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Abstract: Approximately 90% of uveal melanomas develop in the 
choroid, with the remainder arising in the ciliary body or the iris. The 
treatment of uveal melanoma is aimed at conserving the eye and use‑
ful vision, and, if possible, preventing metastatic disease. Enucleation 
is now reserved for tumors that are large and/or involve the optic disc, 
having largely been replaced by various forms of radiotherapy (plaque 
brachytherapy, proton beam or stereotactic radiotherapy) and laser ther‑
apy. Whereas iridectomy and iridocyclectomy are widely performed,  
transscleral exoresection of choroidal tumors is performed only in a 
few centers because it requires special skills and hypotensive anesthe‑
sia. Transretinal endoresection using vitrectomy equipment is easier but 
controversial because of concerns about tumor seeding. Long‑term post‑
operative surveillance is necessary to identify and treat local tumor recur‑
rence and any other complications, such as radiation‑induced morbidity, 
and to provide counseling to the patient. Factors predicting metastasis 
include older age, large tumor size, ciliary body involvement, extraocular 
spread, epithelioid cytomorphology, chromosome 3 loss, chromosome 8q 
gain, class 2 gene expression profile, loss of BRCA1‑associated protein‑1 
(BAP1), and the presence of inflammation. Prognostication is enhanced 
by multivariable analysis combining clinical, histologic, and genetic fac‑
tors, also taking the patient’s age and sex into account. As there is a lack 
of options for treating metastases, much research is focused on identify‑
ing potential therapeutic targets. 
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(Asia-Pac J Ophthalmol 2017;6:186–196)

Uveal melanoma (UM) is more common in individu‑
als with fair skin and light‑colored eyes and has an inci‑

dence of approximately 6 per million per year in whites and 
0.38 per million per year in Asians.1 Other predisposing fac‑
tors include benign lesions such as nevus, melanocytosis, 
and melanocytoma, although UM may occasionally develop 
as part of the recently identified BAP1 tumor predisposi‑
tion syndrome, which is the result of a germline mutation in 
the BRCA1‑associated protein‑1 (BAP1) gene.2 Presentation 

of sporadic UM before adulthood is rare and the mean age at 
diagnosis is 60 years in whites,3 whereas it seems to occur at 
a younger age in Asians: a recent study of 171 Chinese cases  
reported a mean age at diagnosis of 49 years4 and an Indian 
study of 103 patients found the median age to be 46 years.5 A 
study in 16 Japanese patients reported a mean age at diagnosis 
of 55 years.6 Both sexes are affected in equal numbers.7,8

Approximately 90% of all uveal melanomas involve the cho‑
roid, with the remainder arising in the ciliary body or iris. With‑
out timely treatment, patients are threatened with visual handicap, 
pain, and facial disfigurement. Despite successful eradication of 
the ocular tumor, up to 50% of patients develop metastatic dis‑
ease, which typically involves the liver and is usually fatal within 
a year of onset of symptoms, as no effective therapies targeting 
metastases yet exist.9 Adjuvant therapies and screening do not 
seem to provide a significant survival benefit and the apparent 
benefit may be due to the earlier detection of metastases in an 
asymptomatic phase (ie, “lead‑time bias”).10,11 

Ocular treatment is aimed at conserving the eye and useful 
vision, and, if possible, preventing metastatic disease.12 Thera‑
peutic modalities include enucleation and various forms of radio‑
therapy, tumor resection, and laser therapy. Ocular and systemic 
outcomes depend on a wide variety of factors. Prognostication 
(see below) is important for individualizing long‑term surveil‑
lance and psychological support. 

The aim of this paper is to describe the current methods of 
treatment and prognostication. 

TREATMENT
An important question is whether ocular treatment of uve‑

al melanoma can prevent metastatic disease. When local treat‑
ment with irradiation became available and enucleation of the 
eye was no longer the only possible treatment, discussions arose 
as to whether irradiation might be associated with higher mor‑
tality. A large study, the Collaborative Ocular Melanoma Study 
(COMS), was conducted in the United States to compare survival 
after enucleation with that after iodine‑125 plaque radiotherapy 
in medium‑sized tumors. The COMS reported no significant sur‑
vival difference between these 2 types of treatment.13 Although 
this conclusion is probably correct, the study lacked statistical 
power because many patients developed metastases so soon after 
treatment that systemic disease must already have been present 
at the time of ocular treatment.14 High‑risk factors for metastasis 
are more common in older patients, possibly suggesting that early 
treatment of the primary tumor prolongs survival in some patients 
with uveal melanoma15; however, further studies are needed ana‑
lyzing cause of death in large numbers of patients with primary 
disease at different stages. The size of the tumor may be of great 
importance in this respect. 
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Radiotherapy
Most patients are treated with radiotherapy, which can  

consist of (a) brachytherapy, (b) proton beam radiotherapy, or (c) 
stereotactic radiotherapy. 

Brachytherapy is delivered with a saucer‑shaped plaque, 
which in most centers contains iodine‑125 or ruthenium‑106. 
These emit gamma and beta radiation, respectively. Ruthenium 
plaques are suitable for tumors not exceeding 5 mm in thick‑
ness, but the application of thermotherapy may help to reduce 
the thickness in some cases.16 Gamma rays have a longer range, 
making it possible to treat thicker tumors, albeit with a greater 
risk of collateral damage to the optic disc, macula, and lens. The 
applicator is sutured to the sclera adjacent to the tumor and re‑
moved after delivering a dose of at least 85 Gy to the tumor apex. 
Conventionally, the size of the plaque is selected so that it physi‑
cally overlaps the entire tumor margin by at least 2 mm. Damato17 
has, however, developed methods for accurately positioning a 
ruthenium plaque eccentrically, with its posterior edge aligned 
with the posterior tumor margin (Figs. 1A, B). Special measures, 
such as intraoperative ultrasonography or transillumination, are 
performed to ensure that the plaque is well positioned in relation 
to the tumor. Notched plaques are used for juxtapapillary tumors, 
accepting the high likelihood of optic neuropathy and visual loss. 
Successful treatment of iris melanoma has been reported with 
customized plaques.18,19 Several authors have reported that local 
tumor control and visual outcome after brachytherapy are best 
with small tumors not extending close to the optic disc and fo‑
vea.20–24 However, many tumors do not fit into this category. The 
American Brachytherapy Society has recently presented guide‑
lines for plaque brachytherapy of choroidal melanoma.25 

Proton beam radiotherapy exploits the phenomenon where‑
by charged particles release ionizing radiation when they stop 
traveling (Bragg peak). This enables high, uniform doses of 
radiation to be delivered to the tumor with relative sparing of 
superficial tissues. The treatment involves (a) insertion of 4 or 
5 tantalum markers at known distances from the tumor mar‑
gins, from each other, and from the limbus; (b) simulation, with  
preparation of treatment plans, a face mask, and dental bite, to  

FiguRE 1. Inferotemporal choroidal melanoma in the right eye of a 60-year-old woman (A) before treatment and (B) after brachytherapy with a 
ruthenium plaque that was placed eccentrically, with its posterior edge aligned with the posterior tumor margin. Because of the proximity of the tumor 
to the fovea, the visual acuity 3 years postoperatively was approximately 20/160 with good peripheral vision.

A B 

ensure correct positioning of the patient’s head; and (c) delivery of 
a dose of approximately 56 Gy, delivered over 4 consecutive days.  
Conventionally, a safety margin of around 2 mm is prescribed, 
unless the tumor extends close to the optic disc, when a nar‑
rower safety margin is used, with the aim of avoiding optic 
neuropathy. With ciliary body tumors and diffuse melanoma, 
wider safety margins are prescribed to reduce the risk of local 
tumor recurrence. Conventionally, proton beam radiotherapy is 
delivered with the eyelids retracted out of the radiation field; 
however, with superior tumors, damage to the upper eyelid 
can occur, with keratinization of the palpebral conjunctiva and 
painful keratitis. To avoid these complications, Damato and as‑
sociates26 have developed a protocol for transpalpebral proton 
beam radiotherapy. Methods for proton beam radiotherapy of 
iris melanoma have been developed, as a means of avoiding the 
need for iridectomy.27–29 As with brachytherapy, the best results 
after proton beam radiotherapy are achieved with small tumors 
not extending close to the optic disc and fovea.30–34

With stereotactic radiotherapy, radiation is directed at the tu‑
mor from multiple directions, either concurrently with the Leksell 
gamma knife, or sequentially with the linear accelerator (LINAC) 
or cyberknife. This provides high doses of radiation to the tumor 
while sparing surrounding tissues. Outcomes have been reported 
by several authors.35–37

Laser Therapy
Laser photocoagulation, with brief shots of high‑energy light, 

is associated with a high recurrence rate. This treatment has been 
superseded by transpupillary thermotherapy (TTT), whereby a  
3‑mm beam of infrared laser is delivered to the tumor to heat it by a 
few degrees for about 1 minute.38,39 As tumor cells in the sclera are 
not always killed,40 this treatment should preferably be accompa‑
nied by a radioactive plaque. Combined treatment of large tumors 
with proton beam therapy and TTT led to a reduced number of 
enucleations.41 However, a recent retrospective study from Leiden, 
where TTT was developed, did not report differences in outcome 
between plaque treatment with and without TTT.42 Some tumors re‑
spond to photodynamic therapy using agents such as verteporfin.43 
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Excision
Exoresection of a tumor in the ciliary body or the choroid 

involves en bloc tumor excision using a lamellar scleral flap 
to close the scleral opening.44 Excision of large tumors is usu‑
ally performed with systemic hypotensive anesthesia to reduce 
hemorrhage. The surgery is demanding so that few authors have 
reported outcomes.45–48 Iridectomy is performed through a lim‑
bal incision, if possible with iridoplasty to reduce photophobia. 
Conventionally, iridocyclectomy is performed in an anteroposte‑
rior direction with mydriasis; however, Damato and associates49 

have found it easier to conserve the iris if the tumor is excised in 
a posteroanterior direction, constricting the pupil before starting 
the resection. Adjunctive radiotherapy is usually administered to 
prevent local tumor recurrence while reducing the need for wide 
safety margins. 

With endoresection, the tumor is removed with a vitreous 
cutter (Figs. 2A, B).44 The procedure involves the following steps: 
(a) total 3‑port vitrectomy; (b) piecemeal tumor removal with a 
25‑gauge vitreous cutter, either through a retinotomy over the tu‑
mor apex or by making a circumferential incision near the ora and 
folding back the retina; (c) endolaser photocoagulation to destroy 
any residual tumor; (d) flattening of the retina, usually with heavy 
liquid, and laser retinopexy; (e) fluid‑silicone exchange; and (f) 
cryotherapy to the sclerotomies. Long‑term outcomes have been 
reported after primary endoresection.50–52 Some authors are con‑
cerned about seeding, preferring to perform this operation only 
after neoadjuvant proton beam or stereotactic radiotherapy.53,54 

The silicone oil is removed after 12 weeks, with lensectomy and 
intraocular lens implantation. 

Enucleation is required in about 20‒40% of patients. De‑
termining factors for this operation include large tumor size, ex‑
tensive involvement of the ciliary body or iris, and proximity to 
the optic disc.55 This operation is performed in a standard fash‑
ion, inserting an orbital implant. Outcomes after nonporous and 
porous implants are similar.56,57 Evisceration is contraindicated. 
Exenteration is required only exceptionally if there is extensive 
orbital invasion. 

Treatment Selection 
The choice of treatment varies greatly between centers ac‑

cording to the therapeutic modalities available, the surgeon’s  

FiguRE 2. Nasal juxtapapillary choroidal melanoma in the right eye of a 52-year-old woman (A) before and (B) after endoresection. Almost 3 years later, 
there was no local recurrence and visual acuity was 20/200. 

A B 

expertise and experience, along with the patient’s needs and con‑
cerns.58 Randomized clinical trials comparing different treatments 
are rare because few centers have a choice of therapy and also 
because the uncertainty required for randomization is lacking in 
most patients. 

In Liverpool, where a wide range of therapeutic modalities 
is available, the first choice of treatment for choroidal and cili‑
ary body melanoma is ruthenium plaque radiotherapy to avoid 
collateral damage to eyelids, canaliculi, and other anterior struc‑
tures. Such brachytherapy is avoided if there is an excessive risk 
of local tumor recurrence because of large tumor size and/or dif‑
ficult tumor location. In such cases, proton beam radiotherapy 
is preferred. If the risk of radiation‑induced optic neuropathy 
is high because the tumor extends close to optic disc, then en‑
doresection is considered, but only if the patient understands 
and accepts the controversial nature of this procedure. If radio‑
therapy is associated with a high risk of toxic tumor syndrome 
(see below), then exoresection may be preferred. Primary trans‑
pupillary thermotherapy or photodynamic therapy is adminis‑
tered only if the tumor is very small and if radiotherapy is likely 
to cause visual loss. 

Treatment is selected in a consensual manner, after discuss‑
ing with the patient all the advantages and disadvantages of each 
therapeutic option. B.D. follows this approach irrespective of the 
patient’s ethnicity but has noticed that patients he has treated from 
Asia have been more highly motivated to retain the eye than Brit‑
ish patients. 

Tumor Harvesting
In patients treated with radiotherapy or laser therapy, the tu‑

mor can be sampled transsclerally or transretinally with a 25‑gauge 
or 27‑gauge needle or vitreous cutter using the transscleral or tran‑
sretinal approach for anterior and posterior tumors, respectively.59 
After local resection or enucleation, a tumor sample is removed 
before the remainder of the specimen is placed in fixative. 

Ocular Surveillance
Patients are usually reviewed 1‒3 days after surgery, then af‑

ter 3‒6 weeks, then every 3‒6 months for a few years, and eventu‑
ally once every year or two. The objectives are to detect and treat 
any side effects or complications and to provide counseling. 
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Local tumor recurrence can be central, marginal, or distant, 
with respect to the original tumor. It is assessed and treated using 
the same principles as the primary tumor. Orbital recurrence after 
enucleation may be treated by removal of all visible tumors with 
adjunctive orbital radiotherapy, resorting to exenteration only if 
these measures fail to achieve local tumor control.

Radiation‑induced vasculopathy within the tumor can cause 
exudation, ischemia, production of angiogenic factors, retinal de‑
tachment, and in severe cases, neovascular glaucoma (ie, “toxic 
tumor syndrome”).60 If mild, this can be treated by intravitreal 
injection of steroids or antiangiogenic agents.61 More severe dis‑
ease requires tumor ablation by laser therapy or excision.12,62 Vi‑
sual loss from macular edema is usually irreversible but may be 
prevented by prophylactic antiangiogenic injections administered 
every 4 months.63 

Radiation‑induced optic neuropathy is essentially untreat‑
able. If recent, this condition indicates a need for monthly review 
for several months, as it predisposes to neovascular complications 
such as vitreous hemorrhage and glaucoma. 

Neovascular glaucoma after radiotherapy can be prevented 
by antiangiogenic agents.61 Once it develops, this complication 
may respond to intracameral injection of antiangiogenic agents 
or by surgical removal of the toxic mass.60 Secondary glaucoma 
caused by diffuse tumor spread along the angle may be treatable 
by drainage surgery but only if the tumor has been sterilized by 
radiotherapy.64,65 Cataract is treated in the usual fashion.

Systemic Surveillance
Systemic surveillance is aimed at detecting metastatic dis‑

ease before this becomes symptomatic. This is in the hope of 
prolonging life by systemic therapy or focal ablation or exci‑
sion, ideally as part of a clinical trial. Surveillance also has psy‑
chological benefit, reassuring patients that any metastatic dis‑
ease is unlikely to develop in the next 6–9 months.66 There is no 
consensus as to which patients should undergo surveillance for 
metastasis, how often examinations should be performed, and 
for how long. 

In many centers, abdominal magnetic resonance imaging 
(MRI) is the preferred method of screening because of its high 
sensitivity and specificity.67 Unlike computerized tomography 
(CT) and positron‑emission tomography (PET) it does not expose 
the patient to cumulative radiation.68 Ultrasonography (US) is less 
expensive and preferred in some centers if performed by an ex‑
perienced examiner and if the patient is lean. Liver function tests 
are insensitive. Chest radiography is only rarely useful as a sur‑
veillance measure because lung metastases usually develop after 
metastases become manifest in the liver. 

PROgNOSTiCATiON

Scope
The objectives of survival prognostication are (a) to avoid 

unnecessary systemic investigations in patients with a good 
prognosis and (b) to identify patients at high risk of metastatic 
disease so that they can prepare themselves and their family for 
any eventuality, and also so that they can receive systemic adju‑
vant therapy (ideally as part of a clinical trial) and/or treatment 
for overt metastases as early as possible. Although a good prog‑
nosis would be expected to enhance patients’ well‑being, such a 

benefit does not necessarily occur.69,70

Risk Factors
The risk of metastatic disease is estimated according to  

demographic, anatomic, histologic, and genetic predictors.71 
With choroidal and ciliary body tumors, anatomic predic‑

tors include largest basal tumor diameter, tumor thickness, cili‑
ary body involvement, and extraocular spread.72–74 We analyzed 
the relation between several of these markers and prognosis in 
the Leiden cohort, which includes data on a series of 631 pa‑
tients with uveal melanoma who underwent primary enucleation 
between 1983 and 2014. The mean follow‑up time of the cohort 
was 7.4 years. In keeping with the existing literature, up to 50% 
of our patients eventually died from metastasis approximately 
20 years after enucleation (Fig. 3A). No sex difference in sur‑
vival was found (Fig. 3B), but patients under 60 showed a bet‑
ter survival than those over 60 (Fig. 3C) (P < 0.001). Largest 
tumor diameter and tumor thickness were analyzed according 
to the COMS and American Joint Committee on Cancer (AJCC) 
classifications.75–77 Patient survival worsens with increasing 
COMS and AJCC stage (both P < 0.001) and is most unfavor‑
able when tumors are “large” according to COMS (Fig. 3D) or 
AJCC Stage III (Fig. 3E). The AJCC staging system classifies 
tumors based on the tumor size, localization of the tumor in the 
ciliary body, and extraocular growth of the tumor. Although the 
COMS classification only utilizes tumor size, ciliary body in‑
volvement and extraocular growth of the tumor are also strongly 
associated with poor survival when evaluated separately (both 
P < 0.001) (Figs. 4A, B). The AJCC staging system therefore 
provides more precise prognostication, which is especially use‑
ful when a prognostic biopsy is not performed. This is the case 
in many centers. 

With iris melanoma, the chances of metastasis are greater in 
patients with angle involvement and raised intraocular pressure.78 
This is probably because these features are associated with dif‑
fuse tumor growth. 

In choroidal melanoma, histologic predictors include pres‑
ence of epithelioid melanoma cells, closed loops as vascular 
mimicry patterns,79 presence of macrophages and lymphocytes, 
increased HLA expression, high microvascular density, high mi‑
totic count, and loss of nuclear immunostaining for BAP1 pro‑
tein.80–86 We analyzed the effect of cell type and mitotic count 
on survival in the Leiden cohort: the prognosis of tumors of the 
mixed and epithelioid cell type was comparable and worse than 
the outcome of cases with a spindle‑cell type (P < 0.001) (Fig. 
4C). When using 5 mitoses per 40 high‑power fields as a cut‑off, 
we observed that tumors with a mitotic count equal to or higher 
than 5 had a more unfavorable prognosis (P < 0.001, Fig. 4D). 

Genetic predictors for metastasis include chromosome 3 
deletion (partial or total), the prognostically unfavorable class 2 
gene expression profile, BAP1 loss, chromosome 8q gain, chro‑
mosome 1p loss, and chromosome 9q loss.87–92 The presence of an 
SF3B1 (splicing factor 3b subunit 1) mutation is associated with 
late‑onset metastases. A class 1 gene expression profile, chromo‑
some 6p gain, and the presence of an EIF1AX (eukaryotic transla‑
tion initiation factor 1A, X‑linked) mutation are associated with 
a good prognosis.93–97 

As new therapeutic modalities are related to immune responses, 
it is important to combine prognostication with information on the 
potential development of immune responses. In uveal melanoma,  
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FiguRE 3. Kaplan-Meier survival curves of a Leiden cohort of 631 primary enucleated UMs. Overall survival (A) and the effect of sex (B), age at 
enucleation (C), COMS classification (D), and AJCC Stage (E) are shown. 

loss of one chromosome 3 is associated with the presence of an 
increased number of intratumoral macrophages and T cells.85,98 
When metastases resemble their primary tumor immunologically, 
it may be that those also show an association between increased 
numbers of intratumoral T cells and macrophages and monosomy 
3. Such metastases may then be the ones that may be responsive 
to immunotherapy with immune checkpoint inhibitors.99 

Laboratory Techniques
A wide variety of methods are being used for genetic analy‑

sis of uveal melanoma.94,100–102 A comprehensive review of these 
methods is beyond the scope of this article and thus only a few are 
mentioned here. When one performs a biopsy, it is important to 
know that a tumor may be heterogeneous so that a specific marker 
may be expressed only in 1 area of the tumor.103 Fluorescence 
in‑situ hybridization (FISH) provides limited information, fail‑
ing to detect all chromosome aberrations.104 Multiplex ligation‑
dependent probe amplification (MLPA) provides information on 
chromosomes 1, 3, 6, and 8 and is therefore more informative 

than FISH with a few probes.105 In addition, MLPA can be per‑
formed successfully on biopsy samples obtained after radiother‑
apy.106 Several types of chromosome testing are less successful 
on samples taken after secondary enucleation.107 Gene expression 
profiling analyzes the expression patterns of mRNA, categorizing 
tumors as class 1 and class 2,108,109 and is also successful with very 
small specimens; however, metastatic death has been reported in 
some patients with class 1 tumors so that class 1 tumors are now 
subcategorized into class 1A and class 1B based on the differen‑
tial expression of a marker, PRAME.110 The 5‑year metastatic risk 
of class 1A tumors is 2%, whereas this number is 21% for class 
1B PRAME‑positive cases.91 Next‑generation sequencing is a 
new and effective approach to determine the presence of chromo‑
some aberrations and mutations.94 Next‑generation sequencing 
of more than 70 uveal melanoma at the University of California, 
San Francisco shows good correlations with accepted metastasis 
predictors, but survival studies are still in progress (The Cancer 
Genome Atlas project, unpublished data, 2017; Afshar, Bastian, 
Damato, et al, unpublished data, 2017). 
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FiguRE 4. Kaplan-Meier survival curves depicting the effect of ciliary body involvement (A), extraocular growth (B), cell type (C), and mitotic count (D). 

Statistical Methods
Until recently, survival prognostication was mostly based on 

anatomic factors. The COMS categorization has generally been 
superseded by the tumor, node, metastasis (TNM) staging sys‑
tem of the AJCC.77,111 These methods provide only an approxi‑
mate prognosis based on size and are mostly relevant to groups 
of patients. 

In a growing number of centers, prognostication is based 
on genetic tumor typing, using the methods described above. We 
analyzed the relation between chromosome 3 and 8q status and 
prognosis in the Leiden cohort (Fig. 5). The chromosome 3 sta‑
tus was determined in 311 patients, whereas the chromosome 8q 
status was known in 273 tumors. We confirmed the association of 
monosomy 3 and chromosome 8q gain with poor survival (both  
P < 0.001; Figs. 5A, B). Combining information on chromosome 
3 and 8q status results in additional stratification of the prognosis. 

Monosomy 3 tumors with additional chromosome 8q gain have 
a worse prognosis than those without a gain of chromosome 8q  
(P < 0.001; Fig. 5C). No significant effect on survival was ob‑
served in the Leiden cohort when chromosome 8q status was 
evaluated in tumors without monosomy 3 (Fig. 5D). 

However, such genetic analyses only determine whether the 
uveal melanoma is lethal. In 2007, Damato and colleagues104 in 
Liverpool improved survival prognostication by combining in‑
formation on the genetic tumor type with tumor diameter and 
melanoma cell type. Since then, others have confirmed the value 
of combining genetic studies with other survival predictors, such 
as tumor size.112 Adding information on the tumor’s chromosome 
status to the categorization of tumor size, location, and extraocu‑
lar extension as used by the AJCC improves the prognostication 
value of both.113 We analyzed the value of combining these prog‑
nostic parameters in the Leiden enucleation cohort (Figs. 5E, F). 

www.apjo.org | �9�

Uveal MelanomaAsia-Pacific Journal of Ophthalmology • Volume 6, Number 2, March/April 2017

© 2017 Asia-Pacific Academy of Ophthalmology

Copyright © 2017 Asia-Pacific Academy of Ophthalmology. Unauthorized reproduction of this article is prohibited.



FiguRE 5. Kaplan-Meier survival curves showing the effect of chromosome status and AJCC stage. Chromosome 3 status (A), chromosome 8q status (B), 
chromosome 8q status in monosomy 3 cases (C), chromosome 8q status in tumors without monosomy 3 (D), AJCC stage in monosomy 3 cases (E), and 
AJCC stage in tumors without monosomy 3 (F) are depicted. 

In monosomy 3 tumors, AJCC stage III tumors have the worst 
prognosis, whereas the outcome is comparable for stage I and 
stage II cases (P < 0.001; Fig. 5E). No significant additional strat‑
ification of survival was observed in cases without monosomy 3 
(Fig. 5F).113 

Damato and associates114,115 have developed and validated 
the Liverpool Uveal Melanoma Prognosticator Online (LUMPO), 
which analyzes anatomic, histologic, and/or genetic predictors, 
also taking into account the patient’s age and sex (Fig. 6). This 
online system allows one to obtain the patient’s individual prog‑
nostic chances (www.ocularmelanomaonline.org). Thanks to 
these advances, prognostication is now accurate enough to be  
relevant to individual patients. 

CONCLuSiONS
The treatment of uveal melanoma has improved so that it is 

often possible to conserve the eye. The visual outcome depends 
on tumor size and proximity to the optic nerve and fovea. It is 
not known whether ocular treatment ever prolongs survival and 
if so in whom. Uveal melanoma are less responsive to systemic 
therapy than cutaneous melanoma, and therapies need to be de‑
veloped to treat metastases effectively. There is, nevertheless, 
much scope for estimating survival probability. The accuracy of 
such prognostication has improved thanks to genetic tumor typ‑
ing, especially when multivariable analysis is performed combin‑
ing anatomic, histologic, and genetic factors and also considering 
age and sex. 
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FiguRE 6. Screen capture showing LUMPO, which combines TNM stage with monosomy 3, melanoma cytomorphology, closed loops, mitotic count, age 
at treatment, and sex. 

REFERENCES
Hu DN, Yu GP, McCormick SA, et al. Population‑based incidence of uveal 
melanoma in various races and ethnic groups. Am J Ophthalmol. 2005; 140: 
612‒617.
Abdel‑Rahman MH, Pilarski R, Cebulla CM, et al. Germline BAP1 mutation 
predisposes to uveal melanoma, lung adenocarcinoma, meningioma, and 
other cancers. J Med Genet. 2011;48:856‒859.
Singh AD, Topham A. Incidence of uveal melanoma in the United States: 
1973‑1997. Ophthalmology. 2003;110:956‒961.
Yue H, Qian J, Yuan Y, et al. Clinicopathological characteristics and 
prognosis for survival after enucleation of uveal melanoma in Chinese 
patients: long‑term follow‑up. Curr Eye Res. 2016;1‒7.
Biswas J, Kabra S, Krishnakumar S, et al. Clinical and histopathological 
characteristics of uveal melanoma in Asian Indians. A study of 103 patients. 
Indian J Ophthalmol. 2004;52:41‒44.
Sakamoto T, Sakamoto M, Yoshikawa H, et al. Histologic findings and 
prognosis of uveal malignant melanoma in Japanese patients. Am J 
Ophthalmol. 1996;121:276‒283.
Damato BE, Coupland SE. Differences in uveal melanomas between men 
and women from the British Isles. Eye (Lond). 2012;26:292‒299.
Mahendraraj K, Shrestha S, Lau CS, et al. Ocular melanoma‑when you 
have seen one, you have not seen them all: a clinical outcome study 
from the Surveillance, Epidemiology and End Results (SEER) database 
(1973–2012). Clin Ophthalmol. 2017;11:153‒160.
Kujala E, Mäkitie T, Kivelä T. Very long‑term prognosis of patients 
with malignant uveal melanoma. Invest Ophthalmol Vis Sci. 2003;44: 

1.

2.

3.

4.

5.

6.

7.

8.

9.

4651‒4659.
Choudhary MM, Triozzi PL, Singh AD. Uveal melanoma: evidence for 
adjuvant therapy. Int Ophthalmol Clin. 2015;55:45‒51.
Augsburger JJ, Corrêa ZM, Trichopoulos N. Surveillance testing for 
metastasis from primary uveal melanoma and effect on patient survival. Am 
J Ophthalmol. 2011;152:5‒9.e1.
Damato B. Progress in the management of patients with uveal melanoma. 
The 2012 Ashton Lecture. Eye (Lond). 2012;26:1157‒1172.
Collaborative Ocular Melanoma Study Group. 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;124:1684‒1693.
Damato B. Legacy of the Collaborative Ocular Melanoma Study. Arch 
Ophthalmol. 2007;125:966‒968.
Damato BE, Heimann H, Kalirai H, et al. Age, survival predictors, and 
metastatic death in patients with choroidal melanoma: tentative evidence of 
a therapeutic effect on survival. JAMA Ophthalmol. 2014;132:605‒613.
Bartlema YM, Oosterhuis JA, Journée‑De Korver JG, et al. Combined 
plaque radiotherapy and transpupillary thermotherapy in choroidal 
melanoma: 5 years’ experience. Br J Ophthalmol. 2003;87:1370‒1373.
Russo A, Laguardia M, Damato B. Eccentric ruthenium plaque 
radiotherapy of posterior choroidal melanoma. Graefes Arch Clin Exp 
Ophthalmol. 2012; 250:1533‒1540.
Shields CL, Shah SU, Bianciotto CG, et al. Iris melanoma management 
with iodine‑125 plaque radiotherapy in 144 patients: impact of melanoma‑
related glaucoma on outcomes. Ophthalmology. 2013;120:55‒61.

10.

11.

12.

13.

14.

15.

16.

17.

18.

www.apjo.org | �93

Uveal MelanomaAsia-Pacific Journal of Ophthalmology • Volume 6, Number 2, March/April 2017

© 2017 Asia-Pacific Academy of Ophthalmology

Copyright © 2017 Asia-Pacific Academy of Ophthalmology. Unauthorized reproduction of this article is prohibited.



Semenova E, Finger PT. Palladium‑103 radiation therapy for small 
choroidal melanoma. Ophthalmology. 2013;120:2353‒2357.
Damato B, Patel I, Campbell IR, et al. Visual acuity after ruthenium(106) 
brachytherapy of choroidal melanomas. Int J Radiat Oncol Biol Phys. 2005; 
63:392‒400.
Damato B, Patel I, Campbell IR, et al. Local tumor control after 106Ru 
brachytherapy of choroidal melanoma. Int J Radiat Oncol Biol Phys. 2005; 
63:385‒391.
Sagoo MS, Shields CL, Emrich J, et al. Plaque radiotherapy for juxtapapillary 
choroidal melanoma: treatment complications and visual outcomes in 650 
consecutive cases. JAMA Ophthalmol. 2014;132:697‒702.
Shields CL, Naseripour M, Cater J, et al. Plaque radiotherapy for large 
posterior uveal melanomas (> or =8‑mm thick) in 354 consecutive patients. 
Ophthalmology. 2002;109:1838‒1849.
Shields CL, Shields JA, Cater J, et al. Plaque radiotherapy for uveal 
melanoma: long‑term visual outcome in 1106 consecutive patients. Arch 
Ophthalmol. 2000;118:1219‒1228.
American Brachytherapy Society ‑ Ophthalmic Oncology Task Force. 
The American Brachytherapy Society consensus guidelines for plaque 
brachytherapy of uveal melanoma and retinoblastoma. Brachytherapy. 
2014;13:1‒14.
Konstantinidis L, Roberts D, Errington RD, et al. Transpalpebral proton 
beam radiotherapy of choroidal melanoma. Br J Ophthalmol. 2015;99: 
232‒235.
Damato B, Kacperek A, Chopra M, et al. Proton beam radiotherapy of iris 
melanoma. Int J Radiat Oncol Biol Phys. 2005;63:109‒115.
Konstantinidis L, Roberts D, Errington RD, et al. Whole anterior segment 
proton beam radiotherapy for diffuse iris melanoma. Br J Ophthalmol. 
2013;97:471‒474.
Lumbroso‑Le Rouic L, Delacroix S, Dendale R, et al. Proton beam therapy 
for iris melanomas. Eye (Lond). 2006;20:1300‒1305.
Damato B, Kacperek A, Chopra M, et al. Proton beam radiotherapy of 
choroidal melanoma: the Liverpool‑Clatterbridge experience. Int J Radiat 
Oncol Biol Phys. 2005;62:1405‒1411.
Kamran SC, Collier JM, Lane AM, et al. Outcomes of proton therapy for 
the treatment of uveal metastases. Int J Radiat Oncol Biol Phys. 2014;90: 
1044‒1050.
Egger E, Zografos L, Schalenbourg A, et al. Eye retention after proton 
beam radiotherapy for uveal melanoma. Int J Radiat Oncol Biol Phys. 
2003;55:867‒880.
Desjardins L, Lumbroso‑Le Rouic L, Levy‑Gabriel C, et al. Treatment of 
uveal melanoma by accelerated proton beam. Dev Ophthalmol. 2012;49: 
41‒57.
Mishra KK, Daftari IK. Proton therapy for the management of uveal 
melanoma and other ocular tumors. Chin Clin Oncol. 2016;5:50.
Dunavoelgyi R, Zehetmayer M, Gleiss A, et al. Hypofractionated 
stereotactic photon radiotherapy of posteriorly located choroidal melanoma 
with five fractions at ten Gy‑‑clinical results after six years of experience. 
Radiother Oncol. 2013;108:342‒347.
Joye RP, Williams LB, Chan MD, et al. Local control and results of Leksell 
gamma knife therapy for the treatment of uveal melanoma. Ophthalmic 
Surg Lasers Imaging Retina. 2014;45:125‒131.
Krema H, Heydarian M, Beiki‑Ardakani A, et al. A comparison between 
(1)(2)(5)Iodine brachytherapy and stereotactic radiotherapy in the 
management of juxtapapillary choroidal melanoma. Br J Ophthalmol. 2013; 
97:327‒332.
Oosterhuis JA, Journée‑de Korver HG, Keunen JE. Transpupillary 
thermotherapy: results in 50 patients with choroidal melanoma. Arch 
Ophthalmol. 1998;116:157‒162.
Mashayekhi A, Shields CL, Rishi P, et al. Primary transpupillary 

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

thermotherapy for choroidal melanoma in 391 cases: importance of risk 
factors in tumor control. Ophthalmology. 2015;122:600‒609.
Journée‑de Korver JG, Oosterhuis JA, de Wolff‑Rouendaal D, et al.  
Histopathological findings in human choroidal melanomas after 
transpupillary thermotherapy. Br J Ophthalmol. 1997;81:234‒239.
Desjardins L, Lumbroso‑Le Rouic L, Levy‑Gabriel C, et al. Combined 
proton beam radiotherapy and transpupillary thermotherapy for large uveal 
melanomas: a randomized study of 151 patients. Ophthalmic Res. 2006;38: 
255‒260.
Marinkovic M, Horeweg N, Fiocco M, et al. Ruthenium‑106 brachytherapy 
for choroidal melanoma without transpupillary thermotherapy: similar 
efficacy with improved visual outcome. Eur J Cancer. 2016;68:106‒113.
Campbell WG, Pejnovic TM. Treatment of amelanotic choroidal melanoma 
with photodynamic therapy. Retina. 2012;32:1356‒1362.
Damato BE, Groenewald C, Foulds WS. Surgical resection of choroidal 
melanoma. In: Ryan SJ, ed. Retina. London: Elsevier; 2013:2298‒2306.
Damato BE, Paul J, Foulds WS. Predictive factors of visual outcome after 
local resection of choroidal melanoma. Br J Ophthalmol. 1993;77:616‒623.
Damato BE, Paul J, Foulds WS. Risk factors for residual and recurrent 
uveal melanoma after trans‑scleral local resection. Br J Ophthalmol. 1996; 
80:102‒108.
Peyman GA, Gremillion CM. Eye wall resection in the management of 
uveal neoplasms. Jpn J Ophthalmol. 1989;33:458‒471.
Shields JA, Shields CL, Shah P, et al. Partial lamellar sclerouvectomy for 
ciliary body and choroidal tumors. Ophthalmology. 1991;98:971‒983.
Rospond‑Kubiak I, Damato B. The surgical approach to the management of 
anterior uveal melanomas. Eye (Lond). 2014;28:741‒747.
Konstantinidis L, Groenewald C, Coupland SE, et al. Long‑term outcome 
of primary endoresection of choroidal melanoma. Br J Ophthalmol. 2014; 
98:82‒85.
Caminal JM, Mejia K, Masuet‑Aumatell C, et al. Endoresection versus 
iodine‑125 plaque brachytherapy for the treatment of choroidal melanoma. 
Am J Ophthalmol. 2013;156:334‒342.e1.
Kertes PJ, Johnson JC, Peyman GA. Internal resection of posterior uveal 
melanomas. Br J Ophthalmol. 1998;82:1147‒1153.
Bechrakis NE, Foerster MH. Neoadjuvant proton beam radiotherapy 
combined with subsequent endoresection of choroidal melanomas. Int 
Ophthalmol Clin. 2006;46:95‒107.
Biewald E, Lautner H, Gök M, et al. Endoresection of large uveal 
melanomas: clinical results in a consecutive series of 200 cases. Br J 
Ophthalmol. 2017;101:204‒208.
Damato B, Lecuona K. Conservation of eyes with choroidal melanoma 
by a multimodality approach to treatment: an audit of 1632 patients. 
Ophthalmology. 2004;111:977‑83.
Ho VW, Hussain RN, Czanner G, et al. Porous versus nonporous orbital 
implants after enucleation for uveal melanoma: a randomized study. 
Ophthal Plast Reconstr Surg. November 17, 2016. [Epub ahead of print].
Jongman HP, Marinkovic M, Notting I, et al. Donor sclera‑wrapped acrylic 
orbital implants following enucleation: experience in 179 patients in the 
Netherlands. Acta Ophthalmol. 2016;94:253‒256.
Damato B, Heimann H. Personalized treatment of uveal melanoma. Eye 
(Lond). 2013;27:172‒179.
Sen J, Groenewald C, Hiscott PS, et al. Transretinal choroidal tumor biopsy 
with a 25‑gauge vitrector. Ophthalmology. 2006;113:1028‒1031.
Damato B. Vasculopathy after treatment of choroidal melanoma. In: 
Joussen A, Gardner TW, Kirchhof B, et al, eds. Retinal Vascular Disease. 
Berlin: Springer; 2007:582‒591.
Mantel I, Schalenbourg A, Bergin C, et al. Prophylactic use of bevacizumab 
to avoid anterior segment neovascularization following proton therapy for 
uveal melanoma. Am J Ophthalmol. 2014;158:693‒701.e2.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

�94 | www.apjo.org

Dogrusöz et al Asia-Pacific Journal of Ophthalmology • Volume 6, Number 2, March/April 2017

Copyright © 2017 Asia-Pacific Academy of Ophthalmology. Unauthorized reproduction of this article is prohibited.

© 2017 Asia-Pacific Academy of Ophthalmology



Konstantinidis L, Groenewald C, Coupland SE, et al. Trans‑scleral local 
resection of toxic choroidal melanoma after proton beam radiotherapy. Br J 
Ophthalmol. 2014;98:775‒779.
Shah SU, Shields CL, Bianciotto CG, et al. Intravitreal bevacizumab at 4‑
month intervals for prevention of macular edema after plaque radiotherapy 
of uveal melanoma. Ophthalmology. 2014;121:269‒275.
Tan AN, Hoevenaars JG, Webers CA, et al. Baerveldt implant for secondary 
glaucoma due to iris melanoma. Clin Ophthalmol. 2010;4:407‒409. 
Sharkawi E, Oleszczuk JD, Bergin C, et al. Baerveldt shunts in the 
treatment of glaucoma secondary to anterior uveal melanoma and proton 
beam radiotherapy. Br J Ophthalmol. 2012;96:1104–1107.
Cook SA, Damato B, Marshall E, et al. Reconciling the principle of patient 
autonomy with the practice of informed consent: decision‑making about 
prognostication in uveal melanoma. Health Expect. 2011;14:383‒396.
Marshall E, Romaniuk C, Ghaneh P, et al. MRI in the detection of hepatic 
metastases from high‑risk uveal melanoma: a prospective study in 188 
patients. Br J Ophthalmol. 2013;97:159‒163.
Wen JC, Sai V, Straatsma BR, et al. Radiation‑related cancer risk associated 
with surveillance imaging for metastasis from choroidal melanoma. JAMA 
Ophthalmol. 2013;131:56‒61.
Hope‑Stone L, Brown SL, Heimann H, et al. How do patients with uveal 
melanoma experience and manage uncertainty? A qualitative study. 
Psychooncology. 2015;24:1485‒1491.
Cook SA, Damato B, Marshall E, et al. Psychological aspects of cytogenetic 
testing of uveal melanoma: preliminary findings and directions for future 
research. Eye (Lond). 2009;23:581‒585.
Damato B, Eleuteri A, Taktak AF, et al. Estimating prognosis for survival 
after treatment of choroidal melanoma. Prog Retin Eye Res. 2011;30: 
285‒295.
Damato B, Coupland SE. A reappraisal of the significance of largest basal 
diameter of posterior uveal melanoma. Eye (Lond). 2009;23:2152‒2160; 
quiz 2161–2162.
Coupland SE, Campbell I, Damato B. Routes of extraocular extension of  
uveal melanoma: risk factors and influence on survival probability. 
Ophthalmology. 2008;115:1778‒1785.
Shields CL, Furuta M, Thangappan A, et al. Metastasis of uveal melanoma 
millimeter‑by‑millimeter in 8033 consecutive eyes. Arch Ophthalmol. 
2009;127:989‒998.
Margo CE. The Collaborative Ocular Melanoma Study: an overview. 
Cancer Control. 2004;11:304‒309.
Malignant melanoma of the uvea. In: Edge S, Byrd DR, Compton CC, et al, 
eds. AJCC Cancer Staging Manual. New York: Springer; 2010:547‒559.
Kujala E, Damato B, Coupland SE, et al. Staging of ciliary body and 
choroidal melanomas based on anatomic extent. J Clin Oncol. 2013;31: 
2825‒2831.
Shields CL, Shields JA, Materin M, et al. Iris melanoma: risk factors for 
metastasis in 169 consecutive patients. Ophthalmology. 2001;108:172‒178.
Mehaffey MG, Gardner LM, Folberg R. Distribution of prognostically 
important vascular patterns across multiple levels in ciliary body and 
choroidal melanomas. Am J Ophthalmol. 1998;126:373‒378.
McLean IW, Foster WD, Zimmerman LE, et al. Modifications of 
Callender’s classification of uveal melanoma at the Armed Forces Institute 
of Pathology. Am J Ophthalmol. 1983;96:502‒509.
Blom DJ, Schurmans LR, De Waard‑Siebinga I, et al. HLA expression in 
a primary uveal melanoma, its cell line, and four of its metastases. Br J 
Ophthalmol. 1997;81:989‒993.
Mäkitie T, Summanen P, Tarkkanen A, et al. Tumor‑infiltrating macrophages 
(CD68(+) cells) and prognosis in malignant uveal melanoma. Invest 
Ophthalmol Vis Sci. 2001;42:1414‒1421.
Folberg R, Maniotis AJ. Vasculogenic mimicry. APMIS. 2004;112:508‒525.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Ly LV, Odish OF, Wolff‑Rouendaal D, et al. Intravascular presence of 
tumor cells as prognostic parameter in uveal melanoma: a 35‑year survey. 
Invest Ophthalmol Vis Sci. 2010;51:658‒665.
Bronkhorst IH, Vu TH, Jordanova ES, et al. Different subsets of tumor‑
infiltrating lymphocytes correlate with macrophage influx and monosomy 3 
in uveal melanoma. Invest Ophthalmol Vis Sci. 2012;53:5370‒5378.
Kalirai H, Dodson A, Faqir S, et al. Lack of BAP1 protein expression in 
uveal melanoma is associated with increased metastatic risk and has utility 
in routine prognostic testing. Br J Cancer. 2014;111:1373‒1380.
Prescher G, Bornfeld N, Hirche H, et al. Prognostic implications of 
monosomy 3 in uveal melanoma. Lancet. 1996;347:1222‒1225.
Scholes AG, Damato BE, Nunn J, et al. Monosomy 3 in uveal melanoma: 
correlation with clinical and histologic predictors of survival. Invest 
Ophthalmol Vis Sci. 2003;44:1008‒1011.
Field MG, Decatur CL, Kurtenbach S, et al. PRAME as an independent 
biomarker for metastasis in uveal melanoma. Clin Cancer Res. 2016;22: 
1234‒1242.
van Essen TH, van Pelt SI, Versluis M, et al. Prognostic parameters in uveal 
melanoma and their association with BAP1 expression. Br J Ophthalmol. 
2014;98:1738‒1743.
Field MG, Harbour JW. Recent developments in prognostic and predictive 
testing in uveal melanoma. Curr Opin Ophthalmol. 2014;25:234‒239.
Harbour JW, Onken MD, Roberson ED, et al. Frequent mutation of BAP1 
in metastasizing uveal melanomas. Science. 2010;330:1410‒1413.
Decatur CL, Ong E, Garg N, et al. Driver mutations in uveal melanoma: 
associations with gene expression profile and patient outcomes. JAMA 
Ophthalmol. 2016;134:728‒733.
Royer‑Bertrand B, Torsello M, Rimoldi D, et al. Comprehensive genetic 
landscape of uveal melanoma by whole‑genome sequencing. Am J Hum 
Genet. 2016;99:1190‒1198.
Parrella P, Sidransky D, Merbs SL. Allelotype of posterior uveal melanoma: 
implications for a bifurcated tumor progression pathway. Cancer Res. 1999; 
59:3032‒3037.
White VA, Chambers JD, Courtright PD, et al. Correlation of cytogenetic 
abnormalities with the outcome of patients with uveal melanoma. Cancer. 
1998;83:354‒359.
Yavuzyigitoglu S, Koopmans AE, Verdijk RM, et al. Uveal melanomas with 
SF3B1 mutations: a distinct subclass associated with late‑onset metastases. 
Ophthalmology. 2016;123:1118‒1128.
Maat W, Ly LV, Jordanova ES, et al. Monosomy of chromosome 3 and an  
inflammatory phenotype occur together in uveal melanoma. Invest 
Ophthalmol Vis Sci. 2008;49:505‒510.
Sharma P, Allison JP. The future of immune checkpoint therapy. Science. 
2015;348:56‒61.
Coupland SE, Lake SL, Zeschnigk M, et al. Molecular pathology of uveal 
melanoma. Eye (Lond). 2013;27:230‒242.
Ganguly A, Richards‑Yutz J, Ewens KG. Molecular karyotyping for 
detection of prognostic markers in fine needle aspiration biopsy samples of 
uveal melanoma. Methods Mol Biol. 2014;1102:441‒458.
Cassoux N, Rodrigues MJ, Plancher C, et al. Genome‑wide profiling is a  
clinically relevant and affordable prognostic test in posterior uveal 
melanoma. Br J Ophthalmol. 2014;98:769‒774.
Maat W, Jordanova ES, van Zelderen‑Bhola SL, et al. The heterogeneous 
distribution of monosomy 3 in uveal melanomas: implications for 
prognostication based on fine‑needle aspiration biopsies. Arch Pathol Lab 
Med. 2007;131:91‒96.
Damato B, Duke C, Coupland SE, et al. Cytogenetics of uveal melanoma: a 
7‑year clinical experience. Ophthalmology. 2007;114:1925‒1931.
Damato B, Dopierala JA, Coupland SE. Genotypic profiling of 452  
choroidal melanomas with multiplex ligation‑dependent probe 

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Uveal MelanomaAsia-Pacific Journal of Ophthalmology • Volume 6, Number 2, March/April 2017

www.apjo.org | �95© 2017 Asia-Pacific Academy of Ophthalmology

Copyright © 2017 Asia-Pacific Academy of Ophthalmology. Unauthorized reproduction of this article is prohibited.



amplification. Clin Cancer Res. 2010;16:6083‒6092.
Hussain RN, Kalirai H, Groenewald C, et al. Prognostic biopsy of 
choroidal melanoma after proton beam radiation therapy. Ophthalmology. 
2016;123:2264‒2265.
Dogrusöz M, Kroes WG, van Duinen SG, et al. Radiation treatment 
affects chromosome testing in uveal melanoma. Invest Ophthalmol Vis Sci. 
2015;56:5956‒5964.
Tschentscher F, Hüsing J, Hölter T, et al. Tumor classification based on gene  
expression profiling shows that uveal melanomas with and without monosomy 
3 represent two distinct entities. Cancer Res. 2003;63:2578‒2584.
Onken MD, Worley LA, Ehlers JP, et al. Gene expression profiling in uveal 
melanoma reveals two molecular classes and predicts metastatic death. 
Cancer Res. 2004;64:7205‒7209.
Field MG, Durante MA, Decatur CL, et al. Epigenetic reprogramming and 
aberrant expression of PRAME are associated with increased metastatic risk 
in class 1 and class 2 uveal melanomas. Oncotarget. 2016;7:59209‒59219.

106.

107.

108.

109.

110.

AJCC Ophthalmic Oncology Task Force. International validation of the 
American Joint Committee on Cancer’s 7th edition classification of uveal 
melanoma. JAMA Ophthalmol. 2015;133:376‒383.
Walter SD, Chao DL, Feuer W, et al. Prognostic implications of tumor 
diameter in association with gene expression profile for uveal melanoma. 
JAMA Ophthalmol. 2016;134:734‒740.
Dogrusöz M, Bagger M, van Duinen SG, et al. The prognostic value of 
AJCC staging in uveal melanoma is enhanced by adding chromosome 3 
and 8q status. Invest Ophthalmol Vis Sci. 2017;58:833‒842.
Eleuteri A, Damato B, Coupland SE, et al. Enhancing survival 
prognostication in patients with choroidal melanoma by integrating 
pathologic, clinical and genetic predictors of metastasis. IJBET. 2012;8: 
18‒35.
DeParis SW, Taktak A, Eleuteri A, et al. External validation of the 
Liverpool Uveal Melanoma Prognosticator Online. Invest Ophthalmol Vis 
Sci. 2016;57:6116‒6122.

111.

112.

113.

114.

115.

�96 | www.apjo.org

Copyright © 2017 Asia-Pacific Academy of Ophthalmology. Unauthorized reproduction of this article is prohibited.

© 2017 Asia-Pacific Academy of Ophthalmology

Asia-Pacific Journal of Ophthalmology • Volume 6, Number 2, March/April 2017Dogrusöz et al


