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Uveal melanoma, a malignant proliferation of melanocytes in the uvea, is the 
most common primary tumor of the eye in adults. The purpose of this review is 
to discuss the risk factors, clinical presentation, diagnosis, prognosis, and 
management, while providing information about novel viewpoints and tools for 
diagnosis and treatment of uveal melanoma. Blue-light exposure, BAP1 
polymorphisms, complete monosomy 3, and history of ocular melanocytosis are 
the greatest risk factors for the development of uveal melanoma. Uveal melanoma 
can first present either on routine eye exam or upon presentation with flashes, 
floaters, and visual field defects. Diagnosis of uveal melanoma is made with 
anterior segment ocular coherence tomography or ultrasound biomicroscopy. 
Fine-needle biopsy of the lesion often follows diagnosis, with gene expression 
profiling being the best prognostic indicator for uveal melanoma. The gold 
standard for treatment of uveal melanoma is plaque brachytherapy. Other 
treatment possibilities for uveal melanoma include enucleation, charged-particle 
radiation therapy, transpupillary thermotherapy and photodynamic 
thermotherapy. Uveal melanoma may be fatal if untreated and subsequently 
metastasizes. Hopefully, earlier detection methods including the use of 
circulating tumor cells, circulating tumor DNA, and circulating MicroRNA and 
subsequent treatment using novel targeted therapies like high-intensity focused 
ultrasound, iontophoresis and electrochemotherapy would be crucial to 
improving prognosis in the future. 

Introduction 
Although melanomas of the uvea are considered rare, they are the most 
common primary tumor of the eye in adults. The uvea is the middle layer of 
the wall of the eye, and is comprised of the ciliary body, iris, and choroid, 
with the choroid being the most common location of uveal melanoma (90% 
of cases).1 A melanoma is a malignant proliferation of melanocytes, and is 
the deadliest form of skin cancer, leading to 59,800 deaths globally in 2015.2 

Between 1973 to 2013, there were 4999 cases of uveal melanoma in the United 
States, which is an incidence of 5.2 per million per year.3 Worldwide, there is 
an estimated 7095 cases of uveal melanoma annually.4 Most patients present 
with uveal melanoma between the ages of 50 and 70, and rarely present prior 
to adulthood. There are multiple identified risk factors, including fair skin, 
light colored eyes, congenital ocular melanocytosis, melanocytoma and the 
BAP1-tumor predisposition syndrome.5 These patients may present with 
blurred or distorted vision, visual field loss or photopsia, but they are 
commonly asymptomatic as well and may be identified during routine exams. 
Newer treatments aim to conserve the eye and may incorporate radiotherapy, 
phototherapy, and local excision. Regardless of treatment, nearly 50% of uveal 
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melanoma may metastasize, usually via hematogenous spread.6 The purpose of 
this review is to explore the risk factors, presentation, diagnosis, prognosis, and 
management of uveal melanoma. 

Risk Factors 
Uveal melanoma, like other melanomas, most commonly arise in the 
Caucasian population. This is likely secondary to the protective effect of ocular 
pigmentation in populations from lower latitudes from UV-light induced 
DNA damage to melanocytes. Meta-analyses have shown both fair skin (OR, 
1.8) and light iris color (OR, 1.7) to be significantly associated with the 
development of uveal melanoma.7 Other known risk factors for melanomas, 
such as increasing age, male gender, and sunlight exposure, are also associated 
with an increased risk of uveal melanoma.8 A case control study showed a 
positive association between total time outdoors (OR, 1.6) as well as 
occupation as a farmer (OR, 1.5), and development of choroid and ciliary 
body melanoma.9 Surprisingly, there is not enough evidence to suggest that 
occupational UV light exposure is an independent risk factor for development 
of uveal melanoma, although blue-light exposure (associated with arc-welding) 
has been shown to increase progression of uveal melanoma.10 In addition, the 
presence of both cutaneous and ocular nevi is also associated with this disease 
with relative risks of 4.36 and 4.22, respectively.11 A somatic or germline 
mutation of BAP1, a recently discovered tumor suppressor gene, is also 
associated with the development of uveal melanoma, with 5% of blood samples 
from patients with uveal melanoma showing BAP1 polymorphisms.12 BAP1 
serves as a tumor suppressor via its deubiquitinase activity that regulates target 
genes in cell cycle control, cellular differentiation, and DNA damage repair.13 

Recently, it has been discovered that the deubiquitination of type 3 
inositol-1,4,5-trisphosphate receptor (IP3R3) in the endoplasmic reticulum 
promotes apoptosis by modulating calcium release into the cytosol and 
mitochondria.14 BAP1 has also been associated with other malignancies such 
as mesothelioma, cutaneous melanoma, and renal cell carcinoma, but the 
structural complex of BAP1 has not yet been completely characterized, so the 
impact of various polymorphisms is still not fully understood.15 Another risk 
factor for development of uveal melanoma is presence of a complete or partial 
monosomy 3, the chromosome that encompasses the BAP1 tumor suppressor 
gene.16 The condition that most strongly predisposes to uveal melanoma is 
ocular melanocytosis. Ocular melanocytosis is a benign entrapment of 
melanocytes in the upper third of dermis of the conjunctiva, sclera, and 
ipsilateral face leading to gray-blue hyperpigmentation.17 The exact 
relationship between these two conditions is unclear, yet 1 in 400 Caucasian 
patients with ocular melanocytosis will go on to develop uveal melanoma, 
and those with uveal melanoma are 35 times more likely to have pre-existing 
ocular melanocytosis.18 In addition, those with both ocular melanocytosis and 
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Table 1. Environmental and Genetic Risk Factors for Uveal Melanoma 

Environmental risk factors Environmental risk factors Genetic risk factors Genetic risk factors 

Blue light exposure9 Male8 

Sunlight exposure8 Fair skin/light iris7 

Farming (occupation)9 BAP 1 mutation12 

Monosomy 316 

Ocular melanocytosis18 

uveal melanoma are twice as likely to have metastatic disease after 10 years 
(48% vs. 24%) from their uveal melanoma compared to those without ocular 
melanocytosis.19 

Diagnosis 
About half of all uveal melanoma will often be found on a routine eye exam 
in an asymptomatic patient. The other half will present with visual symptoms 
(flashes, floaters, visual field defects). The diagnosis of a uveal melanoma will 
usually begin with a slit lamp examination for iris melanomas, or with indirect 
ophthalmoscopy for choroidal melanomas. Aside from the pigment itself that 
would be appreciated grossly, the presence of orange pigment and subretinal 
fluid favors a diagnosis of uveal melanoma, whereas drusen and intraretinal 
cystic spaces are signs of a long-standing stable lesion like a benign nevus.20 

Gonioscopy may also be used to assess involvement of the anterior chamber 
angle. 

Subsequently, further imaging is based on the size of the tumor. For small 
tumors (<3mm), Anterior segment ocular coherence tomography (AS-OCT) 
has historically been used due to its ability to provide high resolution to 
anterior and lateral surfaces of the tumor. Recent studies have suggested that 
ultrasound biomicroscopy (UBM) is equivalent to AS-OCT for tumors in the 
anterior margin.22 However, for the posterior margin, UBM is superior to AS-
OCT in diagnosis in that UBM is better for visualizing the tumor margin, has 
less tumor shadowing, and better image quality.22 

Generally, noninvasive imaging (ultrasound, OCT) is sufficient for diagnosis. 
However, roughly 5% of cases require a biopsy since imaging may also have 
an overlap of findings and can be biased by subjective interpretation.23 

Histopathologically, uveal melanoma can be identified and classified based on 
their cellular composition. The histopathological subtypes that can be 
identified include spindle A, spindle B, fascicular, mixed, epithelioid, and 
necrotic.24 Immunohistochemistry should generally reveal positivity for 
markers HMB45, tyrosinase, Melan-A, Sox10, and MITF. S100, generally 
known to be positive in melanoma, can be variable in uveal melanoma and thus 
is a less reliable marker.25 Nevertheless, fine-needle biopsy is now performed in 
most patients anyway for molecular testing to determine prognosis, as tumors 
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Figure 1. Macroscopic images of choroid(A), ciliary body(B), and iris melanoma(C) 

Figures taken from Beasley et al.21 

with complete monosomy 3 show worse prognosis than those with partial 
monosomy 3 due to a larger cumulative probability of metastasis (24% vs 5.3% 
respectively).26 

A growing number of studies have analyzed the use of blood biomarkers for 
not only diagnosis, but also prognosis and monitoring of uveal melanoma. 
These include circulating tumor cells (CTCs), circulating tumor DNA 
(ctDNA), and circulating MicroRNA (cmiRNA). CTCs can be extracted 
from blood, isolated using immunomagnetic beads, and quantified using RT-
PCR.21 Studies using gp100 and CD63 for isolation of CTCs have achieved as 
much as a 94% detection rate for uveal melanoma.27 In addition, CTCs are not 
found in patients with ocular nevi.28 Thus CTCs seem to be both sensitive and 
specific for a minimally invasive diagnosis of uveal melanoma, but given the 
limited research, more validation is required. CtDNA and cmiRNA can also 
be extracted from blood and detected by PCR.21 Perhaps the most sensitive 
marker, CtDNA was detected in the blood of 100% of patients with uveal 
melanoma, but also detected in 50% of patients with ocular nevi.29 CmiRNA 
was used to differentiate benign uveal nevi from uveal melanoma with 93% 
sensitivity and 100% specificity.30 However, the studies examining the 
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Table 2. Diagnostic Findings of Uveal Melanoma by Modality 

Diagnostic modality Diagnostic modality Findings in Uveal Melanoma Findings in Uveal Melanoma 

Indirect 
Ophthalmoscopy 

Mostly pigmented; usually associated with orange pigment of the retinal pigment epithelium and 
exudative retinal detachment37 

Ultrasound Negative for retraction cleft; positive for vascular pulsation, choroidal excavation, shadowing, and low 
internal reflectivity38 

OCT Serous retinal detachments around the tumor, intraretinal cystic spaces, loss of normal retinal 
architecture overlying tumor39 

Fluorescein 
Angiography 

Intrinsic tumor circulation (double circulation), multiple pinpoint leaks at level of retinal pigment 
epithelium40 

Histology/ 
immunohistochemistry 

Epithelioid, spindle cells, or both; positive staining for S100 and HMB4541 

diagnostic value of ctDNA and cmiRNA have been limited and the number of 
participants have been low, so further validation is required in order for these 
to become relevant. 

Differential Diagnosis 
The differential diagnosis for uveal melanoma can be broad. All types of uveal 
melanoma can be mistaken for nevi, since there can be a size overlap between 
large nevi and small uveal melanoma.31 Statistically, between thicknesses of 
2.5-3mm, there will be 5 nevi for every melanoma.31 In addition, uveal 
melanoma can also be mistaken for metastasis, particularly from primary lung 
and breast carcinoma.32 Like uveal melanoma, a metastasis may also present 
as a solitary yellow mass with associated subretinal fluid, and an ultrasound 
confirmed echodensity. 67% of primary cancer was detected prior to detection 
of the uveal tumor.32 As with primary uveal melanoma, metastatic lesions to 
the uvea may also be asymptomatic, or may present with visual impairment 
with or without metamorphopsia due to involvement of the macula. The 
choroid is the predominant location of metastasis to the uvea, making up 
81% of metastatic lesions.33 This is likely because metastasis to the uvea is 
typically bloodborne, and the choroid is supplied by the large posterior ciliary 
artery with extensive anastomotic communication between choroidal vessels.34 

If a possibly malignant uveal lesion is identified, it would be necessary to also 
conduct age-appropriate cancer screening to rule out the presence of 
metastasis. 

Iris melanoma also has a distinct differential, which can include ocular 
melanocytosis, leiomyoma, iris cysts, sarcoidosis, and juvenile 
xanthogranuloma.35 Melanoma of the ciliary body and choroid are often 
differentially diagnosed with peripheral exudative hemorrhagic 
chorioretinopathy, congenital hypertrophy of the retinal pigment epithelium, 
circumscribed choroidal hemangioma, and age-related macular 
degeneration.36 Table 1 and 2 outline the imaging and histologic distinctions 
between these other lesions and uveal melanoma. 
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Table 3. Distinguishing Findings of Conditions Mistaken for Uveal Melanoma 

Differential diagnoses Differential diagnoses Differentiating findings (sonography, OCT, or histology) Differentiating findings (sonography, OCT, or histology) 

Ocular melanocytosis Absence of choroidal thickening on sonography42 

Leiomyoma Positive staining for alpha-smooth muscle actin, muscle-specific actin, desmin, vimentin43 

Iris cysts Sonography would show hypoechoic interior44 

Sarcoidosis Non-necrotizing granulomatous inflammation on H&E; CD68 positivity on immunohistochemistry45 

Juvenile 
xanthogranuloma 

Presence of inflammatory infiltrate, foamy histiocytes, and giant cells on histology; CD68 and HAM56 
positivity on immunohistochemistry46 

Peripheral exudative 
hemorrhagic 
chorioretinopathy 

Lacks serous retinal detachments, intraretinal cystic spaces, and loss of normal architecture present 
with uveal melanoma (OCT)39; no choroidal excavation, no shadowing, positive retraction cleft 
(sonography)38 

Choroidal hemangioma High internal reflectivity and acoustic solidity on sonography47 

Congenital hypertrophy 
of the retinal pigment 
epithelium 

High internal reflectivity and irregular contour with acoustic solidity on sonography; no double 
circulation on fluorescein angiography48 

Age-related macular 
degeneration 

Presence of drusen on ophthalmoscopy, which appear as irregularities and deformations of the retinal 
pigment epithelium on OCT49 

Metastasis Mottled appearance and diffuse outline on MRI50; identification of other primary cancer (CXR, 
mammogram, colonoscopy, etc.) 

Prognosis 
Local treatment of primary uveal melanoma has been shown to be effective 
at preventing local recurrence in 95% of cases. However, half of diagnosed 
uveal melanoma are at risk of metastasis likely due to the tumor’s predilection 
towards early micrometastasis followed by a latency period prior to the onset 
of overt metastatic disease.51 Features that influence the prognosis of uveal 
melanoma can be divided into clinical, histopathologic, cytogenetic, and gene 
expression features. 

Clinically, factors that contribute to a worse prognosis include increasing 
patient age, size of tumor, ciliary body involvement, and extrascleral tumor 
extension.52 The American Joint Committee on Cancer Classification (AJCC) 
uses clinical factors based on TNM grading to create a prognostic stage from 
I through IV.53 T is organized based on basal diameter and thickness as well 
as ciliary body involvement and extraocular extension. N is based on lymph 
node involvement, and M is based on distance and size of metastasis. The 
risk of metastasis and death increased approximately three-fold for each tumor 
stage.54 

In terms of chromosomal markers, monosomy 3 and gain of chromosome 8q 
have been shown to have a higher frequency of metastasis than tumors without 
these mutations.55 Although partial losses of chromosome 3 encompassing 
the BAP1 locus are associated with lower metastasis-free survival in uveal 
melanoma, patients with BAP1-positive monosomy 3 have prolonged survival 
than patients with BAP1- negative monosomy 3.56 Perhaps the prognosis of 
patients with monosomy 3 is truly secondary to the loss of the BAP-1 tumor 
suppressor gene, but more research is necessary to substantiate this claim. 
In addition to its possible future diagnostic significance, one study found 
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Table 4. 12 Distinguishing Genes Used in DecisionDX-UM Gene Expression Profiling and Associated Direction of Change 

Gene Name Gene Name Gene Symbol Gene Symbol Regulation Regulation 

E-cadherin CDH1 Up 

Extracellular matrix protein 1 ECM1 Up 

Eukaryotic translation initiation factor 1B EIF1B Down 

Fragile × mental retardation, autosomal homolog 1 FXR1 Down 

5-HT(serotonin) receptor 2B HTR2B Up 

Inhibitor of DNA binding 2 ID2 Down 

LIM and cysteine-rich domains 1 LMCD1 Down 

Leukotriene A4 hydrolase LTA4H Down 

Microtubule associated tumor suppressor 1 MTUS1 Down 

RAB31, RAS oncogene family RAB31 Up 

Roundabout, axon guidance receptor, 1 ROBO1 Down 

SATB homeobox 1 SATB1 Down 

Data adapted from Onken et al,60 2010 

cmiRNA that are specifically associated with monosomy 3 can be detected 
in blood,57 perhaps providing a route for prognostication without having to 
biopsy the eye. 

Another highly valued prognostic indicator is a 15 gene expression profiling 
(GEP) assay known as DecisionDx-UM, which groups tumors into low (class 
1) or high (class 2) metastatic potential based on the presence of 12 
discriminating genes and 3 control genes.58 DecisionDX-UM successfully 
confirmed uveal melanoma in 97% of fine-needle biopsy cases in a large, 
prospective multicenter study.59 The 12 discriminating genes are shown in 
Table 3 with the associated direction of change for class 2 tumors. Note that 
the three control genes MRPS21, RBM23, and SAP130, are expressed in 
similar levels in class 1 and class 2 tumors.60 

Oftentimes, clinical staging and molecular prognostication can be discordant. 
To balance the prognostic value of these modalities, it may be possible to 
combine the results of each to create a composite score reflecting a more precise 
prognosis. Recent studies have attempted to combine AJCC staging and GEP 
and have created a total risk score that seems to provide an accurate prognosis 
for uveal melanoma.61 Another study combined AJCC staging with 
chromosome 3 and 8q status and found this to provide more of an accurate 
prognostication of uveal melanoma. This study found that a normal genetic 
status of chromosomes 3 and 8 minimized the prognostic effect of AJCC 
staging.62 Nonetheless, more research is needed to substantiate staging using 
composites from these modalities. Above all, timely detection of uveal 
melanoma is necessary to improve prognosis. 
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Management 
The route physicians decide in treating a uveal melanoma is highly variable 
and is often based on the size, symptoms, molecular markers, and metastasis. 
For small, asymptomatic tumors (<12 mm), it may be suitable to observe. For 
lesions of the choroid that are either nevi or indeterminate, research suggests 
these have very low malignant potential and therefore are often observed as 
well.59 Modalities for monitoring can vary from ocular coherence tomography, 
ultrasonography, or fundus photography, with follow-ups ranging between 2-4 
months. 

The most common method for treatment for primary uveal melanoma is 
radiation therapy. Namely, plaque brachytherapy is mostly used for uveal 
melanoma <18 mm in diameter and <12 mm in thickness. Plaque 
brachytherapy involves placing radioactive seeds within the eye near the tumor 
and using a gold sheet to protect the body from the radiation. Iodine-125 as 
a radiation source is the most preferred due to its accessibility in the United 
States, as well as it’s utility across a broad range of tumor sizes.63 Research 
shows no significant difference in survival rate for medium-sized choroidal 
melanoma treated with plaque brachytherapy compared to the previous gold-
standard: enucleation.64 Enucleation is the removal of the eye itself, while 
leaving behind the eyelids and muscles of the eye. 

Another less commonly sought out radiation option for treatment of uveal 
melanoma is charged-particle radiation therapy (CPRT). Charged particles can 
include protons, carbon ions, and helium ions. The technique localizes a high-
dose region around the tumor volume and allows critical structures 3-4 mm 
away from the edge of the tumor to be spared from radiation.65 Although local 
control rates between plaque brachytherapy and CPRT are similar,66 more 
anterior segment complications such as eyelash loss, dry eyes, and neovascular 
glaucoma, arose from the helium-ion irradiation applied by CPRT.67 Though, 
CPRT may be appropriate for patients with disease encircling the optic nerve 
as it is not possible to place brachytherapy plaques around the tumor.68 

Compared to brachytherapy, CPRT is more radiation-sparing to other 
structures outside the region of radiation. Thus, CPRT is also preferred with 
large tumors in patients who cannot afford to sacrifice eyesight in the ipsilateral 
eye, such as people who had previously lost eyesight in the contralateral eye.69 

Another therapeutic option for patients with uveal melanoma is surgery. Local 
resection is seldom used without adjuvant therapy because of the likelihood 
of post-operative complications such as vitreous hemorrhage, rhegmatogenous 
retinal detachment, and proliferative vitreoretinopathy.70 For physicians that 
continue to perform local resection, adjuvant proton beam radiotherapy prior, 
or plaque brachytherapy after is often implemented.71,72 The previous gold-
standard for treatment of uveal melanoma was enucleation. As stated prior, 
plaque brachytherapy is currently preferred over enucleation since studies 
show no additional survival benefit with enucleation.64 However, patients 
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with uveal melanoma >18 mm in diameter and >12 mm in thickness, with 
moderate extraocular extension and poor visual potential are advised to receive 
enucleation rather than brachytherapy.73 With patients that elect for 
enucleation, there has been shown to be no benefit to pre-treatment with 
radiation therapy to the eye and orbit.74 Orbital exenteration, which is the 
removal of the eye, eyelids, and eye muscles, may be preferred for those with 
large areas of extraocular extension. 

Other less invasive techniques include thermotherapy, including transpupillary 
thermotherapy (TTT) and photodynamic thermotherapy (PDT). TTT 
involves using a diode 810 nm laser light through a dilated pupil to the tumor 
surface. Gradually, the tumor heats up to 45-60o Celsius, which in theory 
obliterates tumor blood vessels leading to tumor necrosis.75 However, TTT 
has a maximum penetration of 4 mm,75 thus is only used for primary 
treatment of uveal melanoma <3 mm in thickness.76 Also, the effect of TTT 
on vasculature is associated with complications including retinal artery 
occlusion, macular edema, vitreous hemorrhage, and epiretinal membrane.76 

PDT, a procedure commonly used for wet macular degeneration, is when 
a photosensitizer like Verteporfin is injected directly into the tumor tissue 
and then activated with light at a specific wavelength. This not only destroys 
the tumor via direct cytotoxicity, but also obliterates tumor vasculature and 
stimulates autophagy via a localized inflammatory reaction.77 Although PDT 
is not generally used as a primary treatment for uveal melanoma, it does show 
efficacy in small, pigmented posterior pole choroidal melanomas, achieving 
short-term tumor control in 80% of patients.78 

In recent years, new technologies have been proposed for the treatment of 
many solid tumors, including uveal melanoma. These options include High-
intensity focused ultrasound (HIFU), iontophoresis and electrochemotherapy 
(ECT). HIFU can be used to quickly heat up a local area to temperatures above 
56 C, leading to coagulation necrosis without affecting the tissue vascular 
system.79 HIFU has been clinically used to treat malignancies such as 
hepatocellular carcinoma and prostate cancer.80,81 However, to treat 
malignancies of the eye, HIFU beams would need to function at a frequency of 
>10 MHz.82 Such devices have yet to be created. Iontophoresis is a technique 
using a low-intensity electric current to increase the biodistribution of ionized 
drugs, including antimetabolites like bleomycin and carboplatin.79 One study 
showed a dose-dependent inhibition of neuroblastoma in mice using 
iontophoresis of carboplatin, without any corneal toxicity at doses under 
10mg/mL.83 Levels of carboplatin in the retina, choroid, vitreous humor, 
and optic nerve were higher following iontophoretic administration compared 
to intravenous.84 In ECT, electrical pulses open up transient pores in the 
cell membrane and allow influx of chemotherapeutic drugs into the cytosol. 
Bleomycin combined with ECT has shown efficacy in vitro in reducing the 
activity of human conjunctival melanoma cell lines.85 A simulation on a 3D 
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mathematical model of the eye suggested that ECT can be safely applied to 
treat intraocular tumors,86 but neither animal nor human studies have yet to 
be attempted. 

Although it is likely that targeted therapies like HIFU, iontophoresis, and ECT 
will be available for human trials for many types of cancer soon, these therapies 
would need to be directly compared side by side with plaque brachytherapy 
in a phase 3 clinical trial in order for their utility in the treatment of uveal 
melanoma to be considered. Many steps remain in this process. 

Conclusion 
In conclusion, uveal melanoma is a malignant proliferation of melanocytes 
within the middle eye. Although advances in the diagnosis and treatment have 
improved the prognosis of this disease, half of those with uveal melanoma are 
still at risk of metastasis.51 Uveal melanoma-related mortality was estimated 
at 31% in 5 years, 45% in 15 years, and 49% in 29 years.6 Further research 
is warranted to promote earlier identification, particularly in the context of 
blood biomarkers such as CTCs, ctDNA, cmiRNA to minimize overall tumor 
burden. The combination of prognostic indicators to create a composite score 
using AJCC staging, GEP, and chromosome 3 and 8q status also shows 
promise and warrants further exploration. Studies should also be aimed at 
testing the efficacy of focused treatments like HFU, iontophoresis, and ECT 
in uveal melanoma in humans, since these treatment modalities have so far 
only been explored in animal models. These advancements together would 
substantially reduce the mortality of uveal melanoma. 

Conflict of interest 
None of the authors have identified a conflict of interest. 

Financial Disclosures 
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors. 

Uveal Melanoma

Georgetown Medical Review 10



references 

1. National Cancer Institute. Uveal Melanoma. Published 2022. https://www.cancer.gov/
publications/dictionaries/cancer-terms/def/uveal-melanoma/ 
2. Collaborators GDaIIaP. Global, regional, and national incidence, prevalence, and years lived with 
disability for 310 diseases and injuries, 1990–2015: a systematic analysis for the Global Burden of 
Disease Study 2015. Lancet. 2016;388(10053):1545-1602. doi:10.1016/s0140-6736(16)31678-6 
3. Aronow ME, Topham AK, Singh AD. Uveal Melanoma: 5-Year Update on Incidence, 
Treatment, and Survival (SEER 1973-2013). Ocul Oncol Pathol. 2018;4(3):145-151. doi:10.1159/
000480640 
4. Grisanti S, Tura A. Uveal Melanoma. In: Noncutaneous Melanoma. Codon Publications; 
2018:1-18. doi:10.15586/codon.noncutaneousmelanoma.2018.ch1 
5. Walpole S, Pritchard AL, Cebulla CM, et al. Comprehensive Study of the Clinical Phenotype of 
GermlineBAP1Variant-Carrying Families Worldwide. J Natl Cancer Inst. 2018;110(12):1328-1341. 
doi:10.1093/jnci/djy171 
6. Kujala E, Mäkitie T, Kivelä T. Very long-term prognosis of patients with malignant uveal 
melanoma. Invest Ophthalmol Vis Sci. 2003;44(11):4651-4659. doi:10.1167/iovs.03-0538 
7. Weis E. The Association Between Host Susceptibility Factors and Uveal Melanoma. Arch 
Ophthalmol. 2006;124(1):2006-2001. doi:10.1001/archopht.124.1.54 
8. Kaliki S, Shields CL. Uveal melanoma: relatively rare but deadly cancer. Eye. 2017;31(2):241-257. 
doi:10.1038/eye.2016.275 
9. Vajdic CM, Kricker A, Giblin M, et al. Sun exposure predicts risk of ocular melanoma in 
Australia. Int J Cancer. 2002;101(2):175-182. doi:10.1002/ijc.10579 
10. Fernandes BF, Marshall JCA, Burnier MNJ. Blue light exposure and uveal melanoma. 
Ophthalmology. 2006;113(6):1062.e1. doi:10.1016/j.ophtha.2006.02.037 
11. Hammer H, Oláh J, Tóth-Molnár E. Dysplastic nevi are a risk factor for uveal melanoma. Eur J 
Ophthalmol. 1996;6(4):472-474. 
12. Gupta MP, Lane AM, DeAngelis MM, et al. Clinical Characteristics of Uveal Melanoma in 
Patients With GermlineBAP1Mutations. JAMA Ophthalmol. 2015;133(8):881-887. doi:10.1001/
jamaophthalmol.2015.1119 
13. Masoomian B, Shields JA, Shields CL. Overview of BAP1 cancer predisposition syndrome and 
the relationship to uveal melanoma. J Curr Ophthalmol. 2018;30(2):102-109. doi:10.1016/
j.joco.2018.02.005 
14. Bononi A, Giorgi C, Patergnani S, et al. BAP1 regulates IP3R3-mediated Ca2+ flux to 
mitochondria suppressing cell transformation. Nature. 2017;546(7659):549-553. doi:10.1038/
nature22798 
15. Wang A, Papneja A, Hyrcza M, Al-Habeeb A, Ghazarian D. Gene of the month: BAP1. J Clin 
Pathol. 2016;69(9):750-753. doi:10.1136/jclinpath-2016-203866 
16. Rodrigues M, Ait Rais K, Salviat F, et al. Association of Partial Chromosome 3 Deletion in 
Uveal Melanomas With Metastasis-Free Survival. JAMA Ophthalmol. 2020;138(2):182. 
doi:10.1001/jamaophthalmol.2019.5403 
17. Plateroti AM, Scavella V, Abdolrahimzadeh B, Plateroti R, Rahimi S. An Update on 
Oculodermal Melanocytosis and Rare Associated Conditions. Semin Ophthalmol. 
2017;32(4):524-528. doi:10.3109/08820538.2015.1118133 

Uveal Melanoma

Georgetown Medical Review 11

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/uveal-melanoma/
https://www.cancer.gov/publications/dictionaries/cancer-terms/def/uveal-melanoma/
https://doi.org/10.1016/s0140-6736(16)31678-6
https://doi.org/10.1159/000480640
https://doi.org/10.1159/000480640
https://doi.org/10.15586/codon.noncutaneousmelanoma.2018.ch1
https://doi.org/10.1093/jnci/djy171
https://doi.org/10.1167/iovs.03-0538
https://doi.org/10.1001/archopht.124.1.54
https://doi.org/10.1038/eye.2016.275
https://doi.org/10.1002/ijc.10579
https://doi.org/10.1016/j.ophtha.2006.02.037
https://doi.org/10.1001/jamaophthalmol.2015.1119
https://doi.org/10.1001/jamaophthalmol.2015.1119
https://doi.org/10.1016/j.joco.2018.02.005
https://doi.org/10.1016/j.joco.2018.02.005
https://doi.org/10.1038/nature22798
https://doi.org/10.1038/nature22798
https://doi.org/10.1136/jclinpath-2016-203866
https://doi.org/10.1001/jamaophthalmol.2019.5403
https://doi.org/10.3109/08820538.2015.1118133


18. Singh AD, De Potter P, Fijal BA, Shields CL, Shields JA, Elston RC. Lifetime prevalence of 
uveal melanoma in white patients with oculo(dermal) melanocytosis. Ophthalmology. 
1998;105(1):195-198. doi:10.1016/s0161-6420(98)92205-9 
19. Shields CL, Kaliki S, Livesey M, et al. Association of Ocular and Oculodermal Melanocytosis 
With the Rate of Uveal Melanoma Metastasis. JAMA Ophthalmol. 2013;131(8):993. doi:10.1001/
jamaophthalmol.2013.129 
20. Singh AD, Grossniklaus HE. What’s in a Name? Large Choroidal Nevus, Small Choroidal 
Melanoma, or Indeterminate Melanocytic Tumor. Ocul Oncol Pathol. 2021;7(4):235-238. 
doi:10.1159/000516536 
21. Beasley AB, Chen FK, Isaacs TW, Gray ES. Future perspectives of uveal melanoma blood based 
biomarkers. Br J Cancer. 2022;126(11). doi:10.1038/s41416-022-01723-8 
22. Bianciotto C, Shields CL, Guzman JM, et al. Assessment of anterior segment tumors with 
ultrasound biomicroscopy versus anterior segment optical coherence tomography in 200 cases. 
Ophthalmology. 2011;118(7):1297-1302. doi:10.1016/j.ophtha.2010.11.011 
23. Maloca P, Gyger C, Hasler PW. A pilot study to compartmentalize small melanocytic choroidal 
tumors and choroidal vessels with speckle-noise free 1050 nm swept source optical coherence 
tomography (OCT choroidal “tumoropsy”). Graefes Arch Clin Exp Ophthalmol. 
2016;254(6):1211-1219. doi:10.1007/s00417-016-3270-9 
24. Feng YQ, Guo N, Huang F, Chen X, Sun QS, Liu JX. Anti-tuberculosis treatment for Devic’s 
neuromyelitis optica. J Clin Neurosci. 2010;17(11):1372-1377. doi:10.1016/j.jocn.2010.02.023 
25. Iwamoto S. Immunophenotypic Differences Between Uveal and Cutaneous Melanomas. Arch 
Ophthalmol. 2002;120(4):2002-2004. doi:10.1001/archopht.120.4.466 
26. Shields CL, Ganguly A, Bianciotto CG, Turaka K, Tavallali A, Shields JA. Prognosis of uveal 
melanoma in 500 cases using genetic testing of fine-needle aspiration biopsy specimens. 
Ophthalmology. 2011;118(2):396-401. doi:10.1016/j.ophtha.2010.05.023 
27. Tura A, Lüke J, Merz H, et al. Identification of circulating melanoma cells in uveal melanoma 
patients by dual-marker immunoenrichment. Invest Ophthalmol Vis Sci. 2014;55(7):4395-4404. 
doi:10.1167/iovs.14-14512 
28. Bande MF, Santiago M, Muinelo-Romay L, et al. Detection of circulating melanoma cells in 
choroidal melanocytic lesions. BMC Res Notes. 2015;8(1):452. doi:10.1186/s13104-015-1420-5 
29. Bustamante P, Tsering T, Coblentz J, et al. Circulating tumor DNA tracking through driver 
mutations as a liquid biopsy-based biomarker for uveal melanoma. J Exp Clin Cancer Res. 
2021;40(1). doi:10.1186/s13046-021-01984-w 
30. Stark MS, Gray ES, Isaacs T, et al. A Panel of Circulating MicroRNAs Detects Uveal Melanoma 
With High Precision. Trans Vis Sci Tech. 2019;8(6):2019-2011. doi:10.1167/tvst.8.6.12 
31. Augsburger JJ, Corrêa ZM, Trichopoulos N, Shaikh A. Size overlap between benign 
melanocytic choroidal nevi and choroidal malignant melanomas. Invest Ophthalmol Vis Sci. 
2008;49(7):2823-2828. doi:10.1167/iovs.07-1603 
32. Shields CL, Welch RJ, Malik K, et al. Uveal Metastasis: Clinical Features and Survival Outcome 
of 2214 Tumors in 1111 Patients Based on Primary Tumor Origin. Middle East Afr J Ophthalmol. 
2018;25(2):81-90. doi:10.4103/meajo.meajo_6_18 
33. Georgalas I, Paraskevopoulos T, Koutsandrea C, et al. Ophthalmic Metastasis of Breast Cancer 
and Ocular Side Effects from Breast Cancer Treatment and Management: Mini Review. BioMed 
Research International. 2015;2015:1-8. doi:10.1155/2015/574086 
34. Chen HF, Wang WX, Li XF, et al. Eye metastasis in lung adenocarcinoma mimicking anterior 
scleritis: A case report. WJCC. 2020;8(2):410-414. doi:10.12998/wjcc.v8.i2.410 

Uveal Melanoma

Georgetown Medical Review 12

https://doi.org/10.1016/s0161-6420(98)92205-9
https://doi.org/10.1001/jamaophthalmol.2013.129
https://doi.org/10.1001/jamaophthalmol.2013.129
https://doi.org/10.1159/000516536
https://doi.org/10.1038/s41416-022-01723-8
https://doi.org/10.1016/j.ophtha.2010.11.011
https://doi.org/10.1007/s00417-016-3270-9
https://doi.org/10.1016/j.jocn.2010.02.023
https://doi.org/10.1001/archopht.120.4.466
https://doi.org/10.1016/j.ophtha.2010.05.023
https://doi.org/10.1167/iovs.14-14512
https://doi.org/10.1186/s13104-015-1420-5
https://doi.org/10.1186/s13046-021-01984-w
https://doi.org/10.1167/tvst.8.6.12
https://doi.org/10.1167/iovs.07-1603
https://doi.org/10.4103/meajo.meajo_6_18
https://doi.org/10.1155/2015/574086
https://doi.org/10.12998/wjcc.v8.i2.410


35. Henderson E, Margo CE. Iris Melanoma. Arch Pathol Lab Med. 2008;132(2):268-272. 
doi:10.5858/2008-132-268-im 
36. Shields JA, Masha yekhi A, Ra S, Shields CL. Pseudomelanomas of the posterior uveal tract: the 
2006 Taylor R. Smith Lecture. Retina. 2005;25(6):767-771. doi:10.1097/
00006982-200509000-00013 
37. Singh P, Singh A. Choroidal melanoma. Oman J Ophthalmol. 2012;5(1):3-9. doi:10.4103/
0974-620x.94718 
38. Shields CL, Salazar PF, Mashayekhi A, Shields JA. Peripheral exudative hemorrhagic 
chorioretinopathy simulating choroidal melanoma in 173 eyes. Ophthalmology. 
2009;116(3):529-535. doi:10.1016/j.ophtha.2008.10.015 
39. Materin MA, Raducu R, Bianciotto C, Shields C. Fundus autofluorescence and optical 
coherence tomography findings in choroidal melanocytic lesions. Middle East Afr J Ophthalmol. 
2010;17(3):201-206. doi:10.4103/0974-9233.65489 
40. Gass JD. Problems in the differential diagnosis of choroidal nevi and malignant melanomas. 
The XXXIII Edward Jackson Memorial Lecture. Am J Ophthalmol. 1977;83(3):299-323. 
doi:10.1089/ten.2005.11.1254 
41. Histopathologic characteristics of uveal melanomas in eyes enucleated from the Collaborative 
Ocular Melanoma Study. COMS report no. 6. Am J Ophthalmol. 1998;125(6):745-766. 
doi:10.1016/s0002-9394(98)00040-3 
42. Augsburger JJ, Brooks CC, Correa ZM. Isolated choroidal melanocytosis: clinical update on 37 
cases. Graefes Arch Clin Exp Ophthalmol. 2020;258(12):2819-2829. doi:10.1007/
s00417-020-04919-x 
43. Tomar AS, Fam A, Finger PT, Iacob CE. Doppelgänger dilemma: Leiomyoma versus uveal 
melanoma. Am J Ophthalmol Case Rep. 2021;22:101040. doi:10.1016/j.ajoc.2021.101040 
44. Marigo FA, Esaki K, Finger PT, et al. Differential diagnosis of anterior segment cysts by 
ultrasound biomicroscopy. Ophthalmology. 1999;106(11):2131-2135. doi:10.1016/
s0161-6420(99)90495-5 
45. Faber C, Ejstrup R, Madsen K, Heegaard S, Scheie D, Kiilgaard JF. Isolated Ocular Sarcoidosis 
Mimicking Ring Melanoma. Ocul Oncol Pathol. 2020;6(3):180-183. doi:10.1159/000504784 
46. Fontanilla FA, Edward DP, Wong M, Tessler HH, Eagle RC, Goldstein DA. Juvenile 
xanthogranuloma masquerading as melanoma. J AAPOS. 2009;13(5):515-518. doi:10.1016/
j.jaapos.2009.06.010 
47. Sen M, Honavar SG. Circumscribed choroidal hemangioma: An overview of clinical 
manifestation, diagnosis and management. Indian J Ophthalmol. 2019;67(12):1965-1973. 
doi:10.4103/ijo.ijo_2036_19 
48. Shields JA, Shields CL. Tumors and Related Lesions of the Pigmented Epithelium. Asia Pac J 
Ophthalmol (Phila). 2017;2017;6(2):215-223:215-223. doi:10.22608/apo.201705 
49. Garcia-Layana A, Ciuffo G, Zarranz-Ventura J, Alvarez-Vidal A. Optical Coherence 
Tomography in Age-related Macular Degeneration. AMD Book. https://amdbook.org/content/
optical-coherence-tomography-age-related-macular-degeneration 
50. Mafee MF. Uveal melanoma, choroidal hemangioma, and simulating lesions. Role of MR 
imaging. Radiol Clin North Am. 1998;36(6):1083-1099. doi:10.1016/s0033-8389(05)70233-5 
51. Eskelin S, Pyrhönen S, Summanen P, Hahka-Kemppinen M, Kivelä T. Tumor doubling times 
in metastatic malignant melanoma of the uvea: tumor progression before and after treatment. 
Ophthalmology. 2000;107(8):1443-1449. doi:10.1016/s0161-6420(00)00182-2 

Uveal Melanoma

Georgetown Medical Review 13

https://doi.org/10.5858/2008-132-268-im
https://doi.org/10.1097/00006982-200509000-00013
https://doi.org/10.1097/00006982-200509000-00013
https://doi.org/10.4103/0974-620x.94718
https://doi.org/10.4103/0974-620x.94718
https://doi.org/10.1016/j.ophtha.2008.10.015
https://doi.org/10.4103/0974-9233.65489
https://doi.org/10.1089/ten.2005.11.1254
https://doi.org/10.1016/s0002-9394(98)00040-3
https://doi.org/10.1007/s00417-020-04919-x
https://doi.org/10.1007/s00417-020-04919-x
https://doi.org/10.1016/j.ajoc.2021.101040
https://doi.org/10.1016/s0161-6420(99)90495-5
https://doi.org/10.1016/s0161-6420(99)90495-5
https://doi.org/10.1159/000504784
https://doi.org/10.1016/j.jaapos.2009.06.010
https://doi.org/10.1016/j.jaapos.2009.06.010
https://doi.org/10.4103/ijo.ijo_2036_19
https://doi.org/10.22608/apo.201705
https://amdbook.org/content/optical-coherence-tomography-age-related-macular-degeneration
https://amdbook.org/content/optical-coherence-tomography-age-related-macular-degeneration
https://doi.org/10.1016/s0033-8389(05)70233-5
https://doi.org/10.1016/s0161-6420(00)00182-2


52. Augsburger JJ, Gamel JW. Clinical prognostic factors in patients with posterior uveal malignant 
melanoma. Cancer Oct. 1990;66(7):1596-1600. doi:10.1002/1097-0142(19901001)66:7<1596::aid-
cncr2820660726>3.0.co;2-6 
53. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, et al. Malignant melanomva of the 
uvea. In: Trotti A, ed. AJCC Cancer Staging Manual. 7th ed. Springer; 2010:547-559. 
54. Shields CL, Kaliki S, Furuta M, Fulco E, Alarcon C, Shields JA. American Joint Committee on 
Cancer classification of posterior uveal melanoma (tumor size category) predicts prognosis in 7731 
patients. Ophthalmology. 2013;120(10):2066-2071. doi:10.1016/j.ophtha.2013.03.012 
55. Trolet J, Hupé P, Huon I, et al. Genomic profiling and identification of high-risk uveal 
melanoma by array CGH analysis of primary tumors and liver metastases. Invest Ophthalmol Vis 
Sci. 2009;50(6):2572-2580. doi:10.1167/iovs.08-2296 
56. Farquhar N, Thornton S, Coupland SE, et al. Patterns of BAP1 protein expression provide 
insights into prognostic significance and the biology of uveal melanoma. J Path: Clin Res. 
2018;4(1):2018-2001. doi:10.1002/cjp2.86 
57. Triozzi PL, Achberger S, Aldrich W, Crabb JW, Saunthararajah Y, Singh AD. Association of 
tumor and plasma microRNA expression with tumor monosomy-3 in patients with uveal 
melanoma. Clin Epigenet. 2016;8(1). doi:10.1186/s13148-016-0243-0 
58. Harbour JW, Chen R. The DecisionDx-UM Gene Expression Profile Test Provides Risk 
Stratification and Individualized Patient Care in Uveal Melanoma. PLoS Curr. 2013;5. 
doi:10.1371/currents.eogt.af8ba80fc776c8f1ce8f5dc485d4a618 
59. Onken MD, Worley LA, Char DH, et al. Collaborative Ocular Oncology Group report number 
1: prospective validation of a multi-gene prognostic assay in uveal melanoma. Ophthalmology. 
2012;119(8):1596-1603. doi:10.1016/j.ophtha.2012.02.017 
60. Onken MD, Worley LA, Tuscan MD, Harbour JW. An Accurate, Clinically Feasible Multi-
Gene Expression Assay for Predicting Metastasis in Uveal Melanoma. The Journal of Molecular 
Diagnostics. 2010;12(4):461-468. doi:10.2353/jmoldx.2010.090220 
61. Stacey AW, Dedania VS, Materin M, Demirci H. Improved Prognostic Precision in Uveal 
Melanoma through a Combined Score of Clinical Stage and Molecular Prognostication. Ocul Oncol 
Pathol. 2022;8(1):35-41. doi:10.1159/000520218 
62. Bagger M, Andersen MT, Andersen KK, Heegaard S, Andersen MK, Kiilgaard JF. The 
prognostic effect of American Joint Committee on Cancer staging and genetic status in patients 
with choroidal and ciliary body melanoma. Invest Ophthalmol Vis Sci. 2014;56(1):438-444. 
doi:10.1167/iovs.14-15571 
63. Earle J, Kline RW, Robertson DM. Selection of iodine 125 for the Collaborative Ocular 
Melanoma Study. Arch Ophthalmol. 1987;105(6):763-764. doi:10.1001/
archopht.1987.01060060049030 
64. Group COMS. The COMS randomized trial of iodine 125 brachytherapy for choroidal 
melanoma: V. Twelve-year mortality rates and prognostic factors: COMS report No. 28. Arch 
Ophthalmol. 2006;124(12):1684-1693. doi:10.1001/archopht.124.12.1684 
65. Saunders WM, Char DH, Quivey JM, et al. Precision, high dose radiotherapy: helium ion 
treatment of uveal melanoma. Int J Radiat Oncol Biol Phys. 1985;11(2):227-233. doi:10.1016/
0360-3016(85)90143-9 
66. Sikuade MJ, Salvi S, Rundle PA, Errington DG, Kacperek A, Rennie IG. Outcomes of 
treatment with stereotactic radiosurgery or proton beam therapy for choroidal melanoma. Eye. 
2015;29(9):1194-1198. doi:10.1038/eye.2015.109 

Uveal Melanoma

Georgetown Medical Review 14

https://doi.org/10.1016/j.ophtha.2013.03.012
https://doi.org/10.1167/iovs.08-2296
https://doi.org/10.1002/cjp2.86
https://doi.org/10.1186/s13148-016-0243-0
https://doi.org/10.1371/currents.eogt.af8ba80fc776c8f1ce8f5dc485d4a618
https://doi.org/10.1016/j.ophtha.2012.02.017
https://doi.org/10.2353/jmoldx.2010.090220
https://doi.org/10.1159/000520218
https://doi.org/10.1167/iovs.14-15571
https://doi.org/10.1001/archopht.1987.01060060049030
https://doi.org/10.1001/archopht.1987.01060060049030
https://doi.org/10.1001/archopht.124.12.1684
https://doi.org/10.1016/0360-3016(85)90143-9
https://doi.org/10.1016/0360-3016(85)90143-9
https://doi.org/10.1038/eye.2015.109


67. Char DH, Quivey JM, Castro JR, Kroll S, Phillips T. Helium ions versus iodine 125 
brachytherapy in the management of uveal melanoma. A prospective, randomized, dynamically 
balanced trial. Ophthalmology. 1993;100(10):1547-1554. doi:10.1016/s0161-6420(93)31446-6 
68. Sayan M, Mamidanna S, Oncel D, et al. Clinical management of uveal melanoma: a 
comprehensive review with a treatment algorithm. Radiat Oncol J. 2020;38(3):162-169. 
doi:10.3857/roj.2020.00318 
69. Gragoudas ES. Proton beam irradiation of uveal melanomas: the first 30 years. The Weisenfeld 
Lecture. Invest Ophthalmol Vis Sci. 2006;47(11):4666-4673. doi:10.1167/iovs.06-0659 
70. Damato BE. Local resection of uveal melanoma. Bull Soc Belge Ophtalmol. 1993;248:11-17. 
71. Konstantinidis L, Groenewald C, Coupland SE, Damato B. Long-term outcome of primary 
endoresection of choroidal melanoma. Br J Ophthalmol. 2014;98(1):82-85. doi:10.1136/
bjophthalmol-2013-304022 
72. Damato B. The role of eyewall resection in uveal melanoma management. Int Ophthalmol Clin. 
2006;46(1):81-93. doi:10.1097/01.iio.0000195862.71558.c8 
73. Shields JA, Shields CL. In: Intraocular Tumors: An Atlas and Textbook. Wolters Kluwer; 2016. 
74. Hawkins BS, Group COMS. The Collaborative Ocular Melanoma Study (COMS) randomized 
trial of pre-enucleation radiation of large choroidal melanoma: IV. Ten-year mortality findings and 
prognostic factors. COMS report number 24. Am J Ophthalmol. 2004;138(6):936-951. 
doi:10.1016/j.ajo.2004.07.006 
75. Shields CL, Shields JA, Perez N, Singh AD, Cater J. Primary transpupillary thermotherapy for 
small choroidal melanoma in 256 consecutive cases: outcomes and limitations. Ophthalmology. 
2002;109(2):225-234. doi:10.1016/s0161-6420(01)00902-2 
76. Godfrey DG, Waldron RG, Capone AJ. Transpupillary thermotherapy for small choroidal 
melanoma. Am J Ophthalmol. 1999;128(1):88-93. doi:10.1016/s0002-9394(99)00063-x 
77. Cerman E, Çekiç O. Clinical use of photodynamic therapy in ocular tumors. Surv Ophthalmol. 
2015;60(6):557-574. doi:10.1016/j.survophthal.2015.05.004 
78. Fabian ID, Stacey AW, Papastefanou V, et al. Primary photodynamic therapy with verteporfin 
for small pigmented posterior pole choroidal melanoma. Eye. 2017;31(4):519-528. doi:10.1038/
eye.2017.22 
79. Bilmin K, Synoradzki KJ, Czarnecka AM, et al. New Perspectives for Eye-Sparing Treatment 
Strategies in Primary Uveal Melanoma. Cancers. 2021;14(1):134. doi:10.3390/cancers14010134 
80. Ji Y, Zhang Y, Zhu J, et al. High intensity focused ultrasound (HIFU) for primary hepatocellular 
carcinoma: A single center experience. International Journal Of Clinical And Experimental 
Medicine. 2017;10(11):15432-15438. 
81. Chaussy CG, Thüroff S. High-Intensity Focused Ultrasound for the Treatment of Prostate 
Cancer: A Review. J Endourol. 2017;31(S1):S-30-S-37. doi:10.1089/end.2016.0548 
82. Alkins RD, Mainprize TG. High-Intensity Focused Ultrasound Ablation Therapy of Gliomas. 
Prog Neurol Surg. 2018;32:39-47. doi:10.1159/000469678 
83. Hayden B, Jockovich ME, Murray TG, et al. Iontophoretic Delivery of Carboplatin in a 
Murine Model of Retinoblastoma. Invest Ophthalmol Vis Sci. 2006;47(9):3717. doi:10.1167/
iovs.06-0365 
84. Hayden BC, Jockovich ME, Murray TG, et al. Pharmacokinetics of Systemic Versus Focal 
Carboplatin Chemotherapy in the Rabbit Eye: Possible Implication in the Treatment of 
Retinoblastoma. Invest Ophthalmol Vis Sci. 2004;45(10):3644. doi:10.1167/iovs.04-0228 

Uveal Melanoma

Georgetown Medical Review 15

https://doi.org/10.1016/s0161-6420(93)31446-6
https://doi.org/10.3857/roj.2020.00318
https://doi.org/10.1167/iovs.06-0659
https://doi.org/10.1136/bjophthalmol-2013-304022
https://doi.org/10.1136/bjophthalmol-2013-304022
https://doi.org/10.1097/01.iio.0000195862.71558.c8
https://doi.org/10.1016/j.ajo.2004.07.006
https://doi.org/10.1016/s0161-6420(01)00902-2
https://doi.org/10.1016/s0002-9394(99)00063-x
https://doi.org/10.1016/j.survophthal.2015.05.004
https://doi.org/10.1038/eye.2017.22
https://doi.org/10.1038/eye.2017.22
https://doi.org/10.3390/cancers14010134
https://doi.org/10.1089/end.2016.0548
https://doi.org/10.1159/000469678
https://doi.org/10.1167/iovs.06-0365
https://doi.org/10.1167/iovs.06-0365
https://doi.org/10.1167/iovs.04-0228


85. Fiorentzis M, Katopodis P, Kalirai H, Seitz B, Viestenz A, Coupland SE. Conjunctival 
melanoma and electrochemotherapy: preliminary results using 2D and 3D cell culture models in 
vitro. Acta Ophthalmol. 2019;97(4):e632-e640. doi:10.1111/aos.13993 
86. Mandel Y, Rubinsky B. Treatment of Uveal Melanoma by Nonthermal Irreversible 
Electroporation: Electrical and Bioheat Finite Element Model of the Human Eye. Journal of Heat 
Transfer. 2012;134(11). doi:10.1115/1.4005203 

Uveal Melanoma

Georgetown Medical Review 16

https://doi.org/10.1111/aos.13993
https://doi.org/10.1115/1.4005203

	Introduction
	Risk Factors
	Diagnosis
	Differential Diagnosis
	Prognosis
	Management
	Conclusion
	Conflict of interest
	Financial Disclosures

	References

