 1 year. There is currently no standard of adjuvant and metastatic treatment in UM,
and available therapies are ineffective resulting from cutaneous melanoma protocols. Advances and
novel treatment options including liver-directed therapies, immunotherapy, and targeted-therapy
have been investigated in UM-dedicated clinical trials on single compounds or combinational
therapies, with promising results. Therapies aimed at prolonging or targeting metastatic tumor
dormancy provided encouraging results in other cancers, and need to be explored in UM. In this
review, the latest progress in the diagnosis, prognosis, and treatment of UM in adjuvant and metastatic
settings are discussed. In addition, novel insights into tumor genetics, biology and immunology,
and the mechanisms underlying metastatic dormancy are discussed. As evident from the numerous
studies discussed in this review, the increasing knowledge of this disease and the promising results
from testing of novel individualized therapies could offer future perspectives for translating in
clinical use.

Keywords: uveal melanoma (UM); metastatic uveal melanoma (mUM); prognostication;
adjuvant therapy; metastatic therapy; metastatic dormancy; liver-directed-therapies; immunotherapy;
targeted-therapy; combined therapy

1. Introduction

Uveal melanoma (UM) is the most common intraocular malignancy. UM originates from melanocytes
of the uveal tract of the eye, including the iris, ciliary body, and retinal choroid. Despite successful
control of the primary tumor and the significant improvements in early identification of patients at risk
of metastatic progression, metastatic disease still occurs frequently and is invariably lethal. In addition,
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to date, there is no available standard of care for the treatment of metastatic UM (mUM). Current treatment
protocols are mainly adapted from cutaneous melanoma, although they differ in terms of clinical and
genetic profile, and ocular melanoma is often excluded from most clinical trials.

In recent decades, the increasing understanding of tumor genetics, biology, and immunology
has allowed for a better insight into the pathogenesis of UM; as a consequence, several clinical trials
have been performed to investigate novel therapeutic targets for the treatment of UM in an attempt to
change the disease course.

In this paper, we reviewed recent advances in diagnosis, prognosis, and innovative treatment
options for UM in adjuvant and metastatic settings, and perspectives for translating in clinical practice.
Special emphasis was directed towards the mechanisms underlying metastatic dormancy and related
therapeutic applications, as promising preventative strategies for metastatic growth.

2. Epidemiology and Uveal Melanoma Characteristics

UM is a relatively rare malignancy accounting for 5.3% of all melanoma cases recorded in the
USA [1]; however, it represents the most common primary intraocular cancer in adults. Among ocular
melanomas, 85% originates from the uvea, 4.8% from the conjunctiva, and the remaining 10.2% from
other sites [1]. UM mostly arises from melanocytes located in the choroid (90%) and to a lesser extent
in the iris (4%) and ciliary body (6%) [2]. The annual overall incidence of UM remained stable in recent
decades at approximately 5.1 cases per million individuals in the USA and between 1.3 and 8.6 cases
per million in Europe [3–10]. The disease is more frequent in Caucasian ethnicity, with a median age of
presentation of approximately 60 years and 30% greater incidence in males [3–5,7,11–13]. Most relevant
predisposing factors for the development of UM are the presence of dysplastic nevus syndrome,
choroidal nevi, ocular or oculodermal melanocytosis, familial syndromes including germline BAP1
(BRCA1-associated protein 1) mutations, and neurofibromatosis [14–17]. Of note, cutaneous melanoma
is not a risk factor for UM [18,19]. One in 8000 choroidal nevi transform into melanoma. The elements
suggestive of a malign lesion are listed in Table 1 [20–22]. The chance of transformation is 4% if any
characteristic is present, and it is more than 50% if three or more features are combined [20,21]. Choroidal
nevi that do not exhibit any malignant feature require initial monitoring twice a year and then once a
year if stability persists. Those showing 1 or 2 features need strict monitoring at least every 4–6 months,
while those with 3 or more features should be referred to a specialized center for possible primary
treatment and prognostic stratification [20,21]. According to the Collaborative Ocular Melanoma Study
(COMS), the diagnosis of UM can be exclusively clinical, with a clinical misdiagnosis rate of only
0.48% [23]. However, other studies highlight the importance of fine-needle aspiration biopsy (FNAB) for
diagnostic accuracy in selected cases [24]. In recent decades, treatment of primary UM has been evolving
from enucleation towards effective eye-conserving modalities inclusive of radiation, surgical, and laser
therapy [25]. However, the five-year survival rate has not registered substantial improvements during
the past four decades, and it is still estimated at 70–80% irrespective of the type of treatment [4,9,26–30].
Radiotherapy and surgery achieve local disease control exceeding 90%, but approximately 50% of
patients ultimately develop metastases, with UM showing a considerably worse prognosis than its
cutaneous counterpart [4,26,31–33]. The estimates of metastatic progression are reported from 32% at
5 years, to 50% at 15 years, and 62% at 35 years [26]. The uveal tract is rich in vascular structure, and UM
is peculiar for its almost exclusive dissemination via the hematogenous route with a propensity for the
liver as the first site of metastasis in over 90% of cases. However, conjunctival lymphatic infiltration
following direct invasion of the sclera has also been described [34]. The main predictors of metastatic
progression of UM include clinical (tumor thickness and basal diameter, ciliary body involvement,
degree of extraocular extension), histopathologic (epithelioid cytomorphology, infiltrating lymphocytes
and macrophages, fibrovascular loops and networks, high mitotic activity), and genetic factors [35–40].
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Table 1. Features predicting malignant transformation of choroidal nevus into melanoma are listed in the mnemonic ”TFSOM UHHD ‘to find small ocular melanoma
using helpful hints daily’”. The percentages of choroidal nevus growth into melanoma based on number of involved features are reported along with recommended
clinical monitoring [20,21].

Mnemonic Feature N of Features Choroidal Nevus Growth into Melanoma (%) Monitoring

To Find Small Ocular Melanoma
Using helpful Hints Daily

Thickness > 2 mm None 4% Every 6 months
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3. Prognosis of UM

Recent studies showed that UM characterization based on cytogenetics and gene expression
profiling (GEP) significantly improved the prognosis in UM [38,41–45]. As consequence, great efforts
have been made to identify karyotype or gene alterations which are associated with higher tendency to
metastatic spread.

Based on the increased understanding of UM genetics, some authors proposed integrating the
American Joint Committee on Cancer (AJCC) Tumor-Node-Metastasis (TNM) clinical staging system
with genetic parameters to improve the prediction of metastatic progression [39,46–50]. These studies
showed that the prognostic significance of tumor basal diameter was considerably enhanced when
considered together with chromosome mutational profile and histological grade, leading to UM
clustering into low/high-risk models from large cohort studies [39,46,47,50]. Likewise, the group of
Vaquero-Garcia developed a model for personalized Prediction of Risk of Metastasis in UM (PRiMeUM)
based on clinical and chromosomal information, showing 85% prediction accuracy [48]. Concomitantly,
efforts were dedicated to the study of classifications solely based on genetic data [43–45,51]. Recently,
The Cancer Genome Atlas (TCGA) classification has been proposed to improve the identification of
high-risk patients for metastatic disease with respect to an AJCC-TNM clinical staging system [52].
Specifically, the TCGA project, starting in 2005, was designed to conduct an expression analysis of
mRNA, micro RNA, and long noncoding RNA and catalog genetic mutations of 33 different cancer
types, including UM [53]. Based on TCGA results of chromosome 3 disomy or monosomy and degree
of chromosome 8q gain, UM was categorized into 4 classes (A, B, C, and D) of progressive worsening
prognosis [51]. Tumor clinical features and outcomes of metastatic risk and death were evaluated
in a large sample of UM categorized on the basis of TCGA system, and the more advanced classes
corresponded to older age, greater tumor size, and worst prognosis [54].

Cytogenetic Alterations in UM

The most studied karyotype alterations in UM include chromosome 3 and 8. Chromosome 3
complete monosomy is the most frequent karyotype abnormality observed in almost half of all
UM [38,55–57]. The presence of this monosomy is associated with a five-year survival rate of 39%,
whereas a 90% five-year survival rate is observed for UM without monosomy 3 [58]. Interestingly,
BRCA1-associated protein-1 (BAP1) is a tumor-suppressor gene placed on chromosome 3, and it is
mutated in 47% of primary UM and up to 91% of metastatic UM [59–64]. The splicing factor 3B
subunit 1 (SF3B1) is consistent with disomy 3 and shows more favorable prognosis, although an
association with delayed metastases has been reported [65–67]. Eukaryotic translation initiation factor
1A, X-linked (EIF1AX) gene mutations are also described along with SF3B1 in UM with disomy 3,
but metastatic tendency is less frequent [68]. Among other chromosome alterations, rearrangements
in chromosome 8q have been described in approximately 40% of UM. Specifically, UM with normal
8q profile have 93% five-year survival, while those with one additional copy have 67% and those
with 8q amplification have 29% [58,69]. A recent study on 1059 UM patients over 8 years follow-up,
showed that the concurrent presence of 3 complete monosomy and 8q gain resulted in an increased
risk of metastasis and death [43]. Interestingly, the most severe mutational events consisting of
chromosome 3 loss and chromosome 8q gain correlated positively with ciliary body involvement,
tumor thickness and basal diameter, proximity to the optic disc, extraocular spread, epithelioid cells,
and age [70]. This evidence suggests that early intervention, when tumor growth is limited and the
genetic profile more favorable, could prevent tumor dedifferentiation into a more aggressive type [54,70].
Further cytogenetic aberrations associated with an increased risk of distant recurrences include 1p loss,
6q loss, and 8p loss [71,72]. Due to advances in knowledge on cancer biology, over the last two decades,
genetic tests are routinely performed in clinical practice, ranging from single chromosome 3 evaluation
to arrays of analyses for chromosomes 1, 3, 6, and 8 and GEP. However, both cytogenetic testing and
GEP for prognosis of UM require invasive procedures to harvest the specimens from either enucleation
or intraoperative FNAB [44,73–76]. Specifically, among cytogenetic tests, analysis of a karyotype
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using fluorescence in situ hybridization (FISH) and the array comparative genomic hybridization
(aCGH) allows for the detection of translocations and partial deletions of the chromosome 3 and
requires a large amount of tissue with a technical failure rate with FNAB of approximately 50% [77,78].
Among other genetic analyses, multiplex ligand-dependent probe amplification (MLPA) consists of
31 probes to analyze loci on chromosomes 1p, 3, 6, and 8 and, thus, to identify high- and low-risk
patients. Similar to FISH and aCGH, MLPA requires large tissue samples with increased risk of
biopsy complications [47]. An alternative cytogenetic method requiring a lower number of samples
is represented by microsatellite analysis (MSA). This technique combines fluorescent probes with
PCR, and has proven accurate for the identification of aberrations on chromosome 3, but not for
those on chromosomes 8 and 6 [57]. Besides these limitations, cytogenetic tests are prone to sampling
errors in UM due to its dense cellularity and elongated nuclei that weave in and out of the plane
of section, and to significant intratumoral heterogeneity [47,79,80]. GEP, using an RNA-based assay,
currently represents the gold standard in molecular prognosis. This test has a technical failure rate
of only 3%, and can be performed on fine-needle biopsies even when the quantity of RNA is below
detectable limits. It allows for the categorization of UMs in Class 1 and Class 2 based on low and
high risk of metastatic potential, respectively [44,45]. The prognostic accuracy of GEP classification
has proven superior over cytogenetic methods, and this would be related to the heterogeneous
distribution of chromosomal markers throughout the tumor. GEP analysis is indeed very sensitive for
detecting the proper class signature in heterogeneous tumors as it performs simultaneous evaluation
of several genes representative of the tumor microenvironment [45]. There is evidence reporting
that GEP is more capable of capturing the overall tumor functional complexity than a chromosomal
marker [47,80]. The group of Onken et al. developed a clinically feasible platform for analyzing GEP
by a 15-gene PCR-based assay [81]. This assay is now commercially available in the United States
as DecisionDx-UM® (Castle Biosciences, Friendswood, TX, USA), and it is highly accurate, easy to
interpret, and independent from additional analyses. In detail, GEP Class 1 is subdivided into class 1A
and class 1B, with 2 and 21% five-year metastatic risk, respectively, whereas GEP Class 2 is associated
with a five-year metastatic risk of 72% [66,82]. Recently, GEP classification has been revised based
on PRAME (preferentially expressed antigen in melanoma) status. PRAME has been reported as an
independent prognostic biomarker for UM that identifies increased metastatic risk in patients with
Class 1 or disomy 3 tumors. When combined with a 12-gene expression panel, PRAME messenger-RNA
expression predicted a five-year metastatic rate of 0 in class 1/PRAME−, 38% in class 1/PRAME+,
and 71% in class 2 tumors. Interestingly, PRAME+ status was positively correlated with larger
tumor diameter after analysis of the TCGA Research Network dataset. PRAME expression positively
correlated with larger tumor diameter and SF3B1 mutations as well as gain of 1q, 6p, 8q, and 9q and
loss of 6q and 11q [83].

4. Adjuvant Therapies and Surveillance of UM

Despite significant advances in prognosis and identification of high-risk patients, adjuvant systemic
treatments effective in preventing metastases or improving outcomes in UM are not yet available in
clinical practice [84,85]. Therefore, intensified surveillance appears crucial for the early detection of
oligometastatic disease manageable with liver-directed therapies, as well as to enroll patients eligible
for clinical trials [86]. Specifically, patients identified at a high-risk of metastatic progression based
on cytogenetics or GEP should have six-monthly life-long surveillance including a clinical review,
nurse specialist support, and liver-specific imaging by a nonionizing modality [87]. It is reported that
magnetic resonance imaging (MRI) obtained every six months is capable of detecting the metastases
before the onset of symptoms in 92% of cases [86]. A few adjuvant therapy trials have been tested
in UM based on favorable results in cutaneous melanoma. A randomized controlled clinical trial
investigated the effects of dacarbazine (DTIC)—an intravenous alkylating agent—demonstrating no
survival advantage over observation in UM [88]. Likewise, a randomized study on methanol-extraction
residue of bacille Calmette-Guérin (BCG) reported no benefit in improving the survival rate [89].
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Two nonrandomized studies failed to demonstrate beneficial effects on survival rate with systemic
adjuvant low-dose interferon-alpha (IFN-α) compared with matched historical controls [90,91].
Fotemustine, an alkylating agent with high hepatic uptake, has been studied as an adjuvant therapy
for UM by intra-arterial hepatic delivery, with a trend towards improved survival but not statistical
significance compared with matched historical controls [92]. However, these adjuvant studies were
conducted before the introduction of molecular methods of prognosis. In this respect, a multicenter
randomized phase III clinical trial (FOTEADJ) based on genomic analysis in high risk UM patients
treated with adjuvant fotemustine versus observation was performed, but it was stopped earlier
for futility [93]. Similarly, a nonrandomized prospective phase II clinical trial designed to evaluate
sequential low-dose DTIC and IFN-α-2b in cytogenetic high-risk patients was completed, but it failed
to reach the primary outcome of progression free survival (PFS) or overall survival (OS) increase at
five-year follow-up [94]. Novel classes of molecules have been investigated in the adjuvant setting for
UM with promising results. The tyrosine-kinase receptors c-Met and c-Kit are highly expressed in UM
and activate the Ras/Erk, and PI3-kinase pathways following binding to the hepatocyte growth factor
(HGF) and stem cell factor (SCF), respectively. These pathways have been definitely demonstrated to
be involved in cancer occurrence and progression [95]. Crizotinib—a tyrosine-kinase inhibitor that
inhibits the phosphorylation of c-Met—was shown to significantly reduce the development of distant
metastases in a murine model of metastatic UM when compared with an untreated control group [96].
Of note, crizotinib is currently under evaluation in patients with UM [97]. A retrospective cohort
study based on adjuvant sunitinib—a tyrosine-kinase inhibitor that inhibits c-Kit—and conducted
in high-risk patients stratified according to cytogenetics and GEP, resulted in three- and five-year
improvement of OS estimates [98]. To confirm such results, a phase II pilot clinical trial evaluating
sunitinib, tamoxifen, and cisplatin in patients with high-risk ocular melanoma is ongoing [99]. Similarly,
a randomized, noncomparative phase II clinical trial investigating sunitinib and the histone deacetylase
(HDAC) inhibitor, valproic acid, for high-risk tumors in an adjuvant setting is currently ongoing [100].
The assumption for using HDAC inhibitors in the adjuvant setting for UM is based on their ability to
reverse the phenotypic effects of BAP1 loss in cultured UM cells [101,102]. Another interesting approach
for the treatment of UM is the use of adjuvant dendritic cell (DC) vaccination. An open-label phase II
clinical trial was performed to investigate immunologic responses after adjuvant DC vaccination in
patients defined at high-risk based on cytogenetics. This study showed an increase in OS in patients
with a detectable tumor antigen-specific immune response [103]. In addition, a multicenter, randomized,
two-armed, open-label phase III study to evaluate the adjuvant vaccination with tumor RNA-loaded
autologous DCs in patients with resected monosomy 3 UM is currently ongoing [104]. A similar phase
I/II study on mRNA transfected autologous DCs in high-risk uveal melanoma patients has recently been
closed due to slow accrual [105]. Immunotherapy with monoclonal antibodies, such as antiprogrammed
cell death protein 1 (PD-1) nivolumab, anticytotoxic T-lymphocyte-associated Protein 4 (CTLA-4)
ipilimumab, and anti lymphocyte activation gene 3 (LAG-3) relatlimab, modulated the immune
responses in the tumor microenvironment and interfered with tumor growth and spread [106,107].
A small sample size phase I/II pilot trial of adjuvant ipilimumab in high-risk primary uveal melanoma
demonstrated that 80% of patients were disease-free at 36 months [108]. A randomized phase II
trial, evaluating nivolumab with or without ipilimumab or relatlimab in neoadjuvant and adjuvant
settings, is currently ongoing in patients with AJCC stage IIIB–IV posterior UM [109]. Similarly,
a phase II single-arm multicenter study to evaluate the effects of adjuvant ipilimumab treatment in
combination with nivolumab in subjects with high-risk UM is currently recruiting [110]. An innovative
approach is represented by prophylactic radiation therapy to the liver; however, a phase II trial on
external-beam hepatic irradiation in high-risk patients has recently been closed for lack of accrual [111].
Moreover, there is recent evidence of potent antitumor effects in UM cells following nonselective
beta-blocker administration, and concurrent expression of β1 and β2 adrenoceptors in UM specimens.
These findings suggest that further investigation is needed in the context of clinical trials for adjuvant
scope [112]. Current clinical trials in the adjuvant setting are summarized in Table 2.
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Table 2. Current adjuvant trials in uveal melanoma.

Clinical Trials N Tested Agent and Mechanism of Action Phase Status

NCT02223819 Crizotinib (c-Met inhibitor) II Recruiting
NCT02068586 Sunitinib (c-Kit inhibitor) vs. Valproic acid (HDAC inhibitor) II Recruiting

NCT00489944 Suntinib (c-Kit inhibitor) + Tamoxifen (estrogen receptor
modulator) + Cisplatin (alkylating agent) II Unknown

NCT01983748 Dendritic cell vaccination (immunotherapy) III Recruiting
NCT00929019 Dendritic cell vaccination (immunotherapy) I/II Terminated, slow accrual

NCT02519322 Nivolumab (anti-PD1) with or without Ipilimumab
(anti-CTLA4) or Relatlimab (anti-LAG3) II Recruiting

NCT03528408 Ipilimumab (anti-CTLA4) + Nivolumab(anti-PD1) II Recruiting
NCT02336763 Prophylactic External-Beam Radiation Therapy to the liver II Terminated, lack of accrual

5. Metastatic Dormancy and Therapeutic Opportunities

A proportion of only 1–2% of patients with UM presents metastatic disease at the time of
diagnosis [113,114]. However, mathematical models of cell doubling times and direct histopathologic
evaluation suggest that UM hepatic micrometastases would be present since the time of initial
diagnosis [115–118]. The identification of circulating tumor cells in the bloodstream of patients
clinically free of metastasis supports this consideration [117,119]. It is worth noting that early
detection and primary treatment showed to have an impact on disease-related morbidity but not
on patients’ OS [7,118,120,121]. Moreover, there is evidence that UM liver metastases may remain
stable for years until an exponential proliferation occurs [122]. Based on these observations, a growing
interest has been focused in the study of the mechanisms underlying UM cell dormancy in the
liver and potential ways to prolong or specifically target them [115–118]. The identification of the
key factors involved in the transition to rapidly growing tumors is crucial for the development of
novel therapeutic strategies in order to prolong metastatic dormancy or eliminate dormant cancer
cells in a controlled fashion. In fact, the state of dormancy confers refractoriness to conventional
therapies aimed at targeting rapidly proliferating cells. Several studies have been performed to
identify novel therapeutic targets able to control or eliminate metastatic dormant cells in different
cancers; however, metastatic dormancy has not yielded appropriate clinical investigation in melanoma,
and specifically in UM. Dormant tumor cells are supposed to be in a quiescent state, prevented from
proliferating exponentially due to blockage of the cell cycle. The dormancy of disseminated tumor cells
is supposed to be the result of a balance between anti- and protumorigenic immune and inflammatory
responses, failure in activating the angiogenic switch, genetic modulation by metastasis suppressor
genes (MSGs), and associated signaling pathways [123–125]. The arrest of circulating cancer cells
adhering to the sinusoidal endothelium of the hepatic lobules leads to avascular micrometastasis
development in periportal areas [126]. Simultaneously, tumor lytic M1 phenotype macrophages
are recruited along with activated hepatic stellate cells (HSCs) secreting extracellular matrix and
proinflammatory mediators [126–128]. The paracrine signaling on UM cells would then lead to a
reduction in D-type cyclin and a deregulation in the interaction of the cyclin-dependent kinases (CDKs)
with the CDK inhibitors (CKIs), with consequent arrest of UM cells proliferation [129,130]. The potential
to evade the immune system in cancer is associated with increasing tumor genetic instability and
related reduction in immunogenicity following progression [119,122]. In accordance, CD4+ tumor
infiltrating lymphocytes (TILs) and CD8+ TILs have been described in advanced metastatic disease
with perivascular and peritumoral distribution, respectively. Thus, suggesting their inability to
infiltrate the tumor mass as disease progresses [127,131,132]. Furthermore, a clear prevalence of
proangiogenic and protumorigenic M2 phenotype macrophages has been demonstrated within hepatic
mUM in late stages of the disease [127,131]. Interestingly, BAP1 loss has recently been correlated with
upregulation of several genes associated with suppressive immune responses and, at the protein level,
with entrapment of infiltrating immune cells within peritumoural fibrotic areas surrounding mUM [62].
There is evidence suggesting that dormant cells express mutant neoantigens, which can occur naturally
or rather derive from treatment [133,134]. The low frequency of naturally occurring neoantigen-specific
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T cells clones, anyway, has favored the advent of specific adoptive T-cells transfer therapies [135,136].
Adoptive T-cells transfer therapies may be of interest for UM since the primary tumor originates in the
immune-privileged environment of the eye, and it may present tumor neoantigens for which the host’s
immune system is not prepared. T-cells targeting glycoprotein gp100 were tested for this scope in vitro
and in vivo in human UM, demonstrating homing to the eye and effective tumoricidal function [137].
Recently, cell-based vaccines modified to express MHC II alleles syngeneic to the recipient and the
costimulatory molecule CD80 have been studied in UM. These vaccines were capable of activating
CD4+ T cells specific to uveal melanoma neoantigens, that in turn reacted with primary UM cells and
cross-reacted with mUM cells. Moreover, CD4+ T cells activated CD8+ T cell-mediated immunity
against primary and mUM cells [138]. In addition, IFN-γ production by CD4+ T cells activated
by UM vaccines, promoted an antitumor response by inhibiting neovascularization and tumor cell
proliferation, as well as upregulating tumor-expressed MHC molecules [138]. In detail, IFN-γ showed
the ability to mediate long-term cell growth arrest in vitro and in vivo nude mice models via STAT1
and p27-dependent mechanisms, and it also raised the hypothesis of inducing specific T-cells capable of
IFN-γ production upon recognition of tumor cells [139–141]. For this purpose, a phase I/II clinical trial
to evaluate the efficacy of immunotherapy with TILs in combination with intratumoral injections of
IFN-γ-adenovirus in cutaneous metastatic melanoma is ongoing [142]. Moreover, a study investigating
tumor microenvironment, demonstrated that the use of low doses of the anti-VEGF receptor 2
(VEGFR2) antibody was able to polarize the immune inhibitory M2-like phenotype towards the immune
stimulatory M1-like phenotype and to recruit CD4+ and CD8+ T-cells. These mechanisms suggested
that low-dose antiangiogenic treatment in adjunct to vaccine therapy could enhance anticancer
efficacy [143]. Among other factors regulating the awakening of dormant cells, the angiogenetic
sprout allowing the shift from prevascular to highly vascularized lesions is known to play a critical
role [123]. The group of Grossniklaus et al. identified pseudo-sinusoidal spaces between the sinusoidal
endothelium and hepatocytes (space of Disse), developing from stellate cells to nourish large infiltrative
pattern metastases [144,145]. The hepatic fibrosis/stellate cell activation and the mTORC1/S6K signaling
axis have been fully characterized while profiling secretome from high-risk metastatic UM compared
to normal choroidal melanocytes [146]. In a study on GEP analysis in experimental animal models
of different human types of cancer, a downregulation of angiogenesis inhibitor thrombospondin
and decreased sensitivity to angiostatin in switched fast-growing versus dormant tumors were
described [147]. Other genes associated with the angiogenic process were observed to contribute to
tumor dormancy, including tropomyosin, transforming growth factor beta 2 (TGF-b2), Eph receptor
A5 (EphA5), histone H2BK, proline 4-hydroxylase alpha polypeptide I, and insulin-like growth factor
binding protein 5 (IGFBP-5) [123]. Several studies not including UM investigated the role of MSGs
in preventing the formation of metastases and favoring dormancy [124,125,141,148–159]. Specifically,
the MSGs KISS1, RhoG-DI2, and Nm23-H1 showed to be able to suppress the development of distant
metastases without significantly affecting tumor growth at the primary site [124,125]. Interestingly,
MSGs rarely mutate, and their downregulation in highly metastatic tumors would rather be associated
with epigenetic modifications. In this regard, possible therapeutic targets could be represented by
DNA methyl-transferases and histone deacetylases [102,160,161].

6. Treatment of Metastatic Disease

UM patients with metastatic disease are hardly candidates for curative treatments, with a
reported 15% one-year survival and an average life expectancy varying in literature from 6 to
12 months [1,2,6,26,30]. There is currently no standard of care for the treatment of mUM, and available
treatments are mostly adapted from cutaneous melanoma protocols in spite of their different clinical
and genetic profiles [162]. Furthermore, patients presenting with ocular or mucosal melanoma are
frequently excluded from clinical trials. Thus far, systemic chemotherapy has provided poor response
rates (0–15%) in clinical trials for UM metastatic disease [163–165]. Liver-directed therapies have
shown limited improvements in response rates, but no benefit in OS [166–169]. Unlike the positive
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results achieved in the treatment of metastatic cutaneous melanoma, immunotherapy and targeted
therapies have failed to improve OS in metastatic UM.

6.1. Chemotherapy

Systemic chemotherapy, adopted from cutaneous melanoma, has been evaluated in the
context of single-arm phase II studies in mUM as monotherapy, including dacarbazine,
temozolomide, fotemustine, and docosahexaenoic acid (DHA)-paclitaxel, or combined treatments
(BOLD regimen+interferon α-2b, dacarbazine and treosulfan or cisplatin, gemcitabine and treosulfan,
cisplatin, dacarbazine and vinblastine). Similar response rates of less than 15%, PFS limited to
4 months, and OS of no more than 12 months were reported [163–165,170–173]. Moreover, significant
hematological, pulmonary and neurological toxicities were observed. Therefore, research is rather
addressed to the development and testing of targeted and immune therapies, as well as liver
locoregional approaches.

6.2. Liver-Directed Therapies

The liver is the first and the sole site of metastatic spread in more than 50% of mUM patients,
and liver-directed therapies including surgical resection, regional perfusion, and embolization have
been investigated in patients with mUM confined to the liver [26]. Available knowledge on the efficacy
of liver-directed therapies is mostly based on down-sized, retrospective, single-institution studies.
A recent meta-analysis determining benchmarks of PFS and OS for mUM suggested more favorable
outcomes with liver-directed therapies compared with chemotherapy, immunotherapy, and targeted
therapy, even after adjusting for prognostic factors [174].

6.2.1. Surgery

It is reported from retrospective cohort studies that surgical resection of oligometastases is effective
for curative intent in mUM. Curative (R0) resection is the most important positive prognostic factor
following liver resection [87]. However, only 5–10% of patients are candidates for surgery based on
liver metastase distribution and size [175–177]. Comparative studies in patients with mUM showed
that median OS ranges between 10 and 35 months in patients treated with surgery (differing between R0
resection or debulk of metastases), between 9 and 15 months with any systemic treatment, and between
2 and 6 months with the best supportive care, from comparative studies on mUM [86,121,175–183].
In the largest series currently available, longer survival was associated with metastasis-free intervals
longer than 24 months; R0 resection, number of liver metastases ≤ 4, and absence of miliary disease
were associated with prolonged survival [175]. The group of Akyuz et al. demonstrated five-year
survival exceeding 20% after complete tumor destruction under laparoscopic resection or laparoscopic
radiofrequency ablation (RFA) including a nonsurgical comparator group [177]. Confirming rates were
reported in several noncomparative studies [176,182–186]. Other studies evaluated RFA or hepatic
intra-arterial chemotherapy (HIA) as an adjunct to liver surgery to increase the number of patients
with bilobar metastases achieving R0 resection [181,187,188]. Importantly, RFA associated with liver
surgery and liver surgery alone demonstrated similar survival outcomes [187]. In addition, a recent
study evaluated combined surgery and RFA in a small group of patients relapsing after complete first
liver resection, showing prolonged survival outcomes [189]. However, postresection local and distant
recurrences are frequent exhibiting rates of 75%, and there are no data from randomized clinical trials
which demonstrate survival benefit over systemic therapy [183,186].

6.2.2. Regional Perfusion Therapies

Direct targeting of hepatic arterial circulation represents an attractive strategy for unresectable
isolated liver disease. Metastases to the liver are indeed preferentially supplied by hepatic
artery branches unlike normal hepatic circulation, receiving blood mainly from the portal vein.
Regional approaches allow the direct delivery of high doses of chemotherapy with minimal systemic
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exposure and include hepatic intra-arterial chemotherapy (HIA), isolated hepatic perfusion (IHP),
percutaneous hepatic perfusion (PHP), and hepatic transarterial chemoembolization (TACE). A phase
III randomized clinical trial from the European Organization for the Research and Treatment of
Cancer (EORTC) assigned 171 patients with UM and liver metastases to receive fotemustine via HIA
or intravenously (IV). Significant improvements were registered in PFS (4.5 vs. 3.5 months) and
response rate (10.5 vs. 2.4%) with HIA compared with IV administration, but no difference was
demonstrated between the two arms in terms of OS (median 14.6 months for HIA vs. 13.8 months
for IV fotemustine) [166]. IHP, as open or percutaneous procedure (PHP), is a form of intra-arterial
chemotherapy requiring a temporary extracorporeal filtration system to surgically isolate the liver
from systemic circulation. Results from a phase II clinical trial suggested a survival advantage of
14 months for patients treated with IHP using melphalan compared with the longest survival rate
of patients with UM liver metastases not treated with IHP, associated with tolerable morbidity [190].
The SCANDIUM study—a randomized multicenter phase III clinical trial—is currently ongoing in
patients with UM and isolated liver metastases to evaluate the efficacy of IHP melphalan compared
with the best alternative care in OS [191]. Results from a randomized phase III trial including 93 patients
with melanoma metastatic to the liver (88% ocular, 12% cutaneous) treated with either PHP with
melphalan or best available care—showed that PHP was effective in significantly improving median
PFS (245 days vs. 49 days, P < 0.001) and overall response rate (34.1 vs. 2% P < 0.001). This study failed
to demonstrate survival overall benefit; however, the crossover design of the study may confound
the survival data [167]. The phase III multicenter FOCUS clinical trial is currently ongoing in patients
with metastatic disease and hepatic-dominant UM treated with either PHP with melphalan or distinct
options under the best alternative care (transarterial chemoembolization, dacarbazine, ipilimumab,
or pembrolizumab)—randomly assigned. However, due to accrual issues, this study was later modified
to remove randomization [192]. Another strategy among liver-locoregional treatments for mUM is
TACE with infusion of chemotherapeutics including cisplatin, carboplatine, mytomicin, fotoemustine,
and 1,3-bis (2-cholorethyl)-1-nitrosourea (BCNU), followed by embolization agents such as iodized oil
or polyvenylalcohol particles. In a large, retrospective cohort study, chemoembolization was effective
when compared with systemic therapies in inducing 33% response rate versus 1%; however, no survival
benefit was demonstrated [193]. Similar findings were reported in noncomparative studies, with overall
response rates varying from 20.4% to 46% [193–198]. From a phase II study, improved response rates and
survival were demonstrated in patients with less than 20% liver involvement, suggesting that small and
well demarcated tumors receiving their supply solely from the hepatic artery represent the best targets
for embolization [196]. In accordance, other studies reported that an extent of liver involvement > 50%
predicted poor outcomes with arterial chemoembolization [197]. Importantly, two-thirds of patients
with stabilization of hepatic metastases following TACE developed dissemination in extrahepatic sites
within a short time, thus raising the issue of combining systemic immuno-chemotherapy with local
treatments [196]. In a pilot clinical trial, platinum-based TACE with polyvenylalcohol (PVA)-particle
embolization in combination with systemic immuno-chemotherapy achieved a 57% partial response
rate and survival benefit [199]. A phase-I/II randomized trial evaluated HIA with cisplatin and TACE
with cisplatin and polyvinyl sponge (PVS) in 19 patients with UM metastatic to the liver, reporting a
modest overall response rate (16%) and dose-limiting toxicities [200].

6.2.3. Radioembolization

Among other techniques, radioembolization (RE) using yttrium-90 (90Y)-labeled microspheres
was evaluated as salvage therapy in the context of small, retrospective cohorts, reporting median OS
rates ranging from 9 to 24 months. Partial response or a stabilization of the disease was reported
for 57 and 77% of patients, respectively [168,169]. Recently, a prospective phase II clinical trial
evaluated the efficacy of RE in treatment-naïve patients with mUM (group A) and in participants who
progressed after immunoembolization (IE) (group B). This study demonstrated similar median OS
(18.5 months and 19.2 months) and 1-year survival rate (60.9 and 69.6%) between the two groups,
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respectively. Interestingly, the stabilization of hepatic disease was achieved in 87.0% of participants in
groups A versus 58.3% in group B [201]. In a recent single arm, open labeled, nonrandomized study,
the combination of yttrium-90 microspheres and intravenous cisplatin was well tolerated in mUM,
but it failed at demonstrating sustained disease control with a median PFS of 3 months and median OS
of 10 months [202]. A nonrandomized phase I clinical trial investigating 90Y -labelled microspheres
in combination with sorafenib—a multikinase inhibitor of cell proliferation and angiogenesis—was
concluded, but the results have not yet been published [203].

6.2.4. Immunoembolization (IE)

The increased release of tumor antigens after tumor destruction via embolization leads to the
development of immunoembolization (IE) using granulocyte-macrophage colony-stimulating factor
(GM-CSF). A randomized phase II study, investigating IE versus bland embolization (BE) in patients
with mUM, demonstrated similar OS rates (21.5 months in IE group versus 17.2 months in BE group),
with a significant survival advantage in patients with at least 20% of liver involvement within the IE
cohort. Moreover, the intense inflammatory reaction in response correlated positively with delayed
progression of extrahepatic metastases [204].

6.3. Immunotherapy

Immunological checkpoint inhibitors targeting the cytotoxic T-lymphocyte associated antigen
(CTLA)-4 (ipilimumab), the programmed cell death 1 (PD)-1 protein (pembrolizumab, nivolumab),
or the programmed cell death 1 ligand (PDL)-1 (durvalumab, atezolizumab) aim at stimulating
endogenous antitumor cytotoxic T cell response. The efficacy achieved in the management of
metastatic cutaneous melanoma and other cancers with reported durable response rates ranging
from 20 to over 60%, has not been observed in mUM [205–207]. Studies reported a response rate
below 10%, and a median survival less of than 1 year with a single-agent checkpoint block have been
widely described [208–213]. This is likely related to the immune privilege of the eye, which establishes
mechanisms to evade the immune system, and with the low mutational load with limited potential
neoepitopes of UM if compared with cutaneous melanoma. However, clinical benefit from PD-1
block has been reported in selected UM patients with biallelic MBD4 loss showing a high mutational
burden [214]. Two phase II clinical trials are investigating combinatorial checkpoint blockade with
nivolumab and ipilimumab in treatment-naïve or pretreated patients with mUM [215,216]. Specifically,
preliminary results from the clinical trial NCT01585194 showed a partial remission (PR) in 17% of
patients, and a stable disease in 53% of patients. The median OS was estimated at 1.6 years, and the
1-year OS was 62%. However, 40% of patients experienced treatment-related adverse events (TRAEs),
with 29% of treatment discontinuation [217]. A multicenter phase II open label study evaluating the
concomitant use of pembrolizumab and entinostat (HDAC inhibitor) in adult patients with metastatic
mUM (PEMDAC study) is currently ongoing [218,219]. A phase Ib/II clinical trial demonstrated
that combination treatment with RFA and ipilimumab in uveal melanoma (SECIRA-UM) was well
tolerated, but with very limited clinical activity [220]. Importantly, a randomized phase I/II study is
currently ongoing in mUM patients to evaluate the safety and efficacy of combining melphalan PHP
with ipilimumab and nivolumab [221]. In addition, the efficacy of the combination of ipilimumab
and nivolumab has been investigated in association with IE, and following 90Y radioembolization,
respectively, in two ongoing phase II trials [222,223]. Novel immune-based therapies include different
modalities of adoptive T cell therapy such as TILs, engineered T cell receptors (TCRs) and chimeric
antigen receptors (CAR) on T cells, and T cell redirection [224–227]. Adoptive transfer of autologous TILs
has shown promise in mediating tumor regression in a single-center phase II study on refractory mUM
patients who showed progression after both anti-CTLA-4 and anti-PD-1 checkpoint blockade [224].
A phase II study on immunotherapy using autologous TILs in mUM is currently ongoing [228]. In this
direction, a phase Ib study combining adoptive T cell therapy using autologous CD8+ antigen-specific
T cells and anti-CTLA-4 for patients with mUM is ongoing [229]. IMCgp100 is a bispecific ImmTAC
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(Immune-mobilizing monoclonal TCRs against cancer) molecule, targeting gp100 peptide on UM
cells and the CD3 protein complex on the surface of T cells. It redirects the recruitment of CD8+

cytotoxic T lymphocytes against melanoma cells. This molecule has shown a favorable safety profile
and durable responses in mUM, and it is currently under investigation in advanced UM in a single-arm,
phase I/II dose-escalating clinical trial and in a randomized, controlled phase II trial versus the
investigator’s choice of therapy [230–233]. As an additional promising strategy, CAR-T cells directed
against human epidermal growth factor receptor 2 (HER2) were demonstrated to be able to kill
uveal and cutaneous melanoma cells in vitro and in vivo settings [226]. A phase I clinical trial is
evaluating the effect of autologous T-lymphocytes expressing GD2-specific chimeric antigen on different
GD2-expressing cancers including UM [234]. Among immunotherapeutic options for mUM, cell-based
and peptide vaccines are currently being investigated in several ongoing clinical trials as single
therapy or in combination with immunomodulatory agents, based on favorable preclinical and clinical
studies [138,235–238]. As innovative approach, liver intralesional PV-10 chemoablation (10% rose
bengal disodium) allowed for a rapid lysis of tumor cells followed by a secondary tumor-specific
T cell-mediated antitumor immune response [239]. Based on high rates of complete response and
durable local control achieved in metastatic cutaneous melanoma, PV-10 chemoablation has been
evaluated in a phase I safety and tolerability study in mUM [240].

6.4. Targeted Therapy

Recent advances in the molecular profiling of UM provide a rationale for treatments that selectively
target the effectors of the molecular pathways which regulate tumor growth. Specifically, mutations of
the GNAQ and GNA11 genes encoding for Gα subunits of G-proteins drive oncogenesis in most
of primary and mUM, whereas mutations in the phospholipase C4 (PLCB4) or in the Cysteinyl
Leukotriene Receptor 2 (CYSLTR2) genes occur less frequently [241,242]. The development of therapies
aimed at directly targeting Gα proteins is still in an initial phase in mUM, whereas BRAF (v-raf murine
sarcoma viral oncogene homolog B1)-targeted therapy has achieved substantial results in cutaneous
melanoma [243,244]. The cyclic depsipeptide FR900359 (FR) was observed to allosterically inhibit
the GDP/GTP exchange to obtain inactive Gαβγ heterotrimers from constitutively active GαQ and
11, thus promoting cell cycle arrest in UM cells in culture and inhibiting tumor growth in UM
mouse xenografts [245,246]. The design of simplified analogues of FR900359 capable of effective
GαQ/11 inhibition, including the small molecule YM-19, opens new perspectives for pharmaceutical
development [247]. Among gene regulatory approaches, a combination therapy of oncolytic adenovirus
H101 and siRNA mediating GNAQ downregulation was shown to induce UM cells apoptosis in in vivo
activating UM cell apoptosis [248]. Moreover, a system for conjugating siRNAs to functionalized
gold nanoparticles (AuNPs) able to recognize transcripts of mutant GNAQ mRNA was developed.
This approach resulted in greater intracellular release of siRNA and decreased cancer cell viability [249].
GNAQ/GNA11 mutations drive the constitutive activation of the mitogen-activated protein kinase
(MAPK) pathway, and therapies targeting downstream effectors of Gα at the level of MEK, PKC,
and AKT have been investigated. In the phase III clinical trial SUMIT, naïve mUM patients were
randomized to receive either selumetinib—a selective MEK inhibitor—or placebo, in combination with
dacarbazine. Results of this study did not show a difference in the primary endpoint of PFS between
the two groups of treatment [250]. The combination of selumetinib with the AKT inhibitor MK2206
resulted in synergistic suppression of GNAQ mutant cell viability in vitro and in xenograft mouse
models of UM [251]. Based on these encouraging preclinical results, a randomized phase II clinical
trial was performed to investigate the efficacy of trametinib—a selective MEK inhibitor—with or
without AKT inhibition. However, this study did not demonstrate any substantial improvement in the
primary endpoint of response (PFS) for combinational treatment [252]. Sorafenib—a kinase inhibitor
targeting RAF/MEK/ERK pathway and VEGFR/PDGFR—was investigated in a phase II study by the
Southwest Oncology Group (SWOG) cooperative group in combination with carboplatin and paclitaxel
in mUM, but the limited overall efficacy did not warrant further clinical tests [253]. Among other
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strategies, a phase I study is ongoing evaluating the preliminary antitumor activity of LXS196, a PKC
inhibitor, as monotherapy and in combination with HDM201 (MDM2 inhibitor) in patients with
mUM [254]. A number of phase I and II trials on other targeted therapies in mUM have been
completed, demonstrating no impact on survival indicators, including lenalidomide (TNF-α secretion
inhibitor), gefitinib (epidermal growth factor inhibitor), bevacizumab and aflibercept (vascular
endothelial growth factor inhibitors), imatinib (KIT inhibitor), sunitinib (tyrosine kinase inhibitor),
vorinostat (histone deacetylase inhibitor), carbozantinib (tyrosine kinases c-Met and VEGFR2 inhibitor),
cixutumumab (IGF1R inhibitor), everoliumus (mTOR inhibitor) plus pasireotide (a somatostatin
analog), and ganetespib (heat-shock protein 90 inhibitor) ([196,255–269]. Currently active phase
I/II trials in mUM, targeting molecules other than MEK, AKT, and PKC, are based on BVD-523
(ERK1/ERK2 inhibitor), BPX-701 (a genetically modified autologous T cell product incorporating
an HLA-A2-restricted PRAME-directed TCR), and cabozantinib (multikinase inhibitor) versus
temozolomide or dacarbazine [270–272]. The main trials currently evaluating liver-directed therapies,
immunotherapies, and targeted therapies for mUM are listed in Table 3.

Table 3. Main ongoing trials for metastatic uveal melanoma.

Clinical Trials N Tested Agent and Mechanism of Action Phase Status

NCT01785316 IHP with melphalan or best alternative care III Recruiting
NCT02678572 PHP with melphalan or best alternative care III Recruiting

NCT01893099
90Y-labelled microspheres and sorafenib (inhibitor of RAF/MEK/ERK
and VEGFR/PDGFR)

I Complete, no results

NCT02626962 Nivolumab (anti-PD1) + ipilimumab (anti-CTLA4) II Active, not recruiting
NCT01585194 Nivolumab (anti-PD1) + ipilimumab (anti-CTLA4) II Active, not recruiting
NCT02697630 Pembrolizumab (anti-PD1) + Entinostat (HDAC inhibitor) II Active, not recruiting
NCT04283890 PHP with melphalan + ipilimumab (anti-CTLA4) and nivolumab (anti-PD1) I/II Recruiting

NCT02913417
90Y-labelled microspheres + Ipilimumab (anti-CTLA4)
and nivolumab (anti-PD1)

I/II Recruiting

NCT03472586 Immunoembolization + Ipilimumab (anti-CTLA4) and nivolumab (anti-PD1) II Recruiting
NCT03467516 TILs II Recruiting

NCT03068624 TILs + cyclophosphamide (alkylating agent), aldesleukin
(human recombinant IL-2), and ipilimumab (anti-CTLA4) Ib Active, not recruiting

NCT02570308 ImmTAC molecule (IMCgp100) targeting gp100 I/II Active, not recruiting
NCT03070392 ImmTAC molecule (IMCgp100) targeting gp100Vs. investigator’s choice II Active, not recruiting.
NCT03635632 C7R-GD2.CAR T cells I Recruiting
NCT00219843 Intralesional (IL) PV-10 chemoablation(rose bengal disodium, 10%) I Complete, no results
NCT01979523 Trametinib (MEK inhibitor) ± AKT inhibition II Complete, has results
NCT02601378 LXS196 (PKC inhibitor) ± HDM201 (MDM2 inhibitor) I Active, not recruiting
NCT01413191 Cixutumumab (IGF1R inhibitor) II Complete, has results
NCT01252251 Everoliumus (mTOR inhibitor) and pasireotide (somatostatin analog) II Complete, has results
NCT03417739 BVD-523(ERK1/ERK2 inhibitor) II Active, not recruiting
NCT02743611 BPX-701 (PRAME-targeting T-cell receptor) I/II Active, not recruiting

NCT01835145 Carbozantinib (c-MET, c-KIT, VEGFR2 inhibitor) vs. temozolomide
(alkylating agent) or dacarbazine (alkylating agent) II Active, not recruiting,

has results

Abbreviations: Isolated hepatic perfusion (IHP), Percutaneous hepatic perfusion (PHP), immunoembolization (IE),
tumor-infiltrating lymphocytes (TILs), chimeric antigen receptors (CAR), Immune-mobilizing monoclonal TCRs
against cancer (ImmTAC).

7. Conclusions

UM represents a challenge for oncologists and ophthalmologists in terms of early diagnosis,
clinical and genetic characterization, and treatments. In recent decades, considerable advances have
been made in the diagnosis and classification of patients at low/high-risk of metastatic progression
in UM, thereby facilitating early and tailored intervention. However, 50% of patients still develop
metastatic disease, and survival rates do not show substantial improvements. Thus far, there is no
accepted standard of care for the treatment of UM in adjuvant and metastatic settings, and most of
current treatments for UM are adapted from results observed in cutaneous melanoma, although UM
shows different clinical and molecular features from its cutaneous counterpart. The increasing
knowledge of tumor biology, genetics, and immunology has recently led to UM-specific clinical
trials for adjuvant and metastatic scope. Specifically, insights into the primary and metastatic UM
microenvironment and tumor immune surveillance, as well as the mechanisms regulating metastatic
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tumor dormancy, paved the way for the identification of targets for future therapies. Therefore,
research should be focused on testing novel promising therapies, and continued participation in clinical
trials should be encouraged. This will hopefully increase the survival benefit of UM patients similarly
to what has recently been observed for cutaneous melanoma.
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