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Abstract

Melanomas of the choroid, ciliary body, and iris of the eye are collectively known as uveal 

melanomas. These cancers represent 5% of all melanoma diagnoses in the U.S., an age-adjusted 

risk of 5 per million. These less frequent melanomas are dissimilar to their more common 

cutaneous melanoma relative, with differing risk factors, primary treatment, anatomical spread, 

molecular changes, and responses to systemic therapy. Once metastatic, therapy options are 

limited, and often extrapolated from cutaneous melanoma therapies despite routine exclusion of 

uveal melanoma from clinical trials. Clinical trials directed at uveal melanoma have been 

completed or are in progress and data from these well-designed investigations will help guide 

future directions in this orphan disease.
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Background and Epidemiology

Uveal melanoma is the most common primary intraocular malignancy. The uveal tract is the 

pigmented layer of the globe encompassing the iris, ciliary body and choroid. The terms 

choroidal or ocular melanoma are alternative terms for this cancer as the majority of the 

uveal tract is choroidal, although the latter term should be avoided as it implies the inclusion 

of conjunctival and adnexal melanomas, which behave and are managed like cutaneous 

rather than uveal primaries. Approximately 1,500 new cases are diagnosed in the U.S. each 

year.1 While the disease has no gender preference it is more common in middle-aged 

Corresponding Author: Sapna Patel, Department of Melanoma Medical Oncology, 1515 Holcombe Blvd Unit 0430, Houston, TX 
77030, sppatel@mdanderson.org. 

Financial Disclosures: The authors have no relevant financial disclosures.

Conflict of Interest: BE and SW are scientific committee members for the Uveal Melanoma TCGA. SP received research funding to 
conduct clinical trials and perform translational research in uveal melanoma. All other authors endorse no conflict of interest with the 
subject of this manuscript.

HHS Public Access
Author manuscript
Cancer. Author manuscript; available in PMC 2017 August 23.

Published in final edited form as:
Cancer. 2016 August 01; 122(15): 2299–2312. doi:10.1002/cncr.29727.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Caucasians with a median age of presentation of 58 years. Risk factors include presence of a 

choroidal nevus, which can be seen in up to 7–8% of the Caucasian population. Certain skin 

conditions such as dysplastic nevus syndrome and nevus of Ota are also associated with 

uveal melanoma.2 Exposure to ultraviolet radiation has been theorized by some to increase 

the risk of neoplasia, but this has not definitively been proven. While certain somatic 

mutations are associated with neoplastic growth and distant metastasis (see below) the 

malignancy is not inherited in a traditional genetic fashion although individuals with 

germline BAP1 mutations are thought to be at higher risk for uveal and cutaneous melanoma 

as well as mesothelioma and renal cancers.3

Clinical Presentation

Most patients present with painless loss or distortion of vision (metamorphopsia). Not 

infrequently, larger tumors will be associated with a serous (fluid) retinal detachment 

causing flashing or flickering of light (photopsia).4 In some cases, the patient will be entirely 

asymptomatic, with the tumor identified on routine ophthalmic screening. When uveal 

melanoma affects the anterior segment of the eye, patients may notice discoloration of the 

iris or persistent injection of the episclera; chronic conjunctivitis may also be a referring 

diagnosis. Ciliary body tumors can cause increased and asymmetric astigmatism due to 

displacement of the intraocular lens. Rarely, a blind eye or one with a dense cataract may 

harbor an occult melanoma.5

Patients with suspicious pigmented lesions should be assessed by an ophthalmologist with 

clinical expertise in ocular tumors. Diagnostically small melanomas need to be differentiated 

from benign nevi. The clinical appearance and ophthalmoscopic features assist with this 

differential. The presence of subretinal fluid, orange pigment and documented growth on 

fundus photography are findings that support the diagnosis of melanoma.6 Drusen and 

pigment epithelial changes are more suggestive of a benign lesion.

Fluorescein angiography can demonstrate an intrinsic secondary vasculature of the choroid; 

however ocular echography is the single most effective diagnostic tool available to the 

clinician. Melanomas tend to show low internal reflectivity as well as an intrinsic acoustic 

quiet zone on ultrasound. Most are dome shaped, but a collar stud or ‘mushroom’ 

configuration is highly suggestive of melanoma.7 The shape occurs following a break in 

Bruch’s membrane, a structure of the retina. The larger the apical and basal dimensions, the 

greater the likelihood that the lesion is neoplastic. Some reports suggest a correlation 

between increased tumor thickness and risk of distant metastasis. Most experts agree that a 

lesion greater than 3 mm in apical height is likely a melanoma.

Rarely is a clinical biopsy necessary to confirm the diagnosis. The Collaborative Ocular 

Melanoma Study (COMS) had a greater than 99% diagnostic accuracy for eyes enucleated 

with typical features.8 In some instances, a diagnostic biopsy may be indicated, particularly 

when the lesion is amelanotic or difficult to assess due to vitreous hemorrhage or debris. 

Fine needle aspiration can be performed but requires the assistance of a skilled cytologist 

familiar with ocular pathology.9 Diagnostic biopsy must be distinguished from prognostic 
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biopsy (where the tumor is assessed for genetics and risk of future metastasis). The utility of 

a prognostic biopsy for risk stratification is described here, subsequently.

Primary treatment

Prior to ocular therapy, a systemic work up should be performed to demonstrate lack of 

distant metastasis (see section below on surveillance); once confirmed to be limited to the 

eye, local ophthalmic therapy can be focused on the primary neoplasm. Distant metastasis is 

rare at the time of initial ocular presentation, occurring less than 5% of the time. If distant 

disease is present, local therapy for the eye may be deferred in favor of systemic treatment, 

although this is dependent upon symptomatology of the patient with regards to the eye. It 

cannot be emphasized enough that the management of uveal melanoma is highly 

individualized; what follows are general guidelines and principles used by leading ocular 

oncologists in North America and Western Europe.

1. Close serial observation. In most instances, this approach is best considered in 

patients with ocular lesions with indeterminate findings not typical for 

melanoma. Often the ophthalmologist will monitor for definitive features such as 

rapid growth or development of subretinal fluid. In very rare instances 

observation may be the preferred approach when the patient is too frail for 

surgical intervention to either enucleate or place a radionuclide plaque.

2. Laser therapy. Diode laser therapy also referred to as transpupillary 

thermotherapy (TTT), is well-tolerated but of limited value due to local relapse 

rates as high as 20 %.10 Rate of tumor control with laser therapy varies inversely 

with tumor size. Therefore, it is best considered for small tumors (< 3mm in 

thickness), arising at a distance from the macula and optic nerve. More 

commonly, this modality is used in an adjuvant setting following radiation (see 

below).

3. Radiation therapy. Focal radiation therapy is the most common globe salvaging 

approach used by ocular oncologists. The Collaborative Ocular Melanoma Study 

(COMS) medium size trial randomized patients with tumors 2.5 mm – 10.0 mm 

in apical height between primary brachytherapy (with Iodine-125 plaques) and 

enucleation. It found no statistically significant difference in melanoma-related 

mortality between the two cohorts.11 Since then, ocular brachytherapy has 

emerged as the most common globe-sparing modality for tumors within these 

parameters. Melanomas with apical height greater than 10.0 mm can be also be 

treated with this approach but are more likely to succumb to severe radiation 

retinopathy and visual loss. In the U.S., Iodine-125 is the most commonly used 

isotope. Other radioisotopes are also used, with Ruthenium-106, a preferred 

source in many European centers.12 Where available, charged particle radiation, 

proton-beam, is an alternative to brachytherapy. Most clinicians agree both 

modalities have high rates of local tumor control reported as high as 98 % in 

some series.13

4. Surgery. Enucleation, removal of the globe, remains a reasonable option for very 

large tumors and in cases where radiotherapy is likely to be complicated by 
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severe ocular and visual complications. Placement of an orbital implant at the 

time of surgery generally results in excellent cosmesis. Uvectomy, selective 

excision of the tumor with retention of the globe, is best limited to small anterior 

tumors of the eye such as iris melanomas. Patients who undergo selective 

choroidal resection of their melanomas may benefit from adjuvant plaque 

radiotherapy to reduce the risk of ocular recurrence.14 Surgery affords the most 

detailed histopathologic assessment and can confirm microscopic extraocular 

extension. Epithelioid cell type and presence of microvascular loops are 

associated with a worse prognosis.15 Exenteration, surgical removal of the globe 

and adjacent orbital contents, is rarely indicated. It is limited to extreme cases of 

massive orbital involvement and palliative care.

Survival and risk of distant relapse in patients with uveal melanoma are thought to be 

independent of the method selected for management of the primary tumor. Some authorities 

have suggested micrometastatic disease precedes local therapy. However since metastatic 

risk correlates with the size of the primary some ocular oncologists now take a more 

aggressive local approach to the management of smaller primary and indeterminate tumors.

Genetic prognostic testing

The clinical behavior of uveal melanomas can be segregated into two main groups: a) those 

that are diagnosed and confined locally to the eye, and b) those that metastasize and are 

ultimately fatal from distant disease. Uveal melanomas with chromosome 3 loss confer the 

worst prognosis, while those with 6p gain have the best outcomes.16–19 Karyotyping via 

fluorescence in situ hybridization (FISH) is tissue-and labor-intensive and has a technical 

failure rate as high as 50% with fine needle aspiration sampling.20 By contrast, gene 

expression profiling using an RNA-based assay demonstrates clustering into Class 1 tumors, 

those with low metastatic potential, and Class 2 tumors, those with high metastatic 

potential.21, 22 This test, marketed in the United States as DecisionDx-UM® (Castle 

Biosciences, Friendswood, TX) has a technical failure rate of only 3% and requires much 

less tissue than FISH. Another uveal melanoma prognostic test from Impact Genetics 

(Ontario, Canada) assays copy numbers of chromosomes 1p, 3, 6, and 8, along with 

microsatellite analysis of chromosome 3 and confirmation of GNAQ or GNA11 gene 

mutation status. This DNA-based test also has a low technical failure rate, but comes with at 

least a 10% inconclusive rate meaning the report cannot confirm that tumor rather than non-

tumor stroma was analyzed if the molecular analysis is negative for GNAQ and GNA11. 

There are insufficient data regarding the optimal assay for tumors that recur locally 

following radiotherapy. Outside the United States, multiplex ligand-dependent probe 

amplification which detects 31 loci across chromosomes 1p, 3, 6, and 8 is a commonly used 

stand-alone test that predicts high-risk and low-risk tumors and is most efficiently tested on 

fresh or snap-frozen tissue.23 Regardless of the technique used, the modern era of prognostic 

genetic testing is superior to histopathologic criteria such as tumor size, cell type, and tumor 

location and provides uveal melanoma patients with more powerful information moving 

forward.
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Surveillance

The initial work up of a patient with uveal melanoma involves imaging of the abdomen 

given the propensity of this tumor to spread to the liver, although initial presentation with 

metastatic disease is rare. Since melanoma is 18FDG-avid, staging with fused PET/CT 

imaging is common, although very small lesions in the liver may be missed due to both the 

size-dependent FDG-aviditiy and the background hepatic avidity due to normal 

metabolism. 24 Recent studies have raised the potential risks of radiation exposure 

associated with frequent PET/CT pointing to abdominal MR imaging as a radiation-free 

alternative with increased detection of smaller lesions.25

Triple-phase CT is also highly effective in distinguishing solid hepatic lesions from cystic 

and vascular structures such as hemangiomas. European centers have historically used 

abdominal ultrasonography and liver function tests, but the latter is not sensitive for small or 

few lesions and is rarely used by most North American practitioners.

The benefits, type and frequency of followup surveillance tests are highly debated amongst 

ocular and medical oncologists. No study has documented improved survival with early 

detection of metastatic disease. However, in some tertiary centers, the opportunity for 

enrollment in clinical trials lends itself toward identifying patients with early metastasis and 

minimal tumor burden who generally have a good performance status and preserved organ 

function. In select cases patients, with a single isolated hepatic or pulmonary metastatic 

nodule may be amenable to focal surgical resection.26

Most clinicians agree that if frequent screening is recommended, it is most appropriate for 

patients at high risk of relapse. Those whose primary tumors have a Class 2 gene expression 

profile, monosomy 3 or were greater than 8 mm in apical dimension are in the highest risk 

group. These patients may benefit from a surveillance regimen that includes hepatic imaging 

(CT/MRI) and liver function tests obtained in a three- to six-month interval for the first five 

years followed by six- to twelve-month intervals thereafter. Although surveillance regimens 

vary, some studies suggest LDH and GGT are the most sensitive liver function tests for uveal 

melanoma and are most often elevated with advanced hepatic involvement.27–29

Local and distant metastasis has been reported decades after primary therapy, but in view of 

the lack of evidence for the benefit of any specific surveillance strategy, particularly for late 

relapse, recommendations to these patients and their providers remain uncertain.

Adjuvant Treatment

A few adjuvant studies have been conducted in uveal melanoma in an attempt to prevent 

metastatic disease. However, none of these studies demonstrated meaningful metastasis free 

survival benefit or overall survival (OS) benefit, including a small Phase III using methanol-

extracted residue of Bacille Calmette-Guerin (BCG)30 and 2 single-arm studies of 

interferon-α using matched historical controls.

Adjuvant intra-arterial hepatic infusion of the alkylating agent, fotemustine, was studied in 

an effort to reduce the occurrence of liver metastasis, since the liver is the most common site 
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of and cause of death from uveal melanoma.31 In this study, 22 uveal melanoma patients 

with choroidal involvement, largest basal diameter >20mm, extrascleral extension or tumor 

height >15mm were treated with fotemustine for 6 months. In this small study, adjuvant 

intra-arterial hepatic fotemustine was not shown to improve survival compared to matched 

historical controls.

There are several ongoing clinical trials of adjuvant therapy – none of which are randomized 

- such as ipilimumab, sunitinib, valproic acid and crizotinib for high risk patients in the U.S. 

These agents or classes of cagents have been chosen for study based on molecular 

characteristics of uveal melanoma cells (crizotinib, a met inhibitor, valproic acid or other 

histone deacetylase inhibitors) or expected immunomodulatory or microenvironment effects 

(sunitinib, ipilimumab32) (Table 1).

Treatment of Metastatic Disease

Liver-directed therapy

Since the liver is the first and only site of metastasis in most patients with uveal melanoma, 

and the prognosis of patients with metastatic uveal melanoma is highly dependent on the 

presence of liver metastasis and progression of disease in liver,33–35 liver-directed local 

treatments such as surgical resection, hepatic artery embolization, hepatic arterial infusion of 

chemotherapy and radiofrequency ablation have been utilized in patients with metastatic 

uveal melanoma.

Surgical resection of liver metastasis has demonstrated survival benefit compared with non-

surgical control groups in multiple retrospective studies, but this benefit is limited to those 

with minimal tumor volume that is limited ot the liver who are also fit enough for surgery (in 

a population whose average age at diagnosis is 70), and by these criteria, less than 10% of 

patients with metastatic uveal mleanoma are candidates for liver resection.36–38 The median 

OS of patients undergoing hepatic metastatectomy with curative intent is greater than 12 

months, but local relapse is common, and surgery has not been shown in randomized trials to 

enhance survival over best available systemic therapy.

Direct targeting of the hepatic arterial circulation is an enticing anatomical option for 

patients with liver-predominant disease, as normal liver will receive blood supply from the 

portal system, while metastatic tumor is generally supplied predominantly by the hepatic 

artery.39 Hepatic arterial infusion of fotemustine has been studied in patients with uveal 

melanoma metastatic to the liver in a randomized phase III study that assigned 171 patients 

to receive fotemustine either intravenously (IV) or via hepatic arterial infusion.40 While 

hepatic arterial infusion of fotemustine significantly improved progression free survival 

(PFS) compared to IV administration, (median PFS 4.5 months vs 3.5; hazard ratio [HR] 

0.62; 95% confidence interval [CI] 0.45–0.84, P=0.002), there was no improvement in OS 

(median OS: 14.6 months vs 13.8, P=0.59).

Isolated hepatic perfusion (IHP) is another option but, in contrast to hepatic arterial infusion, 

IHP is a closed circuit perfusion that delivers high doses of chemotherapy to the liver with 

minimized systemic drug exposure. IHP is an invasive and precise operative procedure 
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requiring great skill and a period of extracorporeal circulation and is therefore limited to 

centers of excellence. A simple derivative percutaneous procedure known as percutaneous 

hepatic perfusion (PHP) has been developed. In a phase III trial, 93 patients were 

randomized to either PHP with melphalan or best supportive care, and crossover to PHP was 

allowed for those in the best supportive care arm following hepatic progression.41 There was 

significant improvement of median hepatic PFS (245 days vs 49, P<0.001) and overall 

response rate (34.1% vs 2% P<0.001) compared with best supportive care. However, no 

survival benefit was observed in the study, in which 28 patients randomized to initial best 

supportive care crossed over to PHP.

Chemoembolization which combines hepatic artery embolization with infusion of 

concentrated doses of chemotherapeutic agents including cisplatin and 1,3-bis(2-

cholorethyl)-1-nitrosourea (BCNU), is another commonly used liver-directed therapy for 

metastatic uveal melanoma. Gelatin sponge and non-spherical polyvinyl alcohol particles 

have been widely used as embolic agents for chemoembolization. Since these embolic 

agents have an unpredictable level of arterial occlusion due to their irregular shape and 

heterogeneous calibration, spherical embolic agents and drug-eluting microspheres have 

been developed and increasingly used.42 In a retrospective study of 201 patients with uveal 

melanoma involving the liver, systemic chemotherapy, intra-arterial hepatic chemotherapy 

and chemoembolization were compared.35 While the objective response rate of systemic 

treatment was less than 1%, chemoembolization induced 36% objective response with 

median duration of response 6 months. However, no meaningful survival benefit was 

observed, and one-third of the chemoembolization group received dacarbazine or vinblastine 

intravenously in addition to chemoembolization with cisplatin and polyvinyl alcohol. 

Patients with low tumor burden (<20% liver involvement) benefited the most from 

chemoembolization with significantly improved OS whereas patients with >75% liver 

involvement had poor clinical responses with a high incidence of major complications.43, 44

Immunoembolization with GM-CSF is hypothesized to increase local recruitment and 

maturation of dendritic cells to the tumor bed after ischemic necrosis of tumor by 

embolization. Among 31 evaluable patients treated with immunoembolization in a Phase I 

trial, a 33% response rate was reported.45 However, a subsequent randomized phase II study 

of embolization with GM-CSF failed to show longer survival with the immunomodulator 

than with embolization using normal saline and gelatin sponge.46 In addition, median PFS in 

liver metastasis embolized with GM-CSF was significantly shorter than control (3.7 months 

vs 7.2, P=0.01).

Radioembolization using yttrium-90 (90Y) radiospheres is another liver-directed 

approach. 90Y is small enough to pass deep into tumor vessels (2–4mm tissue penetration of 

radiation) but not through the capillary, thus sparing normal liver surrounding the tumor. 

Two retrospective studies of 90Y showed high response rate of up to 62% (8/13) with median 

OS of 7–10 months.47, 48 Currently, a prospective phase II study of 90Y is ongoing to 

evaluate the clinical activity in well-characterized patients with uveal melanoma metastatic 

to the liver (Table 2).
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Systemic therapy

Chemotherapy—Uveal melanoma is highly resistant to systemic cytotoxic chemotherapy. 

Several clinical trials of single agent or combination chemotherapy have shown 

disappointing results, with objective response rates of less than 1%.49–55 Based on 

promising activity in advanced cutaneous melanoma, biochemotherapy with either 

bleomycin, vincristine, lomustine, dacarbazine, and interferon-α or fotemustine, interferon-

α and interleukin-2 has been studied in 4 phase II trials for patients with metastatic uveal 

melanoma.56–59 Objective response rates were less than 20%, and median OS was only 12 

months with significant pulmonary toxicities, neurotoxicities and myelosuppression. To 

date, there is no clear role for chemotherapy or biochemotherapy in metastatic uveal 

melanoma.

Immunotherapy—In March of 2011, ipilimumab, a human antibody blocking the immune 

checkpoint interaction between CTLA4 and B7.1 on antigen-presenting cells and/or target 

tumor cells, was approved for the treatment of advanced melanoma based on improved OS 

in a large randomized phase III study.60 While ipilimumab has been extensively studied in 

cutaneous melanoma, only limited data for ipilimumab are available in uveal melanoma. In a 

retrospective review of 39 patients with metastatic uveal melanoma who received 

ipilimumab at either 3mg/kg (N=34) or 10mg/kg (N=5),.61 the objective response and 

“disease control rate” (adding patients with stable disease at 12 weeks to objective 

responders) was 2.6% and 46% at week 12, and 2.6% and 28.2% at week 23, respectively. 

The median OS was only 9.6 months. The efficacy of ipilimumab in uveal melanoma was 

also investigated in 3 expanded access programs (EAP).62–64 The range of reported 

responses was 0–5%. Median PFS and OS were up to 3.6 months and 10.3 months, 

respectively. In another EAP, 13 patients with metastatic uveal melanoma received 10mg/kg 

of ipilimumab and no objective responses were observed with median OS of 36 weeks.65 A 

recent phase II study of ipilimumab (3mg/kg) in 45 European patients with metastatic uveal 

melanoma has failed to demonstrate any objective clinical response. In the study, median OS 

and median PFS were only 6.8 months and 2.8 months, respectively with grade 3/4 adverse 

events of 36% (19 patients).66 A similar phase II study in the U.S. using ipilimumab for 

metastatic uveal melanoma has not yet been published (NCT01585194).

The programmed death 1 protein (PD-1) is another important immune checkpoint receptor 

expressed on the surface of T cells. PD-1 has two known ligands, PD-L1 (B7-H1) and PD-

L2 (B7-DC). The ligation of PD-1 and PD-L1 inhibits T cell proliferation and activation and 

induces apoptosis of antigen specific T cells to suppress anti-tumor immunity. Recently, 

pembrolizumab (humanized) and nivolumab (human) IgG4 anti-PD1 monoclonal antibodies, 

were approved by the U.S. FDA for the treatment of metastatic melanoma following 

ipilimumab (and BRAF inhibitor therapy, for patients with BRAF v600-mutant melanoma). 

The efficacy of PD-1 blockade treatment has not yet been reported in metastatic uveal 

melanoma. In a single center EAP, 7 patients with metastatic uveal melanoma received 

2mg/kg of pembrolizumab every 3 weeks.67 Two patients had objective responses (1 

complete response and 1 partial response), and median PFS was 12.2 weeks in the study.
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Currently, several clinical trials of immunotherapy in metastatic uveal melanoma including 

adoptive cell therapy and combination of ipilimumab and nivolumab are under way to find 

effective immunotherapeutic approaches in metastatic uveal melanoma (Table 2). Since there 

are many differences in the tumor-immune microenvironment (nearly always the liver) as 

well as tumor biology (far fewer mutations and different mutational spectrum) of uveal 

melanoma compared with cutaneous (and other, such as mucosal) sites of primary 

melanoma, it is likely that outcomes reported for metastatic cutaneous melanoma will not be 

replicated in uveal melanoma, and that other trial designs will need to be considered.

Targeted therapy—Uveal melanomas are not known to harbor BRAF or NRAS 
mutations. Instead, 80% of uveal melanomas have oncogenic mutations in GNAQ or 

GNA11, which are potential drivers of MAPK activation similar to oncogenic BRAF 
mutations in cutaneous melanoma.68 Therefore, inhibition of MAPK pathway has been 

studied in metastatic uveal melanoma. A recent randomized phase II trial of selumetinib, a 

selective MEK inhibitor, has shown promising clinical outcomes for uveal melanoma.69 In 

the study, 101 patients with metastatic uveal melanoma were randomized to receive either 

selumetinib or temozolomide (or dacarbazine). The median PFS in the selumetinib group 

was 15.9 weeks with median OS of 11.8 months, whereas the chemotherapy group had a 

median PFS and OS of 7 weeks and 9.1 months, respectively (P=0.09 for OS). It was the 

first randomized study to demonstrate improved PFS in metastatic uveal melanoma, 

although OS benefit was not observed. Currently, several MEK inhibitor-based clinical trials 

are underway or completed, including a randomized double blind phase III study called 

SUMIT comparing selumetinib plus dacarbazine to placebo plus dacarbazine (completed, 

results pending) and a randomized phase II study of trametinib (a selective MEK inhibitor) 

with or without an AKT inhibitor (Table 2). These studies will provide insight on the role of 

MEK inhibitors, their molecular targets and other interacting pathways in the treatment of 

metastatic uveal melanoma.

There have been several small phase I and II trials targeting pathways other than 

MAPK,such as gefitinib (an epidermal growth factor inhibitor)70, thalidomide71, 

lenalidomide72 (immunomodulators), bevacizumab (a vascular endothelial growth factor 

(VEGF-blocking antibody)plus interferon-α73, bevacizumab plus temozolomide74, 

aflibercept (a “decoy” receptor binding circulating VEGF)75, carboplatin/paclitaxel/

sorafenib (a multikinase inhibitor)54, imatinib (a KIT inhibitor)76, 77, and sunitinib (a 

multiple receptor tyrosine kinase inhibitor)78. Unfortunately, none of these agents or 

combinations provided meaningful responses in metastatic uveal melanoma. Nevertheless, 

there are several ongoing clinical trials of other targeted therapies in metastatic uveal 

melanoma, including vorinostat and everoliumus (an mTOR inhibitor) plus pasireotide (a 

somatostatin analog) (Table 2).

Cytogenetics of uveal melanoma: Cytogenetic changes in uveal melanoma are nonrandom 

and are characterized by monosomy 3, trisomy 8, deletions in chromosome 1 and structural 

or numerical abnormalities of chromosome 6. Changes in chromosome 9p are less 

frequently observed.
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Chromosomal aberrations: Cytogenetic investigation of uveal melanoma has revealed that 

monosomy 3 is the most frequent karyotypic abnormality, present in approximately 50–60% 

of cases. The pattern of loss of heterozygosity in these tumors indicates the presence of 

deletions around 3p25–26 and on 3q, and a region at 3p11–14 is preferentially deleted.79–81 

Loss of the long arm and gain of the short arm of chromosome 6 are frequently observed 

chromosomal aberrations in uveal melanoma. Loss in chromosome 6 may span the region 

ranging from 6q16.1 to 6q22 while a region of gain from 6pter to 6p21.2 was also 

demonstrated.82 Gain of chromosome arms 18q or 21q was reported in a small number of 

uveal melanomas but the significance of this is not clear.83 The loss of the entire short arm 

of chromosome 1 was only observed in tumors with monosomy 3 and 1p31 was proposed to 

be involved in progression of monosomy 3 uveal melanoma.84 Singh et. al., studied the 

chromosome 3 and 8 aberrations in metastatic liver lesions from ten patients with uveal 

melanoma who underwent needle core biopsy and confirmed the presence of these in the 

metastatic tumors.85

Prognostic value: Monosomy of chromosome 3 and additional copies of 8q correlated with 

reduced survival.79, 80 Also deletions in chromosome 1 concurrent with monosomy 3 were 

shown to be independent predictor of disease free survival.86 The combination of monosomy 

3 with cell type analysis or tumor diameter has been shown to have a greater prognostic 

impact than monosomy 3 alone.87 In a very small number of cases, there may be 

heterogeneity in the chromosome 3 status in a single primary uveal melanoma, an 

observation that should be validated with larger numbers in order to understand how this 

information should be used. 88 Moreover the frequencies of such non-uniform chromosome 

3 alterations, as reported in the published literature, vary from 0 to 48%. Abdel-Rahman 

et.al., in their study of 47 uveal melanomas and median follow-up of 36 months, showed that 

partial chromosome 3 alteration is not associated with the highly aggressive uveal melanoma 

that metastasizes within the first 3 years post treatment.89 Contrary to loss of chromosome 3, 

a gain of chromosome 6p is usually associated with non-metastatic uveal melanoma.90

Detection/Testing: Accurate detection of the chromosome aberrations used to predict the 

risk of metastasis and death from uveal melanoma is important for patient management and 

may also impact follow-up recommendations. Historically, karyotyping and FISH on fresh 

tumor biopsies were used to identify chromosomal changes. Many alternative methods 

including microsatellite analysis, multiple ligation-dependent probe amplification, and, most 

recently, genome-wide single-nucleotide polymorphism array analysis are being tested for 

detecting chromosomal abnormalities in uveal melanoma.91 Microarray analysis can provide 

whole genome data, detecting partial chromosome loss, LOH, or abnormalities not 

detectable by FISH probes. Frozen tissue is conventionally used for microarray analysis. 

Minca et. al. assessed the feasibility of DNA microarray analysis for high resolution 

interrogation of uveal melanoma using formalin-fixed paraffin-embedded tissue as an 

alternative to frozen tissue.92 They conclude that in cases of chromosomal abnormalities 

larger than 1 Mb, formalin fixed samples performed very well, and showed high 

concordance with the matched frozen tissue material. Thus formalin fixed paraffin 

embedded archival tissues could be a feasible source of single nucleotide polymorphism 

analysis and correlates with clinical data.
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Genetic mutations in uveal melanoma: Oncogene and tumor suppressor mutations that are 

common in other cancers are mostly absent in uveal melanoma, a disease characterized by 

low mutation burden. It also differs in genetic mutation profile from conventional cutaneous 

melanoma where BRAF and NRAS mutations dominate. These “driver” mutations that 

control the biology of up to 70% of cutaneous melanomas are absent/rare in uveal 

melanoma. New genomic sequencing technologies have rapidly advanced our understanding 

of the molecular landscape of uveal melanoma. Dono et al. analyzed 50 cases of primary 

uveal melanoma obtained from enucleation for mutations in the genes GNAQ, GNA11, 
BAP1, SF3B1, EIFAX1 and TERT. They analyzed gene expression levels using microarrays 

and gene copy numbers by SNP arrays. They found that 42.2% of uveal melanomas 

harbored mutated GNAQ, 32.6% GNA11, 31.5% BAP1, 9.7% SF3B1, 18.9% EIF1AX and 

1% TERT.93 Of these, GNAQ and GNA11 are usually mutually exclusive but both can co-

exist with BAP1 or SF3B1 mutations.94, 95 Likewise, BAP1 and SF3B1 are mutually 

exclusive as are EIF1AX and SF3B1 mutations, TERT mutations appear to co-exist 

specifically with GNA11 or EIF1AX mutations.93, 96–99

GNAQ/GNA11: The majority of uveal melanomas have one of two mutually exclusive 

activating mutations in the very homologous genes encoding Gα subunits, GNAQ (Gαq) 

and GNA11 (Gα11) (19–21). Interestingly, the GNAQ mutation is more frequently found in 

benign blue nevi, while the GNA11 mutation is frequent in malignant uveal 

melanoma.68, 100 G protein coupled receptors are signal transducers that transmit signals 

from extracellular environment to intracellular. As a result, a G protein mutation can affect 

many physiological processes in a cell and thus play a significant role in oncogenic behavior 

of a cell. Recently Yu et al. and Feng et al. showed that the GNAQ/11 mutations activate 

YAP, a major effector of the Hippo tumor suppressor pathway, and YAP mediates the 

oncogenic properties of GNAQ/GNA11 mutations101, 102.

BAP1: Harbour et al. first described inactivating somatic mutations in BAP1 gene (BRCA1-

associated protein 1), on chromosome 3p21.1 in 26 of 31 (84%) metastasizing tumors. This 

included 15 mutations causing premature protein termination and 5 affecting its ubiquitin 

carboxyl-terminal hydrolase domain. One tumor had a germ line frame-shift mutation 

representing a susceptibility allele. The connection of BAP1 loss to uveal melanoma 

metastasis has been reinforced by multiple independent studies.103, 104 This also raised the 

possibility of targeting deubiquitinating enzymes in uveal melanoma.103 Subsequently, more 

germline mutations of BAP1 have been described in uveal melanoma patients suggesting 

that BAP1 screening can identify people with predisposition to uveal melanoma.105, 106 

These reports of mutation screens in patients with uveal melanoma suggest younger patients 

may harbor a germline BAP1 mutation. For now, there is no consensus amongst genetic 

counseling groups regarding who should be screened and surveillance strategies for a patient 

with germline BAP1 aberrancy. A role for BAP1 protein in regulating cell cycle progression 

has been suggested but the underlying mechanism is not clear. Pan et al. have indicated that 

BAP1 may interact with promoters regulated by E2F1 and affect the cell cycle progression 

genes controlled by E2F.104
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SF3B1: SF3B1 gene encodes the splicing factor 3B subunit 1. Uveal melanoma is among a 

small group of cancers associated with SF3B1 mutations. These mutations define a genetic 

subset of uveal melanoma that have been reported by Harbour et al. to be associated with 

favorable prognostic features and to be nearly always mutually exclusive of BAP1 
mutations.94 SF3B1 mutations are observed in codon 65 and mostly in tumors without loss 

of all or part of chromosome 3. Furney et al. have reported an association of these mutations 

with alternative splicing of transcripts.96 SF3B1 is observed in about 15% of primary uveal 

melanomas and has been reported in the hepatic metastasis of uveal melanoma as well.98

EIF1AX: Using exome sequencing, Martin et al. identified recurrent somatic mutations in 

EIF1AX along with the SF3B1, specifically occurring in uveal melanomas with disomy 3, 

which rarely metastasize. EIF1AX mutations are infrequent in monosomy 3 uveal 

melanomas.93, 97

Advances in uveal melanoma research: Half of the patients with uveal melanoma develop 

metastatic disease and eventually die of melanoma. Research in the uveal melanoma field is 

therefore focused on prognostic factors, detection, and therapeutic approaches for metastatic 

disease.

Prognostic and predictive factors: Classically, the diagnosis of uveal melanoma and 

prognostic prediction was based on the clinical presentation and histopathological 

evaluation. Molecular prognostic testing for genetic mutations, chromosomal abnormalities, 

and gene expression profiling, as discussed above, are becoming more common in uveal 

melanoma and have led to the identification and enrollment of high risk patients in adjuvant 

therapy trials. Microarray approaches, detailed above have been shown to perform better in 

predicting outcome compared to standard clinical or histopathological parameters.82

Translational approaches: Mutation profiling has given us an opportunity for optimal 

attempts at targeted therapy for uveal melanoma patients. GNAQ and GNA11 mutations 

activate pathways that may provide a rationale for the use of a MEK or Akt inhibitor, while 

HDAC inhibitors may be the choice for treating BAP1-mutated uveal melanoma.95 The 

identification of downstream effectors of GNAQ/11 mutations, like the components of the 

Hippo pathway, gives us an alternative to targeting the MAPK pathway, which, to date, has 

been disappointing.107 The lack of a suitable animal model has slowed down translational 

research in uveal melanoma considerably. However, patient-derived xenograft (PDX)-based 

mouse studies with uveal melanoma tumors by Nemati et al. have brought alternative 

approaches of developing targeted therapy in focus.108 They used well-characterized PDX 

from primary uveal melanoma in mice to study the effect of small molecule inhibitors of 

Bcl-2/Bcl-XL on uveal melanoma tumor growth. Primary uveal melanoma has been reported 

to have high expression of the anti-apoptotic protein, Bcl-2.109 Recently, Schiffner et al. 

attempted to develop a transgenic mouse model for uveal melanoma, since spontaneous 

models are not available. They evaluated the Tg(Grm1) that expresses a metabotropic 

glutamate receptor under the transcriptional control of a melanoma-specific dopachrome 

tautomerase, in studying spontaneous development of uveal melanoma. 110 Several attempts 

at building functional animal models to test experimental therapies include a recent zebrafish 
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xenograft embryo model.111 The major aim was to screen large libraries of compounds for 

drug discovery and all uveal melanoma cell lines tested in this model showed proliferation 

and migration, failing to be inhibited by the drugs tested. Surriga et al. tested the efficacy of 

crizotinib, a MET inhibitor, in a mouse model where retroorbital injection of uveal 

melanoma cells resulted in development of melanoma in the eye as well as metastasis in the 

liver and lung.112 Mice treated with crizotinib showed a significant reduction in the 

development of metastasis as compared to untreated control mice. Thus, inhibition of MET 

may prevent uveal melanoma metastasis and crizotinib could represent a potential adjuvant 

therapy strategy for patients with primary uveal melanoma at risk for distant disease.

Improved prognostic and detection techniques in the recent years has not translated into 

improved outcomes for uveal melanoma. The search for effective targeted therapy 

approaches as well as effective immunotherapy for metastatic disease continues.
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