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Abstract 

Uveal melanoma (UM), the most common primary intraocular malignancy in adults, poses significant challenges due to its aggressive nature and potential for 

metastasis, particularly to the liver. This review provides a comprehensive overview of the current management strategies for uveal melanoma, encompassing 

diagnostic advancements, therapeutic modalities, and emerging approaches. Early detection remains pivotal, with imaging techniques playing a critical role. 

Standard treatments such as enucleation, radiotherapy (including plaque brachytherapy and proton beam therapy), and laser therapies aim to balance tumor 

control with vision preservation. The limitations of systemic therapies and the unique biology of UM have led to the exploration of targeted therapies and 

immunotherapies. Agents such as selumetinib, tebentafusp, and immune checkpoint inhibitors show promise but face challenges in efficacy and patient 

selection. Despite these advances, there remains an unmet need for more effective systemic therapies and strategies to overcome treatment resistance. Emerging 

therapies, including combination regimens and next-generation immunotherapies, are under investigation, aiming to improve survival outcomes. Furthermore, 

adjuvant therapies and genetic profiling are shaping personalized medicine approaches, highlighting the importance of GNAQ, GNA11, and BAP1 mutations 

in prognosis and treatment decisions. Future research should focus on refining these strategies, addressing resistance mechanisms, and exploring the integration 

of liquid biopsy techniques for real-time monitoring. This review also addresses the role of surveillance strategies in detecting metastases and improving 

overall outcomes. By integrating current evidence and clinical advancements, this article aims to provide insights into optimizing the management of uveal 

melanoma and identifying avenues for future research. By identifying key gaps and potential breakthroughs, this article provides insights into optimizing the 

management of uveal melanoma and guiding future research directions. 
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1. Introduction 

Melanocytes in the eye give rise to the extremely aggressive 

malignancy known as uveal melanoma (UM). It is the most 

prevalent primary intraocular tumour in adults and is made 

up of the pigmented tissues of the iris (found in the anterior 

chamber of the eye), ciliary body, and choroid.1 Choroidal 

melanomas, originating in the vascular choroid layer between 

the retina and sclera, make up 85%–90% of UM. On the other 

hand, melanomas of the ciliary body and iris are less frequent, 

occurring in 9% to 15% of cases. Iris melanomas appear as 

visible pigmented lesions while ciliary body melanomas 

located deeper are often detected late.2 UM is primarily an 

adult malignancy with a reported annual incidence varying 

significantly across ethnic groups. The frequency is 

significantly greater among white people (6.3 per million) 

than among Hispanic populations (0.9 per million) and Black 

populations (0.24). This disparity underscores the importance 

of tailored screening programs and resource allocation to 

ensure early detection in high-risk groups. About 90% of UM 

form in the choroid, and the tumour starts from melanocytes, 

which are specialist pigment-producing cells found in the 

stroma of the uveal tract. The ciliary body accounts for about 

7% of cases while 3% of cases of iris are least affected. These 

differences in site distribution reflect variations in cell 
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density and exposure to potential oncogenic factors.3 The 

incidence of UM varies from north to south in Europe, with 

northern regions like Norway and Denmark having over 8 

cases per million yearly, whereas southern countries like 

Spain and Southern Italy have less than 2 cases per million. 

This geographical variation highlights the interplay of 

genetic, environmental, and lifestyle factors in UM 

pathogenesis, further emphasizing the need for region-

specific preventive strategies.4 The location of metastasis 

significantly impacts survival outcomes in individuals with 

metastatic UM. Up to 90% of cases involve the liver, making 

it the most frequent location of metastases. This predilection 

for hepatic involvement not only shapes the prognosis but 

also introduces unique therapeutic challenges, as the liver's 

microenvironment facilitates tumour progression and limits 

treatment efficacy. With a reported median survival of only 4 

to 5 months, individuals with liver metastases unfortunately 

have a dismal prognosis. Furthermore, the 1-year survival 

rate for these patients is alarmingly low, ranging from 10% 

to 15%, underscoring the aggressive nature of the disease and 

the urgent need for effective systemic and targeted therapies.5 

Approximately half of patients with liver metastases from 

UM also exhibit extrahepatic involvement. While cases with 

metastases limited to extrahepatic sites are rare, these patients 

demonstrate a relatively better prognosis with a reported 

median survival of 19 to 28 months. The lungs (30%), bones 

(23%), and skin (17%) are the most often occurring 

extrahepatic metastases, indicating the disease's systemic 

character and capacity to impact a variety of organ systems.6 

A combination of phototherapy, radiation, and local tumour 

excision has essentially replaced enucleation, which was 

originally the accepted treatment for UM. The management 

approach for patients with UM once the diagnosis is 

confirmed, depends on factors such as tumour diameter, 

location and presence of complications like vitreous 

haemorrhage, retinal detachment or retinal involvement. 

These factors guide the choice of treatment to optimize 

outcomes and preserve eye function when possible.2 Other 

factors influencing treatment decisions for UM include the 

patient's age, physical condition, economic situation and 

personal preferences. The lack of a proven treatment for 

metastatic UM remains a critical challenge, necessitating 

continued efforts in exploring novel therapeutic avenues. 

Regretfully, there isn't a proven, effective treatment plan for 

UM that has spread. Targeted therapy and immunotherapy 

have recently been the subject of several investigations as 

possible therapeutic approaches.7 Light-colored eyes and 

skin, cutaneous and iris nevi or freckles, an inability to tan, 

BAP1 tumour predisposition syndrome, and exposure to UV 

radiation sources including tanning salons and arc welding 

are risk factors for UM.8 Atypical cutaneous nevi, 

occupational contact to environmental irritants (such those 

found in welding and cooking), fair skin, nevus of Ota, 

periorbital dermal pigmentation, and cutaneous freckles are 

further known risk factors for UM.9,10 

2. Pathophysiology and Progression 

Melanocytes in three different uveal tissues—the iris (2% of 

cases), ciliary body (7%), and choroid (90%)—have 

oncogenic alterations that cause UM. These tissues, each with 

unique cellular environments and functions contribute to the 

varying clinical behaviours of UM. Genetic mutations in key 

oncogenes and tumour suppressor genes drive tumorigenesis 

and metastasis in these melanocytes.11 There are just a few 

genetic changes that define it, and many of them have been 

well investigated. These genetic alterations affect surface 

receptor expression, intracellular signalling pathways, and 

ligand synthesis, all of which increase the risk of 

tumorigenesis and metastasis. Rarely do cutaneous 

melanomas show these changes, however they are frequently 

caused by activation of the MAPK pathway by mutations in 

BRAF (~50%), NRAS (10%–25%), or loss of function in 

NF1 (14%). Rather, point mutations in the G-protein α-

subunit, which interfere with intracellular signalling and 

promote carcinogenesis, are the main characteristic of UM.12 

The genes GNAQ and GNA11 encode the α-subunit of G 

proteins, which work in tandem with GPCR. The exchange 

of GDP for GTP triggers G protein activation and subsequent 

signalling through downstream effector proteins, which in 

turn triggers signal transduction via G proteins and GPCRs. 

GTP has to be hydrolysed to GDP in order for the G protein 

to revert to its inactive form. GTPase activity depends on 

glutamine at position 209, according to studies, and 

mutations that interfere with this mechanism produce a 

constitutively active GTP-bound state. RAS oncogenes, 

which encode monomeric G proteins, have a mechanism with 

UM formation.  

 

Table 1: Key genetic mutations and pathways in uveal melanoma 

ime Function Pathway Affected Clinical Relevance 

GNAQ Encodes G-protein α-subunit MAPK, Hippo-YAP Activates YAP/TAZ, promoting tumorigenesis and 

metastasis. 

GNA11 Encodes G-protein α-subunit MAPK, Hippo-YAP Associated with aggressive tumor behavior. 

BAP1 Tumor suppressor DNA repair, 

chromatin regulation 

Loss-of-function mutations correlate with poor prognosis. 

SF3B1 Spliceosome component RNA splicing Linked to late-onset metastases with better prognosis. 

EIF1AX Translation initiation factor Translation regulation Associated with good prognosis in primary tumors. 
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Through Trio and downstream GTPases, 

GNAQ/GNA11 mutations increase YAP and TAZ activation. 

Additionally, epigenetic elements such as RNA alterations, 

histone modifications, and DNA methylation are involved.13-

15 

Clinical prognostic factors in UM are multifactorial and 

include several demographics, tumor-related, and 

pathological characteristics. Male gender and advanced age 

are known demographic variables associated with a worse 

prognosis for UM patients. Predicting the course of the 

disease also heavily relies on tumor-related characteristics, 

such as the size of the tumour and its precise placement inside 

the uvea. Tumours exhibiting a diffuse growth pattern, as 

opposed to more localized growth, tend to be associated with 

a more aggressive clinical course and poorer prognosis. An 

additional factor that raises the likelihood of metastasis and 

lowers survival is the presence of extraocular extension, 

which indicates invasion into nearby ocular or orbital tissues 

beyond the uvea. Furthermore, a standardised framework for 

determining the severity of the illness and forecasting patient 

outcomes is provided by the evolution of the tumour stage in 

accordance with the American Joint Committee on Cancer 

(AJCC) classification. Higher tumour stages, as defined by 

the AJCC system, are associated with a worse prognosis due 

to an increased risk of metastatic spread and diminished 

treatment efficacy. These prognostic factors, when 

considered collectively help to guide clinical decision-

making and determine the most appropriate therapeutic 

approach for individual patients. Risk factors for a poor 

prognosis in UM include lymphocytes, tumor-infiltrating 

macrophages, epithelioid cell shape, mitotic activity, and the 

expression of HLA and IGF-1R.The pattern of the 

extravascular matrix including its type and organization also 

plays a critical role in determining the tumour’s behavior and 

potential for metastatic spread. These histopathological 

features contribute significantly to the assessment of tumour 

aggressiveness and patient outcomes.21  

2.1. Importance of early detection and management 

Early detection and management of UM are crucial in 

improving both survival rates and quality of life. It is often 

diagnosed at advanced stages when it has spread to other 

parts of the body, particularly the liver, which significantly 

worsens prognosis. The ability to detect UM at an early, 

localized stage allows for more effective, less invasive 

treatment options potentially preserving both vision and the 

eye itself. Treatment strategies such as radiotherapy, 

phototherapy and local resection can be highly successful 

when the tumour is detected early, limiting the need for 

enucleation and minimizing long-term visual impairment.16 

Moreover, early detection of UM facilitates the monitoring of 

patients for metastasis. Metastatic disease, particularly to the 

liver, is a leading cause of mortality in UM patients. The 

median survival for those with metastatic UM is poor with 

studies reporting a median survival of 4 to 5 months and a 1-

year survival rate of only 10-15%. Identifying UM early 

allows for closer monitoring and timely interventions that can 

slow or prevent metastasis, improving survival outcomes.17 

The detection of UM in its early stages also provides the 

opportunity for genetic and molecular profiling which can 

guide more personalized treatment approaches. UM has 

distinct genetic mutations, including GNAQ and GNA11, 

and other epigenetic alterations that can influence treatment 

decisions. By identifying specific mutations early, clinicians 

can tailor therapies, such as targeted therapies or 

immunotherapies that are most likely to be effective based on 

the genetic profile of the tumour. Early intervention is key to 

improving long-term outcomes by reducing the burden of the 

disease and ensuring a better quality of life for patients.18  

3. Diagnosis of Uveal Melanoma 

The most often used auxiliary imaging modalities for the 

clinical diagnosis of UM is ultrasound (USG). A useful 

instrument for evaluating UM's extraocular extension. When 

compared to the normal orbital tissue, regions of 

hyporeflectivity in this setting are suggestive of orbital 

tumour extension. The presence of such hyporeflective 

regions on USG suggests that the tumour has infiltrated 

beyond the choroid extending into the surrounding orbital 

structures.19 On A-mode USG, the tumour often displays low 

to medium internal reflectivity, but on B-mode USG, it is 

viewed as an acoustically hollow, mushroom- or dome-

shaped choroidal mass. In A-mode, the tumour’s internal 

reflectivity decreases towards the sclera facilitating 

differentiation from hemangiomas which characteristically 

present with high reflectivity. The tumour looks acoustically 

hollow on B-mode because it is a hyper-echoic mass with a 

lower reflectivity than the nearby choroid. Together with 

possible orbital shadowing, choroidal excavation—which is 

more commonly seen in bigger tumors—may also be 

noticeable. This finding aids in the evaluation of the tumour's 

extent and the determination of appropriate management 

strategies.20 It can be characterized by both intrinsic tumour 

circulation and the underlying choroidal circulation. The 

presence of this dual circulation pattern—comprising both 

the vascular supply from the tumour itself and the normal 

choroidal vessels—can be a crucial diagnostic feature. 

Confirming the diagnosis of UM may occasionally require 

observing this characteristic twin circulation or detecting 

leaking from the tumour vasculature. Such vascular 

abnormalities are typically assessed using techniques such as 

Doppler USG or fluorescein angiography, which provide 

detailed information on blood flow patterns and vascular 

leakage thereby assisting in distinguishing it from other 

intraocular pathologies. These characteristics may be seen via 

fundus fluorescein angiography, which helps distinguish 

them from other lesions. Additionally, it is employed in the 

identification and monitoring of post-brachytherapy 

problems such radiation retinopathy and radiation 

maculopathy.22 
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Figure 1: The diverse treatment approaches for managing uveal melanoma documented in earlier research. 

 

3.1. Treatment of uveal melanoma 

The treatment of UM is highly individualized and depends on 

several factors including the tumour’s size, location, extent 

of extraocular involvement and the patient's overall health. 

The main treatment modalities for UM include: 

3.1.1. Local treatment 

It focuses on targeting and treating the tumour within the eye 

while attempting to preserve the eye and vision, if possible. 

The main local treatment options for UM include:(Figure 1) 

3.1.1.1. Radiotherapy 

One of the most successful globe-sparing therapies for UM is 

radiotherapy. It provides an alternative to enucleation, 

particularly for tumours that are localized or medium-sized. 

Brachytherapy, charged particle radiotherapy, and 

stereotactic radiotherapy are the primary types of radiation 

used for UM; each has unique benefits depending on the size, 

location, and other patient-specific characteristics of the 

tumour. The process via which radiotherapy affects UM is by 

using ionising radiation to cause cellular destruction. This 

radiation causes direct DNA damage in tumour cells, leading 

to cell lysis, senescence, or apoptosis, which are forms of 

programmed cell death. Additionally, radiation damages 

vascular endothelial cells within the tumour vasculature, 

resulting in tumour ischemia the restriction of blood supply 

followed by necrosis, shrinkage and eventual fibrosis of the 

tumour tissue. The combination of tumour cell death and 

vascular damage significantly impairs tumour growth and 

can result in substantial tumour regression.28 

3.1.1.1.1. Brachytherapy 

To provide targeted radiation while causing the least amount 

of harm to adjacent tissues, a radioactive plaque containing 

isotopes such as ruthenium-106 or iodine-125 is applied to 

the sclera above a tumour. This technique works especially 

well for tumours in the posterior eye that are close to 

important tissues like the optic nerve and macula. Radiation 

is delivered from the sclera to the tumour using a dish-shaped 

applicator that is sutured to the sclera. Iodine applicators 

work best on smaller tumours, whereas ruthenium applicators 

work best on tumours with a large basal diameter and height. 

Tumour volume, location, radioisotope type, and operator 

expertise are some of the variables that affect how well the 

therapy works.2,23   

3.1.1.1.2. Charged Particle Radiotherapy 

This method uses protons or carbon ions to irradiate the 

tumour. The use of charged particles allows for precise 

radiation delivery with minimal scatter to adjacent healthy 

tissues making it especially beneficial for tumors located 

deeper within the eye or near sensitive structures. Proton 

beam therapy is widely used in specialized centres for 

treating UM, especially when traditional brachytherapy may 

not be suitable. For patients with UM treated with proton 

beam irradiation (PBI), the 5-year survival rate stays over 

80% and the globe-conserving success rate above 85%.24 

Seventy-four percent of patients keep their vision for ten 
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years after PBI therapy, and 87.5% of treated eyes have 

tumour control.24,25 Complex tumours close to the macula or 

optic disc are especially well-suited for charged particle 

radiation because of its accurate targeting capabilities and 

ideal dose distribution. Furthermore, recurrent iris melanoma 

has been successfully treated with salvage proton beam 

therapy.26 

3.1.1.1.3. Stereotactic radiotherapy 

This non-invasive technique employs a combination of 

advanced imaging and precise radiation delivery systems to 

target the tumour with high accuracy. In order to precisely 

treat the cancer with radiation while avoiding damage to the 

orbital and ocular structures, it usually employs many beams 

positioned at various angles. It is frequently used for tumours 

that cannot be treated with conventional methods, such as 

those that are in hard-to-reach places or when maintaining 

eyesight is essential. With a 5-year local progression-free 

survival rate of 82% and a 2-year vision preservation rate of 

75%, local control rates employing linear accelerator-based 

stereotactic fractionated photon radiation were found to be 

satisfactory.27 

3.1.1.2. Local resection 

Local resection for UM refers to the surgical removal of the 

tumour from the eye while attempting to preserve the 

surrounding ocular structures and when possible, visual 

function. This approach is typically reserved for cases where 

the tumour is small, localized and located in an accessible 

region of the eye such as the peripheral retina or the anterior 

segment.29 

 

3.1.1.2.1. Iridectomy and iridocyclectomy 

Iridectomy and iridocyclectomy are surgical procedures used 

to treat certain ocular conditions, including UM that involve 

the iris and ciliary body. Both procedures aim to remove 

tumour tissue while preserving the eye's integrity as much as 

possible. The mechanisms of these surgeries involve careful 

excision of tumour tissue and surrounding structures ensuring 

tumour control and minimizing the risk of recurrence. 

Incisions are made parallel to and 2-3 mm beyond the limbus 

to generate a sclero-corneal flap. Radial incisions are then 

made 2 mm beyond the tumor's boundaries. To access the 

cancer, a thorough keratectomy is carried out, followed by 

sector or peripheral iridectomies if necessary.30,31 

3.1.1.2.2. Exoresection 

Exoresection is an appropriate option for choroidal tumours 

with a basal diameter of less than 15 mm or iridociliary 

melanomas that include no more than 90° of the pars plicata. 

This procedure is typically considered for tumours that are 

localized and confined to specific, accessible areas, allowing 

for complete excision without significant risk of damaging 

surrounding ocular structures.32 General anaesthesia and 

controlled systemic hypotension are necessary to reduce the 

risk of haemorrhage, and post-radiation exoresection is 

appropriate for ciliary body and big anterior choroidal 

tumours, as well as concealed iridociliary lesions with 

troubling characteristics including tumour progression or 

significant vascularization.33 The technique known as 

"Partial Lamellar Sclerouvectomy" involves creating a 

scleral flap following a 270° peri-limbal incision and 

disinsertion of the surrounding extraocular muscles. The 

uveal tumour, along with the adjacent thin lamellar sclera, is 

carefully excised using a "no-touch" technique, ensuring that 

the underlying retina and vitreous remain undisturbed to 

prevent the spread of tumour cells into the surgical field.34 

For UM with a thickness of ≥6 mm, a research comparing 

exoresection with iodine-125 brachytherapy revealed that 

exoresection had superior visual acuity, while brachytherapy 

had greater adverse effects. However, the chance of a local 

recurrence was eight times higher after exoresection. The 

chance of tumour recurrence can be reduced by combining 

adjuvant plaque radiation with exoresection. Ru-106 plaque 

radiation has been shown to lower the incidence of recurrence 

in long-term follow-up investigations.35,36 

3.1.1.2.3. Endoresection 

Exoresection is technically challenging, and tumours close to 

the optic papilla or macula provide therapeutic issues since 

they may cause optic neuropathy or maculopathy. Patients 

with posterior choroidal melanomas that extend at least one 

disc diameter past the optic disc and fovea are candidates for 

endoresection. However, tumours with a base diameter larger 

than 15 mm are more likely to cause perioperative and 

postoperative problems. A typical three- or four-channel 

vitrectomy, posterior vitreous excision, and vitreous base 

removal are all part of the treatment. When the tumour is at 

its tallest, a retinotomy is done. To reduce haemorrhage, 

systemic hypotension should be maintained and intraocular 

pressure should be raised to 80 mmHg. During the operation, 

silicone oil and perfluorodecalin are frequently utilised; the 

silicone oil is usually eliminated three months later.37  

3.1.1.3. Radical resection 

Radical resection is a definitive surgical approach used in 

cases where the tumour is extensive has a high risk of 

recurrence or is located in an area where more conservative 

treatments are ineffective. It aims to achieve complete 

excision of the tumour although it may involve significant 

tissue removal and loss of organ function. 

3.1.1.3.1. Enucleation  

Enucleation was the main treatment for UM patients prior to 

the development of plaque radiation therapy. Currently, 

enucleation is typically reserved for advanced tumours with 

a diameter greater than 20 mm and a thickness exceeding 12 

mm which are not effectively treated by radiation. 

Additionally, it is recommended for situations involving 

orbital invasion, total vision loss, or painful secondary 
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glaucoma. Four to six weeks after enucleation, a prosthetic 

eyeball can be implanted. 

3.1.1.3.2. Exenteration 

Orbital exenteration is recommended for recurring orbital 

tumours after prior enucleation or for advanced tumours 

including extraocular involvement. The eyeball, 

accompanying nerves, muscles, and fatty tissue are all 

removed during this treatment. To encourage quicker 

healing, an eyelid-preserving approach may be used if 

practical. Six to eight weeks following the exenteration, an 

orbital prosthesis may usually be inserted.38 

3.1.2.. Systemic treatment 

3.1.2.1. Targeted therapy 

Targeting certain molecules implicated in tumour growth is 

the goal of molecular targeted therapy, a very focused 

therapeutic strategy. It modifies the biological behaviour of 

tumour or stromal cells by inhibiting signal transduction 

pathways. Molecular targeted therapy can be used as a 

monotherapy, targeting specific molecular pathways 

involved in tumor growth or in combination with other 

treatments like chemotherapy, radiation or immunotherapy. 

When combined, it enhances treatment efficacy by 

overcoming resistance mechanisms, improving tumour 

response and potentially increasing overall survival. This 

approach is tailored to the tumour’s genetic profile, 

optimizing therapeutic outcomes.39 (Table 2) 

 

Table 2: Comparative analysis of treatment modalities for uveal melanoma 

Treatment 

Modality 

Efficacy Survival Rates Risks/Complications 

Radiotherapy Effective for localized and 

medium-sized tumors; high 

tumor control rates. 

5-year survival: >80% (Proton 

Beam Therapy); Globe-sparing 

rate: >85% (Proton Beam 

Therapy). 

Radiation retinopathy, optic 

neuropathy, secondary glaucoma, 

cataract, and potential vision loss. 

Brachytherapy Precise radiation for small 

and posterior tumors; 

effective tumor control. 

Long-term tumor control in 

85%–95% of cases depending 

on tumor size and location. 

Local recurrence, damage to 

adjacent ocular structures (optic 

nerve, macula), and increased risk 

of secondary glaucoma and 

radiation-related complications. 

Charged 

Particle 

Therapy 

Superior dose distribution 

for deep-seated or complex 

tumors. 

5-year survival: >80%; Vision 

preservation: ~74% over 10 

years. 

Tissue necrosis, persistent 

inflammation, and radiation-induced 

cataracts. 

Stereotactic 

Radiotherapy 

Effective for inaccessible or 

challenging locations. 

Local progression-free survival: 

~82% (5 years); Vision 

preservation: ~75% (2 years). 

Local recurrence, inflammation, and 

damage to adjacent ocular and 

orbital structures. 

Surgical 

Resection 

Suitable for localized 

tumors; effective when 

paired with adjuvant 

therapies. 

Tumor control rates vary based 

on surgical type and location; 

adjunct radiation reduces 

recurrence. 

High recurrence rates without 

adjuvant therapy, significant visual 

impairment, and intraoperative 

complications (e.g., hemorrhage). 

Targeted 

Therapy 

Moderate efficacy for 

molecularly targeted tumors 

(e.g., c-kit, VEGF). 

Limited survival benefit in 

advanced/metastatic cases. 

Adverse effects like cytopenia, 

fatigue, gastrointestinal 

disturbances, and drug resistance. 

Immunotherapy Promising results with 

tebentafusp; limited efficacy 

with CTLA-4 inhibitors. 

Tebentafusp: 1-year survival 

~65%; Ipilimumab/Nivolumab: 

Median OS ~11.8 months in 

selected patients. 

Immune-related adverse events: 

colitis, dermatitis, pneumonitis, 

endocrinopathy; limited efficacy in 

immune-privileged UM 

environment. 

Enucleation Effective for large or 

advanced tumors; no vision 

preservation. 

Survival unaffected compared 

to radiotherapy in early-stage 

tumors; used when tumor is 

>20mm in diameter. 

Complete loss of vision; 

psychological impact; prosthetic 

complications. 

Exenteration Reserved for extensive 

orbital involvement or 

recurrence post-enucleation. 

Not applicable; used as a last 

resort in locally advanced 

disease. 

Loss of orbital structures, severe 

disfigurement, and delayed healing. 
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3.1.2.2. Tyrosine kinases 

For anti-tumor molecular targeted treatment in UM, tyrosine 

kinases are important targets. Many cancers, including 

metastatic UM, overexpress the c-kit protein, a crucial 

membrane-bound tyrosine kinase receptor. It has been shown 

that the FDA-approved inhibitor imatinib mesylate inhibits c-

kit activity. Research demonstrates that imatinib mesylate 

prevents human UM cells from proliferating and invading in 

vitro.40 Patients with metastatic UM were given 400 mg of 

imatinib mesylate twice a day as part of a phase II clinical 

study. The results indicated a modest prolongation of 

survival. However, the trial was discontinued due to the 

occurrence of adverse events.41 

3.1.2.3. Vascular endothelial growth factor 

Angiogenesis and VEGF expression are well-established 

processes of tumour formation, and their possible 

involvement in UM has been well investigated. Seventy-four 

enucleated UM eyes that had not had initial therapy were 

analysed in one research. The VEGF quantity in the aqueous 

humour of UM specimens was considerably greater than that 

in non-neoplastic eyes having cataract surgery, the 

researchers discovered.42 Two important histological 

measures, tumour thickness and basal diameter, showed a 

favourable connection with VEGF expression. Additionally, 

later research revealed that bevacizumab administered 

intraperitoneally inhibited cancer development and liver 

metastases in mice in a dose-dependent manner.43 

3.1.2.4. Mitogen-activated protein kinase 

In 80% of big tumours, the MAPK pathway is the focus of 

the therapy trametinib for metastatic ovarian cancer. It has 

undergone testing both alone and in conjunction with 

chemotherapy. In patients with metastatic UM, selumetinib 

and chemotherapy were examined in multicenter phase II 

research. While overall survival was 11.8 months and 9.1 

months, respectively, selumetinib had a median progression-

free survival of 15.9 weeks. Of patients treated with 

selumetinib, 49% had tumour shrinkage, while 97% had side 

effects. For metastatic UM, a follow-up international double-

blind phase III study evaluated the safety and effectiveness of 

selumetinib with dacarbazine. According to the results, 

selumetinib improved the objective remission rate and 

prolonged progression-free survival in a subgroup of patients 

by enhancing the therapeutic efficacy of dacarbazine.44,45 

3.1.3. Immunotherapy 

Because UM has a low mutational load and the ocular 

environment is immune-privileged, immunotherapy's clinical 

effectiveness is restricted when compared to cutaneous 

melanoma (CM), especially when checkpoint inhibition is 

used. The new good findings of tebentafusp show that 

immunotherapeutic approaches remain promise despite the 

inferior results seen with checkpoint inhibitors. 

3.1.3.1.. Anti-CTLA-4 antibody 

In order to prevent tumour progression, ipilimumab, a 

selective inhibitor of cytotoxic T-lymphocyte antigen-4 

(CTLA-4), strengthens T-lymphocyte-mediated immune 

responses. Danielli et al. assessed its safety and effectiveness 

in UM patients.46 In clinical studies, ipilimumab 

demonstrated potential in treating UM. In one study, 30 

patients received 10 mg/kg intravenously and were assessed 

at 12, 24, and 36 weeks, showing disease control and 

improved overall survival, However, three individuals 

experienced severe side effects, including as 

thrombocytopenia and diarrhoea. 52 patients were given 

ipilimumab at a dose of 3 mg/kg for four cycles in a 

multicenter study conducted by Zimmer et al. At 12 and 24 

weeks, 47% and 21% of patients, respectively, had disease 

stability, whereas 66% had complications, including 19 high-

grade events. Furthermore, in metastatic UM, ipilimumab 

with nivolumab, a PD-1 inhibitor, showed encouraging 

action, generating notable and long-lasting effects.47 

3.1.3.2. Tebentafusp 

Tebentafusp is a bispecific fusion protein designed to target 

gp100, a melanocytic antigen present in both cutaneous and 

UM. It works by directing CD3+ T cells towards gp100-

expressing melanoma cells, which results in T-cell-mediated 

cytolysis. A first-in-human (FIH) phase I study of 

tebentafusp was carried out by Middleton et al. in 84 patients 

with metastatic melanoma, 16 of whom had UM. Among the 

evaluable UM patients, 14% achieved a partial response, 

while 57% maintained clinical control for at least 16 weeks. 

In the dose-escalation cohort, erythema, pruritus, fever, and 

periorbital oedema were the most frequent side events. In 

both UM and cutaneous patient groups, tebentafusp showed 

a 1-year overall survival rate of 65%, indicating high 

tolerability and clinical efficacy overall in advanced UM.48 

3.1.3.3. Interferon 

When 121 high-risk UM patients received interferon (IFN)-

α-2a for two years, there was no discernible increase in 

survival rates when compared to those receiving enucleation 

or radiation treatment. Likewise, Richtig et al. assessed 

adjuvant IFN-α-2b's safety and effectiveness in 39 UM 

patients. In 18 cases, side symptoms such leukopenia, heart 

problems, thrombocytopenia, liver malfunction, or fainting 

necessitated dose reductions. Eight individuals had their 

treatment stopped because of serious side effects or the 

spread of the disease. IFN treatment did not appear to 

improve survival in UM patients.49 

4. Conclusion 

Uveal melanoma remains a formidable clinical challenge due 

to its aggressive nature, metastatic potential, and limited 

treatment options for advanced disease. Current management 

strategies, including surgical interventions, radiotherapy, and 

systemic therapies, have significantly improved localized 
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tumor control and patient survival. However, the prognosis 

for metastatic uveal melanoma remains dismal, highlighting 

the urgent need for innovative therapeutic strategies. 

Adopting genetic and molecular profiling should be 

prioritized to facilitate personalized medicine, enabling 

targeted therapies and immunotherapies to deliver more 

precise and effective outcomes. Integrating early diagnostic 

tools, optimized surveillance protocols, and emerging 

therapies into clinical practice can enhance disease 

management. For instance, identifying robust early 

diagnostic biomarkers could significantly improve the 

detection and treatment of high-risk cases, potentially 

altering the disease trajectory. 

Critical gaps remain, such as understanding the 

molecular pathways driving tumor progression and resistance 

mechanisms. These gaps demand rigorous research to 

develop innovative combinations of therapies, including 

targeted agents and immunotherapeutic approaches. Clinical 

trials evaluating novel agents will be pivotal in addressing 

these unmet needs. 

A multidisciplinary approach, combining expertise in 

ophthalmology, oncology, and genetics, is essential to 

improve the quality of life and survival for patients with this 

rare but challenging malignancy. To this end, fostering 

collaboration across specialties and emphasizing the 

integration of cutting-edge research into routine clinical 

practice should be a top priority for advancing patient care. 
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