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Abstract: Uveal melanoma (UM) is the most common intraocular malignancy and arises from 

melanocytes in the iris, ciliary body, or choroid. Early diagnosis and local treatment is crucial, 

as survival correlates with primary tumor size. However, approximately 50% of patients will 

develop metastatic disease with 6–12 months’ survival from metastatic diagnosis. Genomic 

analyses have led to the development of gene-expression profiles that effectively predict meta-

static progression; unfortunately, no adjuvant therapy has been shown to prolong survival to 

date. New insights into the molecular biology of UM have found frequent activating mutations in 

genes encoding for the G-protein α-subunit, GNAQ and GNA11, and improved understanding of 

the downstream signaling pathways MAPK, PI3K/Akt, and Hippo have afforded an array of new 

targets for treatment of this disease. Studies are under way with rationally developed regimens 

targeting these pathways, and novel agents are under development. We review the diagnosis, 

management, and surveillance of primary UM and the adjuvant therapy trials under way.
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Introduction
Uveal melanoma (UM) is a rare malignancy that arises from melanocytes within the 

uveal tract of the eye. Although UM is often diagnosed at an early stage, local treatment 

modalities come with significant visual morbidity and metastatic progression is not 

uncommon, portending an extremely poor prognosis. Much has been learned about the 

pathophysiology of UM, but despite these advances improvements in overall survival 

have not been achieved. Only recently have novel therapeutics emerged that rationally 

target the known mechanisms of this disease, and a number of trials are under way 

attempting to alter the disease course. In this review, we focus on the diagnosis of UM, 

therapeutic options for local control, and the pursuit of effective adjuvant therapy.

Epidemiology, etiology, and prognosis
epidemiology
UM is the most common primary intraocular malignancy in adults, representing 

3%–5% of all melanomas.1,2 UM most commonly arises from choroidal melanocytes 

(85%–90%), but can also arise from the iris (3%–5%) and ciliary body (5%–8%).1,3 

The median age of diagnosis is approximately 62 years; however, the peak range for 

diagnosis is between 70 and 79 years.1,4,5

UM incidence varies by sex, race, and country. Males have a 30% greater incidence 

than females.1 In the US, the incidence is approximately five per million individuals, 

with a significantly higher incidence in non-Hispanic whites (6.02 per million) when 

compared with blacks and Asians (0.31 and 0.39 per million, respectively). Incidence in 
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Hispanics is in the middle, at 1.67 per million.1,6,7 In Europe, 

incidence increases with latitude, ranging from two per 

million in Spain and Italy, four to six per million in Central 

Europe, and greater than eight per million in Denmark and 

Norway.8 The incidence in South Korea is similar to Asians 

in the US, at 0.42 per million.9

Risk factors
A variety of risk factors have been identified, including the 

presence of light eyes, fair skin, an inability to tan, ocular 

melanocytosis, dysplastic nevus syndrome, and BAP1 

mutations.10–13 BAP1 is a tumor-suppressor gene located 

on chromosome 3 that is mutated in 47% of UM.12 UM 

in BAP1 germ-line mutants is usually diagnosed between 

the ages of 30 and 59 years, and is driven by inactivating 

mutations in the lone functional BAP1 gene, analogous to 

the frequent loss of chromosome 3 observed in high-risk 

sporadic disease.14 Interestingly, patients with UM have an 

11% higher risk of second malignancies, such as cutaneous 

melanoma and renal cell carcinoma, than the general popu-

lation, which may be driven by the presence of germ-line 

BAP1 mutations.

The role of sun exposure as a risk factor for UM is 

unclear. Tucker et al found that time spent outdoors, tanning, 

and rare use of ocular sun protection were risk factors for the 

development of UM.15 A subsequent meta-analysis found that 

chronic ultraviolet-light exposure and geographic latitude 

were not associated with disease, but identified welding as 

a risk factor.16 Interestingly, a recent study found that pos-

terior choroidal melanomas occurring in illuminated areas 

were associated with frequent adenine-to-cytosine mutations, 

whereas ciliochoroidal melanoma arising from unilluminated 

areas are associated with frequent adenine-to-thymine muta-

tions and light eye color. This suggests both light eye color 

and sunlight may be independent risk factors associated with 

different anatomic and mutation profiles.17

Presentation and diagnosis
The most common presenting symptom in those with primary 

UM is blurred vision (37.8%); however, many patients are 

asymptomatic at the time of diagnosis (30.2%). Other com-

mon symptoms at presentation include photopsia (8.6%), 

floaters (7%), visual field loss (6.1%), visible tumor (3.1%), 

pain (2.4%), and metamorphopsia (2.2%).4

Differentiating UM from benign pigmented nevi can be 

challenging, and management is complicated by the low 

number of nevi that transform into UM (one in 8,000). Factors 

associated with an increased risk include thickness greater 

than 2 mm, subretinal fluid, symptoms, orange pigment, 

tumor margin less than 3 mm to disk, ultrasonographic 

hollowness, and lack of surrounding halo.18 Other diag-

noses to be considered when assessing lesions concerning 

for UM are dependent upon location (Table 1). In a series 

of 200 patients referred for evaluation of iris lesions con-

cerning for melanoma, 24% were confirmed to have UM: 

38% were diagnosed with primary iris cysts, 31% with iris 

nevi, 5.7% with essential iris atrophy, 4.7% with foreign 

bodies, 2.5% with peripheral anterior synechia, and 2.5% 

with secondary metastases.19 Subsequently, in a series of 

400 consecutive referrals for evaluation for posterior UM 

performed by the same group, 26.5% were diagnosed with 

choroidal nevi, 23.5% with disciform degeneration, 9.5% 

with retinal pigment-epithelium hypertrophy, and 8% with 

hemangiomas.20

Despite the broad differentials, data from the practice-

changing Collaborative Ocular Melanoma Study (COMS) 

found a clinical misdiagnosis rate of only 0.48%, suggesting 

that the majority of intraocular tumors can be diagnosed on 

the basis of clinical examination alone.21 COMS, however, 

had strict inclusion and exclusion criteria, and subsequent 

studies have estimated a need for diagnostic fine-needle 

aspiration biopsy ranging from 1% to 9% of cases.22,23 Spe-

cialized ocular imaging, including ultrasound and fluorescein 

angiography, are often performed for further characteriza-

tion. Fine-needle aspiration biopsy is becoming used more 

routinely at the time of diagnosis, due to advancements in 

the use of cytogenetic analysis and gene-expression profiling 

for prognostication.24

Prognosis
Despite excellent rates of local disease control with sur-

gery or radiotherapy, up to 50% of patients will ultimately 

develop metastatic disease, with the most common initial 

sites being the liver (60.5%), the lung (24.4%), skin/soft 

tissue (10.9%), and bone (8.4%).25 The overall rate of survival 

from initial diagnosis is 69% at 5 years, 55% at 15 years, 

and 51% at 25 years; however, following the development of 

Table 1 Differential diagnosis of uveal melanoma by location

Iris lesion Posterior lesion

•	 Primary iris cyst •	 Choroidal nevus

•	 iris nevus •	 Disciform degeneration
•	 essential iris atrophy •	 Peripheral disciform degeneration
•	 Foreign body
•	 Peripheral anterior synechia
•	 Secondary metastasis

•	 Retinal pigment epithelium 
hypertrophy

•	 Hemangioma
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metastatic disease, median overall survival is approximately 

13.4 months, with only 8% surviving 2 years.26–28

Various predictors of metastatic disease and survival 

have been studied, including clinical staging systems, 

gene-cytogenetic findings, and gene-expression panels. The 

American Joint Committee on Cancer (AJCC) UM T1–T4 

staging system is based on tumor characteristics of base 

diameter, thickness, ciliary body involvement, and distance 

of extraocular extension. Survival decreases rapidly with 

increasing stage. Estimates of death at 5, 10, and 20 years are 

4%, 8%, and 11% for T1, 8%, 13%, and 24% for T2, 19%, 

27%, and 36% for T3, and 30%, 43%, and 51% for T4 lesions, 

respectively.29 When compared with AJCC stage I disease, 

the rate of metastasis/death is three times greater for stage II 

and nine to ten times greater for stage III disease.30

Recurrent cytogenetic alterations have provided an 

additional prognostic method. The most commonly studied 

abnormalities are the presence of 8q rearrangements and 

chromosome 3 loss, both of which are associated with a 

worse prognosis. Copy-number alterations in 8q are identified 

in up to 79% of UM. Those with a normal 8q copy number 

have 93% 5-year survival, while those with one copy gain 

have 67% 5-year survival and amplification of more than one 

copy have 29% 5-year survival.31 Monosomy 3 is present 

in 65% of UM and associated with 5-year survival of 37%, 

while those with no chromosome 3 alterations have 5-year 

survival of 90%. Monosomy 3 is often present concurrently 

with 8q rearrangements, with the combination associated 

with a particularly poor prognosis.31 Additional cytogenetic 

alterations associated with greater risk of development of 

distant recurrence include 8p loss, 6q loss, and 1p loss.32 

Cytogenetic testing is commercially available from such 

companies as Impact Genetics.

Gene-expression profiling is emerging as a novel prog-

nostic method that predicts metastatic risk with greater 

accuracy than tumor size or thickness.33 A commercially 

available gene-expression panel from Castle Biosciences 

utilizes a 15-gene assay to separate UM into two classes, 

with class 1 UM having low metastatic potential and class 2 

UM having high metastatic potential. Onken et al initially 

validated this assay in primary posterior UM, where class 1 

disease had a metastatic rate of 1% and class 2 25.9%.33 

Recently, PRAME has been reported to be an independent 

biomarker for UM, and when combined with a 12-gene 

expression panel, PRAME messenger-RNA expression pre-

dicted a 5-year metastatic rate of 0 in class 1/PRAME-, 38% 

in class 1/PRAME+, and 71% in class 2.34 Further evaluation 

of the role of PRAME expression in UM is ongoing.

Pathophysiology
Unlike cutaneous melanoma, UM is genetically characterized 

by a small number of alterations; however, several of these 

alterations have been well characterized and been found to 

alter intracellular signaling, surface-receptor expression, 

and ligand production. While cutaneous melanomas are 

driven by MAPK activation through mutations in BRAF 

(~50% of cases), NRAS (10%–25% of cases), or loss of 

function in NF1 (14% of cases), UM rarely harbors such 

alterations and rather is characterized by point mutations in 

the G-protein α-subunit.35 GNAQ and GNA11 are genes that 

code for the α-subunit of G proteins that act in conjunction 

with G-protein-coupled receptors. G protein and G-protein-

coupled receptor-signal transduction takes place through the 

conversion of GDP to GTP, which activates the G protein and 

signals via downstream effector proteins. In order for the G 

protein to return to its inactive state, GTP must be hydrolyzed 

to GDP. It has been demonstrated that glutamine at the 209 

position is required for GTPase activity, and mutations that 

disrupt this activity cause a constitutively active GTP-bound 

state. This is similar in mechanism to the better-known RAS 

oncogenes that code for monomeric G proteins, which are 

commonly constitutively or inappropriately activated in 

many malignancies.36

Van Raamsdonk et al characterized a mutually exclusive 

mutation pattern affecting GNAQ/GNA11 in 83% of UM 

samples.37,38 Further analyses have shown GNAQ/GNA11-

mutation rates as high as 96% in metastatic UM samples.38–40 

Just as there are ethnic variations in UM incidence, there may 

also be ethnic differences in mutational landscape. Xu et al 

found a much lower GNAQ/GNA11-mutation burden of 38% 

in a small Chinese UM population sample.41 Recently, addi-

tional mutations that are mutually exclusive to GNAQ/GNA11 

but work along similar pathways have been identified. 

PLCB4 is a downstream effector of GNAQ/GNA11 that has 

been found to be mutated in three of 28 UM samples without 

GNAQ/GNA11 mutations.42 Furthermore, recurrent activating 

mutations in the G-protein-coupled receptor CYSLTR2 have 

been found in UM without GNAQ/GNA11 or PCLB4 muta-

tions.43 These less frequent mutations reaffirm the importance 

of the Gα-signaling pathway in this disease.

The effects of constitutively active Gα include activa-

tion of the MAPK, PI3K–Akt–mTOR, and Hippo pathways 

(Figure 1).44 The MAPK pathway contributes to the regulation 

of cell proliferation and apoptosis. Mutant GNAQ/GNA11 

activates phospholipase C, which cleaves phosphatidylinosi-

tol bisphosphate into inositol trisphosphate and diacylglycerol 

that subsequently activates PKC.45,46 PKC begins a cascade 
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of phosphorylation of Raf, MEK1/2, and ERK, which 

translocates to the nucleus to regulate cell proliferation and 

survival.47,48 The PI3K–Akt–mTOR pathway is a key pathway 

for growth and homeostasis, and may act as a parallel-growth 

pathway to MAPK in UM. The PI3–Akt–mTOR pathway is 

upregulated in UM, but does not appear to drive growth on its 

own.49 Inhibition of PI3K in isolation has little effect on cell 

proliferation; however, upregulation of this pathway has been 

demonstrated with MEK inhibition.50 Enhanced cell-growth 

inhibition and apoptosis have been observed when combined 

MEK and PI3–mTOR inhibition has been studied.51,52 The 

Hippo pathway acts through the proteins YAP and TAZ to 

activate the transcription factors TEAD and SMAD.53,54 Like 

the MAPK pathway, it is a regulator of cell proliferation and 

apoptosis. Traditionally, Hippo signals through the kinases 

MST1/2 and Lats1/2 to phosphorylate YAP.55 Alternatively, 

GNAQ/GNA11 mutations have been shown to increase 

YAP and TAZ activation through an alternative pathway 

utilizing Trio, a guanine nucleotide-exchange factor, and 

the downstream GTPases Rho and Rac.56 These multiple 

pathways provide an array of targets that are being studied 

for therapeutic intervention. The various parallel pathways 

suggest a role for combination therapy, with clinical studies 

under way for metastatic disease.

Whereas the Gα pathway creates a cascade that leads to 

altered gene expression, several genes whose products are 

directly involved in transcription and translation are affected 

in UM. The best-described are BAP1, SF3B1, and EIF1AX. 

κ

α α

Figure 1 Signaling pathways in uveal melanoma.
Abbreviations: PiP2, phosphatidylinositol 4,5-bisphosphate; PiP3, phosphatidylinositol (3,4,5)-trisphosphate; Gα, G-protein alpha subunit; GDP, guanosine diphosphate; 
GPCR, g-protein coupled receptor; GTP, guanosine triphosphate; P, phosphate; RTK, Receptor tyrosine kinase.
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BAP1 is a nuclear deubiquitinase located on chromosome 3p. 

It functions as a tumor suppressor, and has an important role 

in transcription and the DNA-damage response. BAP1 has 

inactivating mutations in approximately 47% of primary UMs 

and 84% of metastatic UMs, consistent with the association 

of BAP1 mutations with inferior outcomes.12 SF3B1 encodes 

for splicing factor 3B subunit 1, which is involved in pre-

messenger RNA splicing. SF3B1 alterations are associated 

with more favorable prognostic features, including younger 

age at diagnosis, fewer undifferentiated epithelioid cells, and 

disomy 3, as well as an inverse correlation with BAP1 muta-

tions; however, SF3B1 mutations appear to be associated 

with the development of delayed metastasis, with a median 

of 8.2 years.57,58 EIF1AX encodes for eukaryotic translation 

initiation-factor 1A, X-linked, which stimulates transfer of Met 

RNA to the small ribosomal subunit. As with SF3B1, EIF1AX 

mutations are associated with disomy 3, but are less frequently 

associated with metastases.59 Of note, given the mutual exclu-

sivity from BAP1 and SF3B1, it is not clear if the presence of 

EIF1AX mutations is protective or whether the association is 

due to a lack of negative effects of the other mutations.57

In addition to the genetic alterations described above, 

epigenetic factors, including DNA methylation, histone 

modification, and alterations in noncoding RNA, are increas-

ingly felt to play a role in the development of UM. DNA 

methylation and histone deacetylation inactivate genes by 

inhibiting their transcription. Tumor suppressors, such as 

RASSF1A, and other molecules, such as the adhesion protein 

E-cadherin, are hypermethylated in 50%–70% of UM, corre-

late with metastatic disease, and may provide potential novel 

therapeutic strategies.60,61 Preclinical tumor models using 

the approved DNA methyltransferase inhibitor 5-aza-dC 

have restored E-cadherin transcription and reduced growth 

and invasiveness of UM cells.62,63 MicroRNAs (miRNAs) 

inhibit translation of complementary coding RNA and may 

act intracellularly, or when packaged in exosomes are capable 

of traveling in blood and modifying activity of distant cells.64 

miR-124, miR-137, and miR-34b/c act as tumor suppres-

sors by inhibiting oncogenes and are downregulated in UM, 

whereas many miRNAs, like miR-20a, -25b, -146a, and 199a, 

are overexpressed and may promote metastatic progression, 

in these examples likely through immunosuppression.65–68 

Interestingly, the expression of miRNAs themselves may 

be epigenetically modified.

Management of primary uveal 
melanoma
The management of localized UM can be divided into 

globe-preserving therapy or enucleation. Globe-preserving 

therapies can broadly be classified into radiation, surgical, 

and laser therapy. The majority of primary UM lesions in 

the US are treated with plaque brachytherapy based upon 

results of the COMS trial, which randomized patients with 

medium-sized choroidal melanomas to primary therapy 

with 125I brachytherapy versus enucleation. No difference 

was observed in mortality between the two groups at up to 

15 years of follow-up.69

Radiation therapy
Radiation therapy modalities include brachytherapy, photon-

based external-beam radiation, and charged-particle radia-

tion. These modalities have demonstrated excellent local 

control and globe preservation; however, long-term vision 

loss is common. Brachytherapy involves securing a radioac-

tive plaque to the episclera to deliver a fixed dose of focal 

radiation to a tumor. The most common radioisotopes used 

are 125I and 106Ru. 125I emits γ-radiation, which penetrates 

more deeply into tissues than the β-emitting 106Ru (,6 mm 

tumor thickness).3,70 The American Brachytherapy Society 

recommends against brachytherapy in patients with tumors 

with extraocular extension, large basal diameters, blind 

painful eyes, and those with no light-perception vision.71 

Local recurrence rates are 7%–10% for 125I, 14.7% for 
106Ru, and 3.3% with 103Pd.69,70,72,73 Although associated 

with good local control, brachytherapy is associated with 

complications, including radiation-induced retinopathy 

(45%–67%), cataracts (44%), neovascular glaucoma 

(28.3%), and macular edema (24.5%).74,75 These complica-

tions lead to moderate vision loss in 58% of patients and 

poor visual acuity (best corrected worse than 5/200) in 28% 

within 2 years. Outcomes may be improved with the use of 

intravitreal bevacizumab, with 33% experiencing moder-

ate vision loss and 15% developing poor visual acuity.76 

Regular ophthalmologic exams for years are required to 

monitor complications.

Charged-particle radiotherapy may be used to treat 

medium-to-large tumors, including those that may not be 

good candidates for brachytherapy. A randomized con-

trolled trial of helium-ion therapy versus brachytherapy 

for ciliochoroidal melanomas of thickness #11 mm and 

diameter #15 mm demonstrated improved local control, eye 

preservation, and disease-free survival for charged-particle 

therapy. Local control rates were 100% versus 84% at 5 years 

and 98% versus 79% at 12 years in favor of charged-particle 

therapy. Enucleation rates were 11% versus 22% at 5 years 

and 17% versus 37% at 12 years. Notably, this study was 

conducted at a single center, and may not be generalizable 

to the general population.77
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Studies of proton-beam therapy have also shown 

optimistic results. A recent retrospective cohort study of 

patients with T3–T4 choroidal melanomas treated with 

proton-beam therapy demonstrated a 5-year local control 

rate of 94%, enucleation rate of 19.5%, and preservation of 

visual acuity $20/200 of 20%.78 A case series of tumors of 

all stages found primary proton-beam therapy to achieve a 

96.4% local control rate and 95% eye-retention rate with 

median follow-up of 5 years.79

Surgery
Enucleation is the most common surgery performed for 

UM, and is appropriate for patients with vision loss, exten-

sive extraocular growth, circumferential tumor invasion, 

and large tumor diameter.75 Preenucleation external-beam 

radiation therapy has been studied, without additional benefit 

observed, and thus is not recommended.80 Interestingly, the 

COMS quality-of-life report found that patients undergoing 

enucleation were less likely to have anxiety than patients 

treated with brachytherapy.81

Alternative surgical modalities include transretinal 

endoresection and transscleral resection. These procedures 

are site- and surgeon-dependent, with the majority of data 

coming from single-institution case series. Transscleral resec-

tion may be attempted in patients with large tumors who are 

not candidates for radiation therapy who seek eye-retaining 

treatment. The benefit of transscleral resection is improved 

vision preservation; however, this is a complex procedure 

with associated complications. Complications include retinal 

detachment (21%), ocular hypertension (21%), submacular 

hemorrhage (16%) and high rates of repeat vitreoretinal 

surgery (44%–70%). Hypotensive anesthesia may be used 

to minimize bleeding, but poses additional risks.74,75,82

Recurrence rates are higher with transscleral resection 

when compared to either enucleation or brachytherapy. In 

a retrospective review comparing transscleral resection to 
125I brachytherapy for patients with tumor height .7.5 mm, 

61.1% versus 5.6% maintained visual acuity .20/200, 

without significant difference in rates of metastasis. In this 

study, the majority of patients in the transscleral resection 

group received adjuvant 106Ru plaque therapy.75 A matched 

case-control study evaluating transscleral resection versus 

iodine brachytherapy found similar results, with improved 

vision preservation after transscleral resection but higher 

local recurrence in the transscleral group. Importantly, no 

difference in 8-year all-cause mortality, melanoma specific 

mortality, or quality of life was observed.83 The series of 

transscleral resections of large UM with longest follow-up 

comes from Innsbruck Medical University, where 5- and 

10-year local tumor recurrence was 24% and 32%, respec-

tively. Five- and 10-year metastatic rates of 28% and 44% 

were observed. In this study, lack of ruthenium adjuvant 

therapy carried a 4.4-fold greater risk of recurrence.84 The 

concern for local recurrence in transscleral resection was 

again seen when studying ciliochoroidal melanomas with 

large height, where the recurrence rate was 41% at 5 years 

with resection compared to 7% with brachytherapy.72

Neoadjuvant therapies have been utilized prior to 

transscleral resection in an effort to improve local control. 

Although mean follow-up was only 3.2 years, a case series 

of neoadjuvant proton-beam irradiation followed by resection 

demonstrated improved local recurrence rates, with no effect 

upon metastasis, when compared to historical controls.82 

Of note, 70% underwent vitreoretinal surgery secondary to 

complications of tumor resection. Estimated risk of local 

recurrence was 4.2% and 10.4% at 3 and 5 years, respectively, 

with risk of metastasis 28.4% and 40.3%, respectively.

Laser therapy
Photodynamic laser photocoagulation and transpupillary 

thermal therapy (TTT) are modalities that direct focused 

energy to destroy tumor vascular supplies and reduce local 

recurrences by injecting and activating light-sensitive com-

pounds and free radicals. TTT has shown some efficacy in 

treatment of residual choroidal melanomas and as adjuvant 

therapy after brachytherapy, when plaque tilt may have 

limited radiation delivery.85–87 TTT has been effective as 

primary therapy in up to 80% of cases of small or indetermi-

nate lesions with few risk factors.88,89 A study of ruthenium 

brachytherapy with or without TTT demonstrated higher rates 

of tumor regression, globe preservation, and recurrence-free 

survival with adjuvant TTT.90 In contrast, Tarmann et al 

found that brachytherapy with TTT did not improve tumor 

control, but contributed to worse visual outcomes.70

Novel therapies for primary disease
Although current treatment modalities for primary disease 

achieve frequent local control, complications, including 

vision loss, are common, and novel approaches are 

much needed. Several novel approaches are currently in 

development.

ICON-1 is a structural variant of human factor VII being 

developed by Iconic Therapeutics. Factor VII is the natural 

ligand of tissue factor, which is commonly overexpressed 

and upregulated in UM and contributes to tumor growth, 

thrombosis, angiogenesis, and metastasis.91 ICON-1 binds to 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Ophthalmology 2017:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

285

Uveal melanoma: epidemiology, etiology, and treatment

cells overexpressing tissue factor, initiating a signal cascade 

targeting immune cells to pathological tissue while leav-

ing normal tissue intact. A Phase I study is ongoing to test 

safety and tolerability of intravitreal ICON-1 at three dosing 

regimens in patients with primary UM planning to undergo 

enucleation (NCT02771340).

Another tumor-targeted approach to treating UM is being 

developed by Aura Biosciences. Their lead drug, AU-011, con-

sists of virus-like particles that selectively bind cancer cells, 

conjugated to infrared-activated molecules that destroy tumor 

membranes upon activation with an ophthalmic laser. Pre-

clinical studies demonstrated human papillomavirus-modeled 

virus-like particles bind to heparin sulfate proteoglycans on 

disrupted epithelium, but do not bind to intact epithelium. 

Papillomavirus capsids bind various tumor-derived cell 

lines in vitro and in vivo in orthotopic models for ovarian 

and lung cancers, and complete tumor eradication was found 

histopathologically.92 AU-011 has been granted an “orphan” 

drug designation by the US Food and Drug Administration, 

and clinical trials are to begin in 2016.93

Adjuvant therapy
Despite aggressive management of localized disease, many 

ultimately develop metastasis. Indeed, circulating UM cells 

have been detected at diagnosis in patients with no clinically 

detectable lesions.94 While systemic adjuvant therapy has the 

potential to prevent metastases, no adjuvant therapy has been 

demonstrated to improve outcomes.

Adjuvant chemotherapy trials were initially investigated 

based on success in cutaneous melanoma. The first random-

ized controlled study of a systemic adjuvant therapy for UM 

evaluated dacarbazine, an intravenous alkylating agent, 

which despite its impact in melanoma demonstrated no sur-

vival advantage.95 Similarly, two nonrandomized studies of 

adjuvant interferon, which continues to be a recommended 

adjuvant in stage III cutaneous melanoma, found no impact 

on survival either.96–98 A study evaluating both agents in 

combination in the adjuvant setting has completed accrual, 

with final data anticipated in early 2017.

Fotemustine, an alkylating agent with high hepatic uptake 

and a short half-life, was initially studied by intra-arterial 

delivery for hepatic lesions, with good response.99 It has 

since been studied in UM patients with high risk of metas-

tases by intra-arterial hepatic delivery as adjuvant therapy, 

with a suggestion of survival benefit but not statistical sig-

nificance.100 Subsequently, intravenous fotemustine versus 

intra-arterial hepatic delivery for isolated liver metastases 

showed no difference in overall survival, but intra-arterial 

delivery increased progression-free survival and response 

rate.101 These studies led to the development of a randomized 

Phase III trial of adjuvant intravenous fotemustine versus 

observation in high-risk patients.

Various novel therapies are being investigated in UM. 

Both c-Met and c-Kit are tyrosine-kinase receptors that are 

highly expressed in UM and activate the MAPK and PI3–Akt 

pathways.102–104 Crizotinib is an inhibitor of c-Met, ALK, 

and ROS1, and has been shown to inhibit phosphorylation 

of c-Met but not ALK or ROS1 in UM. Using a mouse 

model of UM, Surriga et al demonstrated inhibition of the 

establishment of metastases with crizotinib administration.105 

Crizotinib is currently being studied for UM in the adjuvant 

setting (NCT02223819).

In a retrospective study of sunitinib, a multitargeted 

tyrosine-kinase inhibitor that inhibits c-Kit, VEGF recep-

tors, and other targets, patients deemed at high risk of 

metastasis based on cytogenetics and tumor size received 

6 months of therapy. The estimated 5-year survival in the 

sunitinib group was 91% vs 61% in matched controls.106 

Sunitinib is now being investigated as adjuvant therapy 

for high-risk tumors in a Phase II trial versus the histone 

deacetylase inhibitor valproic acid (NCT02068586). The 

rationale for histone deacetylase inhibition stems from 

histone-acetylation regulation of DNA expression. Histone 

deacetylase inhibitors, including valproic acid, promote cell 

differentiation and induce transition from a class 2 to class 1 

gene-expression profile in cultured UM cells.107 Table 2 lists 

these and other trials evaluating various systemic therapies 

in the adjuvant setting.

Posttreatment follow-up
There is no consensus as to what radiological or serum sur-

veillance tests, if any, are appropriate after management of 

local disease.108,109 Various surveillance imaging modalities 

have been used, including chest X-ray, abdominal ultrasound, 

magnetic resonance imaging, computed tomography, and flu-

deoxyglucose positron-emission tomography imaging.110,111 

Compared to liver function tests alone, biannual magnetic 

resonance imaging has greater predictive value for metas-

tasis detection and may be a more effective, radiation-free 

alternative to other imaging modalities, as it also detects 

small lesions that may be missed on ultrasonography, 

computed tomography, and positron-emission tomography 

imaging.112–115 In the absence of data, consideration of routine 

imaging, including imaging of the liver, and examination at 

intervals between 3 and 12 months based upon predicted risk 

of recurrence is reasonable in an effort to identify disease 
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when resection of metastases or institution of therapy for 

metastatic disease may be possible.

Metastatic uveal melanoma 
therapies
Unfortunately, up to 50% of patients with UM will develop 

metastatic disease despite primary therapy and active sur-

veillance. A detailed discussion of treatments for metastatic 

UM is beyond the scope of this review, and has recently been 

reviewed by our group; however, it is important to note that 

there is no standard of care for the treatment of metastatic 

disease nor has any therapy been shown to improve overall 

survival.116 Therefore, clinical trial participation is encour-

aged for those who do develop metastatic disease. Some 

areas of ongoing investigation include therapies targeting the 

MAPK and/or PI3K pathway, and epigenetic modification 

with an HDAC inhibitor. While immunotherapy has shown 

durable responses in cutaneous melanoma, its clinical activity 

is limited in UM.117 Ongoing trials of other immune-based 

therapies include investigation of tumor-infiltrating lympho-

cyte therapy, as well as IMCgp100, a novel bispecific immu-

notherapeutic targeting gp100 and the CD3 protein complex 

on T cells. IMCgp100 increases the affinity and activation 

of CD8+ cytotoxic T lymphocytes against tumors expressing 

gp100 peptide.118,119 Results from a Phase I trial in metastatic 

melanoma were presented at the 2016 American Society of 

Clinical Oncology meeting, demonstrating a favorable safety 

profile and tumor shrinkage in patients with UM.120 A Phase 

I study of IMCgp100 in metastatic UM is currently recruiting 

(NCT02570308).

Conclusion and future directions
UM is the most common intraocular malignancy, and despite 

excellent local control with available therapies, little progress 

has been made to alter the disease course. Radiation therapy 

and enucleation have been the mainstays of therapy for 

decades, with little to no efficacy demonstrated from tradi-

tional chemotherapy in the primary, adjuvant, or metastatic 

setting. The future of UM treatment is evolving rapidly. 

Novel therapeutic strategies are emerging for the manage-

ment of primary UM, such as the targeting of tissue factor 

and heparin sulfate proteoglycans, which have led to the 

initiation of early phase trials. In the adjuvant and metastatic 

settings, an improved understanding of UM pathophysiology 

has led to the study of new therapies that target the dysregu-

lated pathways, as well as the immunological response to 

this disease, and will hopefully lead to improved outcomes; 

however, further work is needed. As our understanding of 

oncogene addiction evolves, combination regimens that 

prevent feedback escape will be further investigated and 

new therapeutics that target driving genetic events devel-

oped. Agents that modify gene expression and epigenetics, 

like HDAC and DNA methyltransferase inhibitors, will be 

further studied and next-generation immunotherapies that 

not only release inhibition of existing immune responses but 

actively direct our immune system to malignant cells, like 

IMCgp100, will move through development. In order for this 

to happen, extensive study must take place, and continued 

funding of clinical trials and development of novel therapies 

will be critical to improving outcomes for patients with this 

challenging disease.
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