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Abstract: Melanoma of the ocular region (ocular melanoma) comprises about 5% of all patients
with melanoma and covers posterior uveal melanoma, iris melanoma, and conjunctival melanoma.
The risk of metastasis is much higher in patients with ocular melanoma compared to a primary
melanoma of the skin. The subtypes of ocular melanoma have distinct genetic features, which should
be taken into consideration when making clinical decisions. Most relevant for current practice is the
absence of BRAF mutations in posterior uveal melanoma, although present in some iris melanomas
and conjunctival melanomas. In this review, we discuss the genetic biomarkers of the subtypes of
ocular melanoma and their impacts on the clinical care of these patients.
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1. Introduction

The discovery of drugs targeting the mitogen-activated protein kinase (MAPK) pathway constitutes
a major advancement in the treatment of patients with metastatic cutaneous melanoma harboring
a somatic mutation in the BRAF gene on chromosome 7. Combined BRAF/MEK inhibition induces
objective responses in approximately 65% of patients with a BRAF V600 mutation and improves the
progression-free and overall survival [1–3]. Together with the emergence of immune checkpoint
inhibitors [4,5], the prospects of patients with metastatic cutaneous melanoma are highly improved.
However, not all these advancements can be applied directly to patients with non-cutaneous melanoma,
i.e., of ocular or mucosal origin.

In about 5% of all patients with melanoma, the primary tumor is of ocular origin (Figure 1).
The majority of ocular melanomas (OcM) arise intraocularly, in the uvea. Uveal melanoma (UM)
can be further divided into posterior UM (arising in the choroid or ciliary body) and iris melanoma.
The risk to develop metastasis for patients with OcM is much higher compared to patients with a
primary cutaneous melanoma and can be more than 50% in high-risk tumors of the posterior uvea [6–8].
The incidence rate of UM is 2–8 per million person/year, and most patients are diagnosed between the
ages of 55 and 75 years [6,9].
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Figure 1. Anatomic location of melanomas of the ocular region. Melanomas of the ocular region arise
from melanocytes in the conjunctiva (5%) or the uvea (95%). Of the uveal melanomas, approximately
90% arise in the choroid, 5% in the ciliary body, and 5% in the iris. (Figure was created with PowerPoint
and BioRender.com).

A small subset of all OcM, approximately 5%, arise on the front of the eye from melanocytes in
the basal layer of the epithelium of the conjunctival membrane [10,11]. Conjunctival melanomas arise
de novo or from precursor lesions, such as nevi and primary-acquired melanosis with atypia [12,13].
As the conjunctiva is a mucous membrane, conjunctival melanomas are also classified as a subtype
of mucosal melanoma. The incidence rate is ~0.5 per million person/year in Caucasians and peaks
around the age of 60 years [12,14].

Although all originating in the ocular region, posterior UM, iris melanoma, and conjunctival
melanoma have distinct genetic features and should be regarded as different disease subsets. Here,
we will discuss the basics and genetic biomarkers of all subtypes of OcM for the practicing medical
oncologist, with a clear focus on mutations that can serve as diagnostic, prognostic, or predictive
biomarkers in the clinic.

2. Genetic Biomarkers at Initial Diagnosis of the Primary Tumor

2.1. Posterior Uveal Melanoma

UM originates in the choroid in ~90% of cases, ~5% in the ciliary body, and ~5% is confined to the
iris [11,15]. Patients with posterior UM usually present with visual symptoms such as blurred vision,
flashes of light, floaters, and/or visual field loss. Approximately 30% of patients are asymptomatic and
are diagnosed upon routine examination [16]. UM is often a clinical diagnosis, without pathological
assessment, based on examination by an ophthalmologist specialized in ocular oncology. Local
management depends, among other factors, on the tumor size and location. Treatment can consist of
eye-sparing treatment, e.g., (plaque or proton) radiotherapy or enucleation.

Posterior UM is staged according to the American Joint Committee on Cancer (AJCC) staging
system for UM, in which both posterior UM and iris melanoma are incorporated but with a distinct
primary tumor (T) classification. The tumor size, based on both the basal diameter and thickness, is the
predominant clinical predictor of prognosis in primary posterior UM [17]. The T category is further
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defined by the involvement of the ciliary body together with extraocular extension. As a lymphatic
drainage system is absent for intraocular structures, lymphatic spread can only occur when extraocular
growth is present and is seldomly seen. As a consequence, the stage groups are different compared to
cutaneous melanoma. In UM, the stages I to IIIC all refer to primary tumors without metastasis, and
stage IV defines both regional (N1) and distant metastasis (M1). About a third of patients have stage I
disease, a bit more than half of patients have stage II disease, and approximately one in ten patients
have stage III disease at diagnosis. Only about 2% of patients show detectable metastasis at initial
diagnosis [17]. The five-year survival rate of primary posterior UM decreases from 96% in stage I
disease to 26% in stage IIIC disease. Although genetic biomarkers are not incorporated in the current
AJCC staging system, they endorse the importance of genetic profiling. It is shown that the addition of
genetic biomarkers can enhance the prognostication of survival [18].

Most posterior UM harbor a driver mutation in GNAQ (~55%) or GNA11 (~40%) (Table 1) [19].
Mutations in GNAQ and GNA11 are mutually exclusive and can lead to the activation of multiple
downstream pathways involved in proliferation and cell growth [20]. As both mutations are already
observed in most uveal nevi [21], they are not suitable as a diagnostic biomarker and neither have they
been shown to be of significant prognostic value, although GNA11-mutated tumors might be slightly
more aggressive than their GNAQ-mutated counterparts [22,23]. In contrast, some chromosomal
aberrations and secondary driver mutations are strong prognostic genetic biomarkers. Of the
chromosomal aberrations, loss of chromosome 3 with or without gains of chromosome 8q is associated
with a high risk of metastatic disease (>50%) and occurs in approximately half of the patients. Disomy
3 and a gain in chromosome 6p are low-risk features and, when present, rarely lead to metastasis [24].
Two online prediction models, PRiMeUM and LUMPO, and a visual nomogram include chromosomal
aberrations to predict the risk of metastasis and mortality, respectively [25–27].

The most important secondary driver mutations occur in BAP1, SF3B1, or EIF1AX and are
generally mutually exclusive. They are present in ~45%, ~25%, and ~20% of the primary posterior UM,
respectively [19]. BRAF and NRAS mutations, frequently occurring in cutaneous melanoma, do not
occur in posterior UM [28]. KIT mutations are rare [28–30]. Inactivation of the tumor-suppressor gene
BAP1, located on chromosome 3, usually occurs by a BAP1 mutation combined with monosomy 3.
BAP1 germline mutations are only present in ~2% of patients with UM but should be considered in the
presence of a family history of UM, cutaneous melanoma, mesothelioma, or renal cell carcinoma [31].
BAP1 inactivation gives a high risk of metastatic disease [32]. Mutations in the splicing gene SF3B1,
located on chromosome 2, occur mainly in disomy 3 tumors and give an intermediate risk to developing
metastasis, occurring late compared to BAP1-mutated tumors [33]. UM with mutations in EIF1AX,
located on the X chromosome, are usually also only present in disomy 3 tumors and seldomly
metastasize [19]. Although exceptional, BAP1 mutations can occur in combination with disomy 3 and
SF3B1 or EIF1AX mutations in combination with monosomy 3. In addition, albeit often described as
mutually exclusive mutations, SF3B1 mutations are described in combination with EIF1AX or BAP1
mutations [30,34].

Another option to predict the risk of metastasis is gene expression profiling (GEP) of 15 genes.
GEP differentiates class 1 (low-risk) and class 2 (high-risk) tumors, with a five-year risk of metastasis of
~4% for GEP class 1 and ~51% for GEP class 2 tumors [35,36]. GEP class 1 tumors mainly contain tumors
with disomy 3 and EIF1AX or SF3B1 mutations, where monosomy 3 tumors with BAP1 mutations are
mainly classified as GEP class 2 tumors. Recently, a combined classification was proposed describing
four molecular subsets of posterior UM (Figure 2) [28,30,37].

In cutaneous melanoma, high mutation frequencies are attributed to the mutagenic effect of UV
radiation. A UV-induced mutational signature, with a high fraction of C>T transitions, is present
in about 80% of cutaneous melanomas [38]. As the cornea and lens absorb almost all UV radiation,
UV-induced mutational signatures are absent in posterior UM. The mutational load is among the
lowest of all cancer types, comparable to that of pediatric cancers [28,30].
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Figure 2. Overview of genetic prognostic biomarkers in primary posterior uveal melanoma. Based
on their increasing risk of metastasis, four molecular subsets (A–D) are depicted based on their
chromosomal aberrations, secondary driver mutations, and gene expression profile (GEP). (Figure was
created with PowerPoint and BioRender.com).

To look into the prognostic biomarkers, tumor material is required for analyses. Preferably, fresh
tumor material is used for genetic or transcriptomic analyses or formalin-fixed paraffin-embedded
material for BAP1 inactivation testing, which can be determined by protein expression
immunohistochemistry. In patients undergoing enucleation of the eye, tissue will be available.
However, the majority of patients are currently treated with an eye-conserving strategy. In these
patients, the option to perform a tumor biopsy to obtain tumor tissue for the testing of prognostic
biomarkers should be discussed prior to treatment. Tumor biopsies in posterior UM are considered a
safe procedure and do not increase the risk of metastasis when performed by an experienced ocular
surgeon [39].

Following local treatment, patients are monitored for local recurrence and the development of
metastasis. UM spreads almost solely hematogenously, as extraocular growth is present in less than
2% of patients and lymphatic spread cannot occur from within the eye [17]. With rarely any regional
lymph node metastasis, sentinel lymph node biopsies are not performed. Recommendations for
follow-up vary widely and may depend on the presence of high-risk features but usually include at
least a full ophthalmological examination and imaging of the liver every 3–12 months up to 10 years.
With half-yearly screening of the liver by MRI, metastases were detected before symptoms in 92% of
patients [40]. In patients with known low-risk features, regular imaging of the liver may be omitted.

2.2. Iris Melanoma

Only ~5% of all UM are confined to the iris. Iris melanomas have a separate definition of the T
categories in the AJCC staging system for UM based on the tumor size, tumor extension, and presence
of secondary glaucoma. No prognostic stage groups are defined. As the iris color changes and a
tumor can be noticed by the patient, iris melanoma is often diagnosed at an earlier stage compared to
posterior UM. Almost all patients are diagnosed with a T1 or T2 primary tumor, and less than 5% of
patients have a T3 or T4 tumor. The five-year survival rate of iris melanoma decreases from 100% in
patients with T1 tumors to 50% in T4 tumors. Overall, metastasis occurs in ~5–10% of patients—only
in the presence of extension into the ciliary body, choroid, or sclera—and the prognosis is relatively
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good [11,41–43]. The standard treatment for iris melanoma can consist of active observation (watchful
waiting), tumor resection, or proton beam radiation.

In iris melanoma, genetic profiling data is limited, as the disease is rare, and little material is
available, as lesions are often small. The available data shows that a loss of chromosome 3 and the same
mutations as in posterior UM can be found, although their prognostic value is uncertain. In contrast
to posterior UM, mutations in BRAF (0–47%) and NRAS have been described in iris melanoma,
although the frequency of their presence is unclear, and they might not represent driver mutations
(Table 1) [44–47]. As the iris is not protected from UV damage, UV-induced mutational signatures have
recently been detected in iris melanoma [48,49].

2.3. Conjunctival Melanoma

Patients with conjunctival melanoma typically present with a pigmented lesion on the bulbar
conjunctiva. Conjunctival melanomas of the non-bulbar conjunctiva and non-pigmented lesions are
less common [13]. Slit-lamp examination can establish the clinical diagnosis, and diagnostic incisional
biopsies should be avoided due to the increased risk of recurrence [50]. Surgical excision of the primary
tumor is the standard treatment, often supplemented with local adjuvant treatment to lower the risk
of recurrence. Local adjuvant treatment can consist of cryotherapy, topical chemotherapy, topical
immunotherapy, plaque brachytherapy, or proton beam radiotherapy. Of the various available local
adjuvant therapies, cryotherapy is utilized most often.

Conjunctival melanoma has its own AJCC staging system, which contains no subdivisions if
regional lymph node metastases (N1) or distant metastases (M1) are present and no prognostic stage
groups are defined. T categories, based on size and location, correlate clearly with risk of metastasis
and survival, with five-year survival rates decreasing from 97% (T1) to 58% (T3; with survival rates
for T4 unknown). Only 5% of patients are diagnosed with a T3 primary tumor, and T4 tumors are
seldomly seen [51]. In addition to the AJCC T category, ulceration of the primary tumor and sentinel
node involvement are of prognostic value [51,52]. Despite local adjuvant treatment, the risk of local
recurrence is high (30–60%) [13,51]. Nodal involvement occurs in ~15% of patients, either detected at
diagnosis or during follow-up. A sentinel lymph node biopsy can be considered if the primary tumor
is thicker than 2 mm and can be expected to be positive in ~5% of patients—up to 20% in selected
patients [51,52]. Finally, about 20–30% of patients develop distant metastasis [13,52,53]. Detectable
metastasis at the initial diagnosis are rare (2%) [51]. Guidelines on the follow-up of patients are
lacking, but the high risks of local recurrence and systemic spread support regular ophthalmological
examinations and imaging of the regional lymph nodes and internal organs (e.g., ultrasound of cervical
lymph nodes andor (PET/)CT of neck, thorax, and the abdomen).

In contrast to posterior UM and other mucosal melanoma subtypes, conjunctival melanoma quite
frequently expresses BRAF mutations (~20–55% of patients; Table 1) [54–57]. NRAS is mutated in
~20% of conjunctival melanomas, and KIT mutations are reported in 0–7% [29,56,58]. Unfortunately,
none of the mutations seem to be of prognostic relevance [56,57]. In-line with cutaneous melanoma,
UV radiation plays a role in the development of conjunctival melanoma; UV-induced mutation
signatures are demonstrated, as well as a high mutational load [59].

Table 1. Driver mutations in subtypes of primary melanoma.

Gene Mutation BRAF NRAS KIT GNA11 GNAQ BAP1 SF3B1 EIF1AX

Posterior uveal melanoma - - 2% 40% 55% 45% 25% 20%
Iris melanoma 15% 5% 5% 25% 55% 25% 4% 25%

Conjunctival melanoma 35% 20% 5% - - - - -
Cutaneous melanoma * 40% 20% <5% - - <1% - -

Percentages of gene mutations in primary tumors are estimates based on the literature. The mutations BRAF and
NRAS; GNA11 and GNAQ; and BAP1, SF3B1, and EIF1AX are generally mutually exclusive. - = Mutation frequency
is close to 0%. * = References: [60–62].
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3. Genetic Biomarkers When Metastatic Disease Is Present

3.1. Posterior Uveal Melanoma

Posterior UM may metastasize years before treatment of the primary tumor [63,64]. Still, in only
2% of patients, dissemination is detected at diagnosis, even when screened with PET/CT [65]. Most
patients that develop metastatic disease are diagnosed with metastasis within five years after initial
diagnosis, but detection may occur decades later [7]. The most common site of metastasis is the liver,
which is affected in 90% of patients and the sole site of metastasis in ~50% of patients. Less common
sites, often presenting later during the disease course, include the lungs, bones, subcutaneous tissues,
and lymph nodes. Brain metastases are uncommon (~5%) and do not occur as the primary metastatic
site [66,67]. It is recommended to confirm metastases by histopathology. The M category of the AJCC
staging system is different from cutaneous melanoma and solely based on the diameter of the largest
metastasis (M1a ≤ 3 m, M1b 3.1–8.0 cm, and M1c ≥ 8.1 cm), which strongly correlates with survival [68].
Other factors correlating with survival, similar to cutaneous melanoma, are the performance status
and lactate dehydrogenase (LDH) level [69].

The genetic high-risk features, such as monosomy 3 and BAP1 mutations, are more frequently seen
in patients with metastatic disease [23]. Whether any of the genetic alterations are also of prognostic
value once metastases are present is unknown and, thus, abates the reason for genetic testing if not
determined at first presentation. This includes the analyses of mutations in GNAQ and GNA11, which
were hoped to be predictive of MEK inhibition, as the mutations constitutively activate the MAPK
pathway. Despite promising results in a phase II trial, a phase III clinical trial with MEK inhibition
combined with chemotherapy in patients with metastatic UM did not show benefits over chemotherapy.
The objective response rate was 3% in the arm with MEK inhibition plus chemotherapy and 0% in
the arm with chemotherapy (dacarbazine) alone [70]. KIT mutations rarely occur in posterior UM,
and UM patients were not included in the phase II clinical trials studying the effect of the tyrosine
kinase inhibitor imatinib in KIT-mutated melanoma. The response rates in these trials were moderate
and may be limited to patients with KIT mutations in certain hotspots of clinical relevance [71–73].
The very low mutation frequency and the lack of documented responses to KIT inhibition in posterior
UM makes mutation analyses and the off-label use of imatinib in UM debatable.

For patients with metastatic UM, a standard of care is lacking. Surgical resection or other
liver-directed therapies, including hepatic perfusion with chemotherapy, may result in long-term
survival, but data is sparse, highly biased, and the procedures are only feasible in highly selected
patients [74,75]. Systemic treatments with chemotherapy or immunotherapy, as approved for
metastatic cutaneous melanoma, are often considered. No meaningful benefit has been shown
with chemotherapeutic regimens. In-line with the low mutational load of posterior UM [28], the use of
immune checkpoint inhibitors has shown limited responses compared to cutaneous melanoma [75–77],
though moderate evidence from real-world data suggests some efficacy of combined treatment with
anti-PD1 and anti-CTLA4 antibodies [78,79]. Results of a phase II clinical trial with the combination
as any line of treatment and as the first-line treatment are awaited. Other forms of immunotherapy,
including adoptive T cell transfer, adjuvant dendritic cell vaccination, and a bispecific molecule
targeting T cells and gp100 (tebentafusp), are tested in clinical trials. The latter gained a fast-track
designation by the FDA for HLA-A * 0201-positive metastatic UM patients. In two phase I clinical
trials, partial responses were observed in 14–18% of patients. Data are awaited from a phase II clinical
trial, and inclusion is ongoing in a second phase II clinical trial [80]. No randomization takes place
in any of these phase II trials with immunotherapy, so comparisons with other treatments will be
difficult, but response rates might be a good indicator of efficacy, as responses are extremely rare
with chemotherapy.

The median overall survival of patients with metastatic UM is approximately four months in
unselected patients and around 10 months in selected patients included in clinical trials [69,74].
As responses to treatment in the metastatic setting are scarce, the adjuvant treatment of high-risk
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UM patients, besides in clinical trials, is not recommended. Trial participation is limited due to the
low availability of UM-specific trials and the exclusion of patients with UM from larger (cutaneous)
melanoma clinical trials. In summary, the prognosis of metastatic UM is poor, and treatments with
proven benefits are currently lacking.

3.2. Iris Melanoma

Metastatic iris melanoma is extremely rare due to the low incidence of primary iris melanoma
and their low risk of metastatic spread. Therefore, experience with the treatment of metastatic iris
melanoma is scarce, and little is documented. It could be hypothesized that immune checkpoint
inhibitors have possible efficacy, as iris melanoma shows the same UV-induced mutational signatures
as cutaneous melanoma [48,49]. As for targeted therapy, it is unknown whether BRAF-mutated iris
melanoma responds to BRAF(/MEK) inhibition, as it is not described in the literature. As BRAF
mutations do occur in iris melanoma, genetic testing to detect BRAF mutations can be considered.
However, the mutations detected so far are not located at codon 600 and might represent passenger
mutations instead of driver mutations [44,45,47], further complicating the assumptions about possible
efficacy. Overall, evidence-based treatment is impossible, and available options should be discussed
carefully with the patient.

3.3. Conjunctival Melanoma

Distant metastasis occur in 20–30% of patients with a primary conjunctival melanoma and are often
preceded by regional lymph node metastasis [13,52,53]. Not unlike cutaneous melanoma, all organs may
be affected by metastasis, with the liver and lungs being the most common sites. Brain metastases are
present in ~10–20% of patients [51]. Due to the rarity of the disease, no conjunctival melanoma-specific
clinical trials have been performed. Treatment decisions should be based on experiences in mucosal
and cutaneous melanoma and case reports of patients with conjunctival melanoma.

Patients with BRAF-mutated metastatic conjunctival melanoma have shown objective responses to
BRAF inhibition in several reported cases but not in all [81–84]. BRAF/MEK inhibition showed the stable
disease in one metastatic patient and (near) complete responses in two patients with local recurrent
disease [85–87]. Although response rates cannot be determined and publication bias is likely present,
responses to BRAF(/MEK) inhibition clearly occur, e.g., in contrast to BRAF-mutated colon cancer [88],
and should be considered for patients with BRAF-mutated metastatic conjunctival melanoma. Patients
with metastatic mucosal melanoma were included in the phase II trials with imatinib in KIT-mutated
melanoma, but conjunctival melanomas are not separately mentioned [71–73]. As with UM, the off-label
use of imatinib should be considered with care in patients with KIT-mutated conjunctival melanoma,
as little is known about the chance of success. A better alternative might be the treatment with immune
checkpoint inhibitors, which showed response rates of 23% with anti-PD1 treatment and 37% with
combined anti-PD1/anti-CTLA4 treatment in patients with mucosal melanoma [89]. The number
of patients with conjunctival melanoma in this cohort is not documented. However, case reports
showing responses to immune checkpoint inhibition, including responses to anti-CTLA4 monotherapy,
anti-PD1 monotherapy, and combined anti-PD1/anti-CTLA4 therapy, support this treatment option in
conjunctival melanoma [90,91]. This is in-line with the expectations based on the UV signature and high
mutational load seen in conjunctival melanoma [59]. Data on the survival of patients with metastatic
conjunctival melanoma is limited but seems poor, with a median overall survival of 5–8 months,
although survival is likely to have improved after BRAF(/MEK) inhibitors and immune checkpoint
inhibitors became available [53,92]. As responses to both treatment modalities might (almost) be as
good as in cutaneous melanoma, adjuvant treatment could be considered, although evidence is lacking.
Additionally, neo-adjuvant BRAF/MEK inhibition is worth consideration in irresectable primary or
local recurrent tumors with a BRAF mutation [86,93].
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3.4. Melanoma of Unknown Primary

Approximately 2% of patients with melanoma present with regional or distant metastasis as the
first manifestation of the disease without a known primary melanoma [10]. These patients represent
about 10–15% of all patients with hematogenously spread melanoma at any timepoint during their
disease course [94,95]. Immunohistochemical markers used for diagnostic purposes of melanoma,
e.g., HMB45 (gp100), tyrosinase, and Melan-A, are also often expressed in OcM and, thus, not able to
distinguish between the different melanoma subtypes.

Melanoma of unknown primary is assumed to be arisen from a primary melanoma that
spontaneously regressed. Random screening for a primary tumor by ophthalmoscopy, laryngoscopy,
endoscopy of the lower gastrointestinal tract, and a gynecological examination is not recommended,
as they rarely reveal a primary tumor [96]. The mutation profile of melanoma of unknown primary
is similar to cutaneous melanoma, with frequent BRAF (~50%) and NRAS (~20%) mutations [97].
The detection of KIT, GNA11, or GNAQ mutations might warrant further screening for a primary
mucosal or primary UM, as GNAQ/GNA11 mutations are generally mutually exclusive with BRAF/NRAS
mutations. Still, exceptions exist, and one of the mutations may represent a passenger mutation.
For example, one of our patients with widespread metastases of melanoma showed both a GNA11
Q209L and a BRAF V600K mutation. Ophthalmological examination, skin examination, and imaging
did not reveal a primary tumor, and no objective response was obtained with BRAF/MEK inhibition.
Overall, patients with melanoma of unknown primary should be treated as cutaneous melanoma
patients and have a similar prognosis [10,95,98].

4. Conclusions

Strong prognostic genetic biomarkers predicting the development of metastasis, including
chromosomal aberrations, DNA mutations, and RNA profiles, are available in primary posterior
UM. In patients planned for eye-conserving local treatment, the option to perform a tumor biopsy to
obtain tumor tissue for genetic testing should be discussed prior to treatment. The genetic biomarkers
improve the accuracy of predicting the individual prognosis, may influence the schedule of follow-up,
and might allow for adjuvant treatments in clinical trials. Currently, no standard (adjuvant) treatment
is available for patients with high-risk or metastatic UM. When patients with UM develop metastasis
and visit the department of Medical Oncology, the strong prognostic biomarkers are not known
to be of further clinical relevance. In addition, BRAF mutations are absent in posterior UM, and
testing for the BRAF status in this patient group is ineffectual. The BRAF status in patients with
metastatic iris melanoma might be the only relevant predictive biomarker, although responsiveness to
BRAF(/MEK) inhibition is unknown. For all patients with metastatic UM, clinical trial participation
is recommended—however, rarely accessible. Of the available treatments, the combined treatment
with anti-PD1/anti-CTLA4 therapy is likely to be the best treatment option at present, at least until the
bispecific biologic tebentafusp reaches the market.

In conjunctival melanoma, little is known on prognostic genetic biomarkers due to the low
incidence of the disease, albeit mutations are frequently present. However, in the metastatic setting,
BRAF(/MEK) inhibition can induce clinical responses, and, thus, the BRAF status is a valuable
predictive genetic biomarker. Besides immunotherapy, treatment with BRAF(/MEK) inhibitors should
be considered in metastatic BRAF-mutated conjunctival melanoma and can even be considered in the
(neo)adjuvant setting. Successful targeting of other mutations might be possible in the future, both in
uveal and conjunctival melanoma, but the rarity of the diseases causes research to move forward slowly.
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