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Purpose: To present the molecular mechanisms involved in the pathogenesis of conjunctival
melanoma (CM) and review the existing literature on targeted molecular inhibitors as well as
immune checkpoint inhibitors for the management of locally advanced and metastatic
disease.

Methods: A comprehensive review of the literature was performed using the keywords
“conjunctival melanoma”, “immune checkpoint inhibitors”, “BRAF inhibitors”, “MEK inhibi-
tors”, “CTLA4 inhibitors”, “PD1 inhibitors”, “c-KIT mutations”, “BRAF mutations”, “NRAS

CLINT3

mutations”, “dabrafenib”, “trametinib”, “vemurafenib”, “ipilimumab”, “pembrolizumab”, and
“nivolumab”. A total of 250 articles were reviewed and 120 were included in this report.
Results: Mutations of mediators in the MAP kinase pathway, such as RAS, BRAF, MEK
and ERK, and mutations of the PI3K/AKT/mTOR pathway play a major role in the
pathogenesis of conjunctival melanoma. In addition, alterations of c-KIT, NF1, TERT,
chemokine receptors as well as chromosomal copy number alterations and micro RNAs
are thought to have a causative association with CM development. Targeted molecular
inhibitors, such as BRAF and MEK inhibitors, are currently being implemented in the
therapy of BRAF-mutated CM. Furthermore, immune checkpoint PD-1 and CTLA4 inhibi-
tors with favorable clinical outcomes in the treatment of cutaneous melanoma have increased
recurrence-free survival and reduced metastatic spread in CM cases.

Conclusion: The complex molecular mechanisms that contribute to the development of CM
can be targeted both by molecular inhibitors of oncogenic pathways as well as immune
checkpoint inhibitors in order to halt progression of the disease and increase survival.
Keywords: immune checkpoint inhibitors, BRAF inhibitors, MEK inhibitors, CTLA4
inhibitors, PD1 inhibitors, c¢-KIT mutations, BRAF mutations, NRAS mutations,

dabrafenib, vemurafenib, trametinib, ipilimumab, pembrolizumab, nivolumab

Introduction

Conjunctival melanoma is a malignant tumor arising from melanocytes of the ocular
surface. Although rare, it can be life threatening due to its metastatic potential. It
accounts for 2% of all eye tumors, 5% of melanomas in the ocular region' and 0.25%
of melanomas overall.” The incidence of conjunctival melanoma is rising over the last
few decades and ranges between 0.24 and 0.9 cases per one million person-years.>
Conjunctival melanocytic lesions, such as primary acquired melanosis (PAM) and
nevi are considered precursors of conjunctival melanoma.”® From a histopathology
perspective, PAM can also be classified as hypermelanosis and conjunctival
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melanocytic intraepithelial neoplasia (C-MIN) with scores
from 0 to 5 depending on the degree of atypia. PAM with
mild atypia can also be referred to as C-MIN with a score of
1, PAM with moderate atypia as C-MIN with a score of 2 to
3, while PAM with severe atypia as C-MIN with a score of
4. C-MIN with a score of 0 is PAM without atypia or
complexion-associated/benign acquired melanosis and
C-MIN with a score of 5 is conjunctival melanoma in situ.
These scores are based on evaluating the horizontal epithe-
lial involvement, the vertical depth and the cellular atypia of
the tumor cells.'®!" Pre-existing PAM lesions give rise to
57% to 76% of conjunctival melanomas,”'* while 13% to
50% of them arise from PAM with severe atypia® (Figure 1).
On the contrary, PAM without atypia, complexion asso-
ciated/benign acquired melanosis have no established link
with the development of conjunctival melanoma.® De novo
development accounts for 15% to 25% of conjunctival mel-
anomas, while pre-existent nevi are reported in 1-6% of
cases.”!?

Until recently, the pathogenesis of conjunctival mela-
noma, as well as its propensity for local invasion and
distant metastasis, have remained elusive. A number of
molecular studies have now begun to shed light to the
genetic and epigenetic alterations that give rise to conjunc-
tival melanoma and may explain its metastatic potential.
Moreover, new targeted molecular and immune-based
therapies have improved the prognosis and survival of
patients with locally invasive and metastatic conjunctival
on the molecular

melanoma. This review focuses

Figure | Conjunctival melanoma arising from a pre-existing PAM lesion.

mechanisms behind the pathogenesis of conjunctival mel-
anoma and their increasing role as therapeutic targets in
the management of this disease.

Methods

A PubMed search of all articles published in English from
January 1995 to June 2020 on the genetics, epigenetics, and
targeted therapies for conjunctival melanoma was performed.
Searches included a combination of the following terms:
“conjunctival melanoma”, “immune checkpoint inhibitors”,
“BRAF inhibitors”, “MEK inhibitors”, “CTLA4 inhibitors”,
“PDI inhibitors”, “c-KIT mutations”, “BRAF mutations”,
“NRAS mutations”, “dabrafenib”, “vemurafenib”, “trameti-
nib”, “ipilimumab”, “pembrolizumab”, and “nivolumab”.
We reviewed a total of 250 pertinent peer-reviewed publica-
tions and 120 are included in this review.

Results
Genetic and Epigenetic Changes in

Conjunctival Melanoma
Similar to skin melanoma, the majority of conjunctival
melanoma tumors harbor mutations in members of the
mitogen-activated protein kinase (MAPK) pathway. The
major players in the MAPK pathway are the RAS, BRAF,
MEK and ERK proteins, which mediate transmission of
growth signals from the cellular membrane to the nucleus
(Figure 2). Transcriptional factors that control expression of
genes with a pivotal role in cellular differentiation, growth
and survival are thus activated."* Although oncogenic acti-
vation of the MAPK pathway can be driven by multiple
mechanisms, mutations of the BRAFE, RAS, ¢KIT and NF1
genes are the most common culprits both in cutaneous and
in conjunctival melanoma cases (Figure 2).">7

The Cancer Genome Atlas Network (TCGA) study has
been pivotal in our understanding of the various molecular
signatures of cutaneous melanoma, especially as they
relate to the development of a personalized treatment
approach."® DNA, RNA and protein-based analysis of
333 primary and metastatic skin melanomas allowed for
their classification into 4 genomic subtypes: mutant BRAF,
mutant RAS, mutant NF/ and triple wild-type.'® A total of
166 (52%) tumors harbored BRAF mutations with the
V600E substitution being by far the most common one
(n = 145), followed by the V600K mutation (n=18). NRAS
mutations were found in 28% of the tumors and NF/ ones
in 14% of them. Triple wild-type tumors featured KIT
mutations, focal amplifications and complex structural
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Figure2 The molecular mechanisms behind the pathogenesis of conjunctival melanoma. The two main molecular pathways, MAPK and PI3K/AKT/mTOR, transfer

extracellular signals and promote proliferation and survival of malignant cells.

rearrangements. Although clinicopathological analysis
failed to reveal any correlation of patient outcomes to the
assigned genomic classification, immune gene expression
and a lymphocytic infiltrate on pathology was linked to
better survival of patients with regional metastases.'®

The TCGA study also confirmed the mutagenic role of
UV light in skin melanoma and its high mutational load,
since it showed that 75% of the primary and 84% of the
metastatic tumors possessed a UV signature, i.e. C>T
mutations accounted for >60% of the total mutation bur-
den or CC>TT transitions accounted for >5% of it.'®!?
A similar UV mutation signature and a high mutation
burden has recently been identified in conjunctival mela-
noma samples as well.?*?!

The most common driver mutations in conjunctival mel-
anoma are mutations in the BRAF, NRAS, c¢-KIT and NF1
genes that lead to constitutive activation of the MAPK path-
way as well as mutations in NRAS, c-KIT and PTEN that
result in activation of the PI3K/AKT/mTOR signaling path-
way (Figure 2). Table 1 summarizes the reported number
of cases for each mutation, the percentage of mutations
detected as well as any associated clinicopathological

features,'!1>-1620-2240 BRAF is a serine-threonine kinase
responsible for activating the next kinase in the pathway,
MEK. BRAF mutations have been found in 29.7% (n=167)
of conjunctival melanomas (n=563) reported to date, both
primary and metastatic (Table 1).2*3%2%40 n 98.29%
(n=165) of cases, BRAF mutations are located in codon
600, where a valine (V) is substituted either by a glutamate
(E) in 89.7% (n=148) of them, by a lysine (K) in 9% (n=15)
of them or by an arginine (R) in 0.6% (n=1) of them. One
undetermined BRAF V600 mutation has also been reported
(0.6%).>* Other BRAF mutations, such as G469A and
D594G are found in 1.2% (n=2) of the mutant BRAF con-
junctival melanomas (Table 1). The V600E, V600K, V60OR,
D594G and G469A single point mutations lead to constitu-
tive activation of the kinase domain of the BRAF protein, and
thus, to downstream activation of the MAPK pathway with-
out the need for phosphorylation by RAS.?**' These BRAF
mutations are also found in up to 52% of cutaneous

melanomas,' #6424

represent 50% of the mutations found
in benign melanocytic nevi,**** but have never been reported
in uveal melanoma.*®*® BRAF-mutant conjunctival melano-

mas seem to be characterized by a more aggressive
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Table | Review of Cases Harboring Specific Mutations, Percentage of Mutations Detected and Associated Clinicopathological Factors

Author Number of Mutation Number of | Clinicopathological Factors and Concomitant
Tested Mutated Mutations
Samples Samples
(%)
Gear et al (2004)* 22 BRAF V600E 5 (22.7%) Larger diameter, greater depth of invasion, epithelioid
cells
Goldenberg-Cohen et al (2005)** | 5 BRAF V600E 2 (40%)
Beadling et al (2008)** 13 KIT* | (7.7%)
Lake et al (2011)* 32 BRAF V600E 12 (54.5%) Concomitant TERT promoter mutation, n = 3
Griewank et al (2013)%% 78 BRAF V600E 21 (27%) Tumors involving the caruncle and tumors arising from
melanocytic nevi
BRAF G469A 1 (1.3%)
BRAF D594G 1 (1.3%)
NRAS Q61R 6 (7.7%) Concomitant TERT promoter mutation, n = 3
NRAS Q61K 3 (3.8%)
NRAS Q61H 2 (2.6%)
NRAS Q61L 2 (2.6%)
TERT 12 (15.4%)
promoter
Weber et al (2013)%® | BRAF V600E 1 (100%)
Koopmans et al (2014)*’ 39 TERT 16 (41%)
promoter
Larsen et al (2015)%* 47 BRAF V600E 15 (78.9%) Younger patients, less common in extrabulbar
conjunctiva, rarely seen with PAM, common mixed
BRAF V600K 4 (21.1%) . ! )
pigmented or non-pigmented appearance, metastasis
more common
Dagiglass et al (2016)' | BRAF V600E 1 (100%)
Maleka et al (2016)*? | BRAF V600E 1 (100%)
Larsen et al (2016)* Il BRAF V600E 32 (82%) Male patients, younger age, more frequently in sun-
exposed sites, rarely presented as PAM, frequently
BRAF V600K 7 (18%) . . :
presented as a mixed pigmented or non-pigmented
lesion, more frequent nevus origin
Pinto Torres et al (2017)** 2 BRAF V600X* | | (50%)
Cao et al (2017)'® Y] BRAF V600E 10 (26%)
Swaminathan et al (2017)%° 5 BRAF V600E 2 (40%) Concomitant TERT promoter mutation, n = |
BRAF V600K 1 (20%)
NRAS Q61R 1 (20%) Concomitant TERT promoter mutation, n = |
NFI* 1 (20%)

(Continued)
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Table | (Continued).

Author Number of Mutation Number of | Clinicopathological Factors and Concomitant
Tested Mutated Mutations
Samples Samples

%)

Kenawy et al (2018)"" 53 tested for BRAF V600E 15 (28.3%) More common lymphatic and vascular invasion, frequent
BRAF involvement of deep and lateral surgical margins
mutations,

BRAF V600K 2 (3.8%)
45 (out of 53)
tested for BRAF V600R 1 (1.9%)
NRAS
. NRAS Q61X* | 5 (11.1%) Concomitant BRAF mutation,
mutations
n=1I
NRAS G12X* 1 (2.2%)
Scholz et al (2018)'¢ 63 NF-1 T60 1 (1.6%) Concomitant BRAF mutation,
deletion n=4
Concomitant NRAS mutation,
NF-1 R262C I (1.6%)
n=2
NF-1 C42Y, I (1.6%)
G2397R,
S2587L
NF-1 S275IN, | | (1.6%)
L552P G2392E
NF-1 DI76E 2 (3.2%)
NF-1 L847P, 1 (1.6%)
P866S, VI762I
NF-1 C1899Y 1 (1.6%)
NF-1 M1180l, 1 (1.6%)
S52F Té0l
NF-1 A2715V, 1 (1.6%)
A2208T
NF-1 G2397R, | | (1.6%)
R2517fs
NF-1 11824fs 1 (1.6%)
NF-1 L1892fs 1 (1.6%)
NF-1 N1451L 1 (1.6%)
NF-1 QI815n I (1.6%)
NF-1 Q756fs 1 (1.6%)
NF-1 R1362n I (1.6%)
NF-1 R440n, 1(1.6%)
Q2239n,
SI1497F,
VI393A

(Continued)
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Table | (Continued).

Author Number of Mutation Number of | Clinicopathological Factors and Concomitant
Tested Mutated Mutations
Samples Samples
(%)
NF-1 S168L 1 (1.6%)
NF-1 S1786n, 1 (1.6%)
LI1102n,
QI8I5fs
NF-1 Y1678fs 1 (1.6%)
BRAF V600E 16 (25%)
NRAS Q6IR | 5 (8%)
NRAS Q61K | 2 (3%)
NRAS Q61H I (1.6%)
NRAS Q61L I (1.6%)
NRAS G13D I (1.6%)
NRAS G12C 1 (1.6%)
KRAS GI2A 1 (1.5%)
Demirci et al (2019)* 8 BRAF V600E I (12.5%)
NRAS Q61 3 (37.5%)
NF-1 I (12.5%)
Q1188X*
NF-1 R440X* 1 (12.5%)
NF-1 M1215K 1 (12.5%)
+S15fs
El Zaoui et al (20I9)36 31 BRAF V600E 11 (35.5%) More common PAM origin
Finger and Pavlick (2019)*’ 5 BRAF V600K 1(20%)
NRAS Q6IR I (20%)
Kiyohara et al (2019)%® 2 BRAF V600E 2 (100%)
Chang et al (2019)*° I NRAS* 1 (100%)
Rossi et al (2019)* I BRAF V600E I (100%)
Note: *The exact mutation is not reported.
Abbreviations: fs, frameshift mutation; n, nonsense mutation.
behavior than BRAF wild-type melanomas (Table pathogenic role of exposure to UV radiation for the develop-

1).!1:22:26.273033.36.30 They are more common in younger

male patients and are associated with an increased metastatic

130.33.50

potentia via both the lymphatic and the vascular

route.'" Clinically, BRAF-mutant conjunctival melanomas

arise more frequently on the bulbar than the palpebral

30,33

conjunctiva, which may also indicate the potential

ment of such tumors. Finally, they are associated with
a greater depth of invasion.''

Following BRAF, the most common mutated gene in
the MAPK pathway is NRAS. NRAS belongs to the RAS
kinase family of small guanine nucleotide-binding proteins

(HRAS, KRAS, NRAS) that become activated by receptor
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tyrosine kinases. NRAS mutations are present in 6.4%
(n=36) of conjunctival melanomas and up to 28% of

11,16,20,26,27,35,37,39 and are

cutaneous melanomas (Table 1)
not found in uveal melanomas.*>>* In 88.9% (n = 32) of
cases, NRAS mutations are located in codon 61, where
a glutamine (Q) is substituted either by an arginine (R)
in 40.6% (n=13) of them, by a lysine (K) in 15.6% (n=5)
of them, by a histidine (H) in 9.4% (n=3) of them or by
a leucine (L) in 9.4% (n=3) of them. In 25% (n=8) of the
reported cases, the amino acid substitution at codon 61 has
not been characterized. The G13D, G12N and G12C muta-
tions are found in 8.3% (n=3) of the mutant NRAS con-
junctival melanomas, while one reported case has not been
characterized further.** The Q61 and G12/13 single point
mutations favor the GTP-bound active conformation of the
RAS protein, which in turn leads to cellular proliferation
via the constitutive activation of the MAPK and PI3K/
AKT/mTOR pathways.>® Similar to cutaneous melanomas,
NRAS mutations are for the most part mutually exclusive
with BRAF mutations®®**>>* since only 2 conjunctival
melanoma cases with simultaneously mutated BRAF and
NRAS genes have been reported to date.''’

Another commonly mutated gene in conjunctival mela-

noma is NF1,'63

which encodes the tumor suppressor pro-
tein neurofibromin that negatively regulates the MAPK
pathway (Figure 2). NFI mutations have been identified in
4.4% (n=25) of reported conjunctival melanoma cases
(Table 1)'** and in 14% of cutaneous melanomas.'® NF1
mutations have been associated with sun-exposed cutaneous
melanomas.'®> More than 25 distinct NF-1 single point
mutations have been described (Table 1) that lead to loss of
action of this tumor suppressor gene. The result is elevated
levels of GTPase activation protein (GAP), which induces
RAS signaling and activates the MAPK and PI3K/AKT/
mTOR cell proliferation pathways.’® Similar to cutaneous
melanoma,'®>> NF/ mutations can coexist with oncogenic
BRAF (n=4) or NRAS mutations (n=2) (Table 1).'"'® Co-
existence of NFI and c-KIT gene mutations has been found
in about 30% of mucosal melanomas,”’ but not in conjuncti-
val melanoma (Table 1).

Conjunctival melanomas with mutations in the receptor
tyrosine kinase c-KIT represent a relatively rare subset.
¢-KIT mutations are only present in 0.2% (n=1) of con-
junctival melanomas (Table 1)** and in about 15% of
acral, mucosal and chronic sun damaged skin
melanomas.’>® The KIT single point mutations lead to
ligand-independent phosphorylation and activation of KIT,

which then leads to constitutive activation of the MAPK

and the PI3K/AKT/mTOR pathways.®® Similar to cuta-
neous melanoma,* they demonstrate mutual exclusivity
with NRAS and BRAF mutations (Table 1)'” and overall
appear more frequently in older patients.®'

Other than the MAPK pathway, an oncogenic NRAS or
a mutated c-KIT can also activate the PI3K/AKT/mTOR
cell proliferation pathway. This pathway can also be acti-
vated by loss of function of the PTEN tumor suppressor
(Figure 2).* An activated PI3K/AKT/mTOR pathway
plays a major role in invasion and metastasis of cutaneous
melanoma.®®> In conjunctival melanoma, an activated
PI3K/AKT/mTOR pathway has been linked to higher
mitotic index and increased tumor thickness, both of
which are poor prognostic features.®” Moreover, the
tumor suppressive nuclear fraction of PTEN is low in
conjunctival melanomas®* as well as in 65% of cutaneous
melanomas.®*%>

Epigenetic changes that have been linked to the devel-
opment of conjunctival melanoma include mutations in the
promoter of the TERT gene, increased expression of cer-
tain chemokine receptors and microRNAs in tumor cells,
and chromosomal copy number alterations. The TERT
gene encodes the telomerase reverse transcriptase,
a subunit of the telomerase complex that is responsible
for adding repetitive sequences at the end of chromo-
somes, thus making them resistant to degradation. TERT
promoter mutations increase the expression of the TERT
subunit, are present in 64—68% of primary and metastatic
cutaneous melanomas and have been associated with
shorter survival rates.®® About 5% (n=28) of conjunctival
TERT  promoter

while 1.4% (n=8) of them also possess

melanomas possess a

26,27,29

single
mutation,
either a concomitant BRAF (n=4)*>%* or a concomitant
NF1 (n=4)*"*%?7 mutation (Table 1). Most TERT muta-
tions consist of the UV signature C>T or CC>TT nucleo-
tide changes.?*!

Chemokines are small secreted proteins that belong to
the subfamily of cytokines and are thought to play a role in
tumor proliferation, invasion and metastasis of various
tumors, including cutaneous and uveal melanoma.®’ "
Chemokines are secreted not only by tumor cells but also
by stromal and immune cells, and are, thus, involved in
regulating the immune response against the tumor.”'
Binding of the chemokine CXCLI12 to the chemokine
receptor CXCR4 activates both the MAPK and the PI3K/
AKT/mTOR pathways and prolongs the survival and
spread of tumor cells (Figure 2).°® Van Ipenburg et al

studied the expression pattern of chemokine receptors
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CCR10, CCR7, and CXCR4 as it relates to the progression
of nevi and PAM to conjunctival melanoma as well as to
the metastatic potential of the latter.”> Indeed, chemokine
receptor expression was significantly lower in nevi than in
melanomas and atypical PAM lesions. Moreover, CXCR4
receptor expression correlated very well with the propen-
sity of conjunctival melanoma for metastasis in a mouse
experimental model.”> Thus, chemokine receptors may
serve as additional therapeutic targets while changes in
their expression profiles may provide valuable information
on the prognosis and metastatic potential of conjunctival
melanoma tumors.

Chromosomal copy number alterations (CNAs) have
also been studied in conjunctival melanomas and have
been mostly associated with BRAF/NRAS wild-type
tumors.''**”® The most frequent CNAs in conjunctival
melanoma are losses of 1p, 3q, 6q, 8p, 9p, 9q, 10, 1lq,
12q, 13, 15p, 16p, 17p and 19 and gains of 1q, 3p, 4q, 6p,
7, 8q, 11q, 12p, 13q, 14p, 17q and 22q."'"2°2%7475 A 6p
regional gain, which is also present both in cutaneous and
in uveal melanomas, seems to be the most common CNA
in conjunctival melanoma and has been detected by sev-
eral groups using a variety of molecular methods ranging
from multiplex ligation-dependent probe amplification to
whole-exome sequencing.''*%*>?® Loss of the 10q region,
which includes the PTEN locus, has been linked to lym-
phatic and metastatic spread as well as to greater tumor
thickness and a mutated BRAF gene.'' It is estimated that
approximately 30% of BRAF and 43% of NRAS mutations
in conjunctival melanoma are due to losses or gains of
oncogenic loci.**”® In particular, NRAS mutations are
commonly linked to 1q, 3p or 17q gains and BRAF muta-
tions to loss of chromosome 10.''-

Finally, micro RNAs have also been implicated in the
pathogenesis of conjunctival melanoma. Micro RNAs are
small non-coding RNA molecules that act as epigenetic
regulators by mediating post-transcriptional silencing of
certain genes. These molecules are associated with many
cancers, including cutaneous and mucosal melanoma, as
both as
suppressors.”®’® High expression of miR-30d, miR-506,
miR-509, miR-146 and miR-20b, has been detected both

16,30 79,80

they can serve oncogenes and tumor

in cutaneous and in conjunctival melanoma.
Upregulation of miR-20b has been linked to PTEN sup-
pression, while overexpression of miR-3916 may predis-
pose to local recurrences.’®’® Therefore, targeting miRNA
expression holds promise for the management of conjunc-
tival melanoma.®'

Targeted Molecular Inhibitors for the

Management of Conjunctival Melanoma
Both the MAPK and the PI3K/AKT/mTOR pathways have
provided valuable molecular targets for the management of
cutaneous and conjunctival melanoma. Several inhibitors
have been developed and are currently in clinical practice,
while various others are under investigation in clinical
trials.

In cutaneous melanoma, vemurafenib and dabrafenib
were the first inhibitors developed to bind to the active
conformation of BRAF and, thus, place a halt to the
constitutive activation of the MAPK pathway.®*** These
inhibitors have proven particularly potent for melanomas
harboring the BRAF V600E mutation.®* The remarkable
and unprecedented tumor responses that were originally
observed in metastatic BRAF V600E cutaneous melano-
mas have not proven sustainable in the majority of patients
as melanoma cells develop ways to bypass BRAF inhibi-
tion and activate the downstream effector protein,
MEK 3588 Thus, MEK inhibitors, such as trametinib,
have also been developed and used successfully in resis-
tant BRAF skin melanomas or in combination with BRAF
inhibitors in BRAF mutant melanomas.****° In a laboratory
study of NRAS mutated skin melanomas, a mutation
mutually exclusive with BRAF, MEK inhibitors in combi-
nation with PI3K/mTOR inhibitors led to
shrinkage.”’ This combination treatment scheme is now

tumor

under investigation in clinical trials.’?

The use of targeted molecular inhibitors in the manage-
ment of conjunctival melanoma has been supported by
experimental in vitro data. Use of the BRAF inhibitors
vemurafenib and dabrafenib halted growth and proliferation
of two BRAF V600E mutant conjunctival melanoma cell
lines."> A MEK and an AKT inhibitor have also demon-
strated a dose-dependent action in suppressing proliferation,
while combination of these two inhibitors acted synergisti-
cally and resulted in cell death in the two BRAF V600E
mutant cell lines as well as in one NRAS Q61L mutant
one."” The vemurafenib isoform PLX 4720 has also been
tested on two BRAF V600E mutant conjunctival melanoma
cell lines and one BRAF wild-type cell line.”® The inhibitor
acted dose-dependently and had a cytotoxic effect in one of
the two BRAF V600E mutant cell lines. The BRAF wild-type
cells were only affected in high concentrations of the
inhibitor.”® Finally, in another study, vemurafenib was only
marginally effective in halting growth of a BRAF V600E
mutant melanoma cell line. In contrast, this cell line was
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Table 2 Review of Cases, Interventions, and Outcomes of Locally Invasive and Metastatic Conjunctival Melanoma Treated with

Targeted Molecular Inhibitors

Author Age Sex Clinical Management | Agent(s) Used | Toxicity Response | Follow-
(Years) Indication Up
(Months)
Griewank et al 43 Male Metastasis to BRAF inhibitor | Dabrafenib None Partial 6
(2013)* muscle, lungs,
brain
Weber et al (2013)%® 45 Male Metastasis to BRAF inhibitor | Vemurafenib None Mixed* 2
lymph nodes,
subcutaneous
tissue, lungs,
bones
Dagi Glass et al 6l Female | Locally BRAF/MEK Dabrafenib/ Nausea, Nearly 23
(2016)*' advanced inhibitors, then | Trametinib, then | vomiting complete
disease BRAF inhibitor | Vemurafenib,
alone, then then
anti-PD 1, then Pembrolizumab,
again BRAF/ then
MEK inhibitors | Vemurafenib/
Cobimetinib
Maleka et al (2016)? 53 Female | Orbital, BRAF inhibitor | Vemurafenib Maculopapular | Partial 4
parotid gland, rash
lung and brain
metastasis
Pinto Torres et al 56 Female | Metastasis to BRAF inhibitor | Vemurafenib Arthralgia, Complete | 52
(2017)** lymph nodes diarrhea, skin
and rash
oropharynx
Kiyohara et al 71 Male Local BRAF inhibitor, | Vemurafenib, Erythema Partial 30
(2019)°® recurrence then anti-PD| then Nivolumab | multiforme-like
and and BRAF/MEK | and Dabrafenib/ | eruption,
metastasis to | inhibitors Trametinib keratinous
liver and nodules on
vertebrae chest and scalp
72 Male Metastasis to BRAF/MEK Dabrafenib/ None Complete | 6
lymph nodes inhibitors Trametinib
Demirci et al (2019)* | 70 Female | Locally BRAF/MEK Dabrafenib/ None Substantial | 15
advanced inhibitors Trametinib
disease
Rossi et al (2019)*° 70 Male Metastasis to BRAF/MEK Dabrafenib/ Fever, elevated | Partial I
lymph nodes inhibitors Trametinib liver enzymes months

Note: *In this case, the patient experienced initial regression of disease at | month, followed by progression at 2 months.

sensitive to the MEK inhibitor trametinib and the PI3K
inhibitor pictilisib.*® The same authors also showed that the
NRAS Q61L mutant melanoma cell line was moderately
sensitive to pictilisib.*®

To date, a total of nine conjunctival melanoma cases have
been managed with BRAF and BRAF/MEK inhibitors

(Table 2)?831:32:34.35.3840.94 pour cases were treated solely

28,32,34,94

with BRAF inhibitor monotherapy, either with
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vemurafenib®>**** or dabrafenib.”® The remaining five cases
received BRAF/MEK

31,35,38,40

combination
131353840

inhibitor
therapy with dabrafenib/trametini and
vemurafenib/cobimetinib.>' In one case, the anti-PD1 agent
pembrolizumab was also used®' and in another case, the anti-
PD1 agent nivolumab was given in combination with dabra-
fenib and trametinib.*®

Indications for treatment included locally advanced

3135 and metastatic disease in the

disease in two cases
remaining seven cases.”®3224384094 Oyt of the 4 cases
that received BRAF inhibitor monotherapy, one patient
demonstrated mixed results, with initial improvement fol-
lowed by disease progression,”® two patients responded

partially to the treatment,>"*

and one patient with meta-
static disease was on complete remission at 52 weeks of
follow-up.>* Out of the 3 cases that received BRAF/MEK

inhibitor combination therapy alone,***4

one patient
with metastatic disease demonstrated complete disease
remission,”® while another one showed only partial
improvement.*” The third patient, who had presented
with locally advanced conjunctival melanoma, responded
substantially to BRAF/MEK inhibition as neoadjuvant
therapy, which allowed for the subsequent resection of
the shrunk lesion.*” Finally, two cases describe treatment
strategies which include BRAF/MEK inhibitor combina-
tion therapy followed by or preceded by BRAF inhibitor
monotherapy and anti-PD1 agents. In one case, sequential
monotherapy with vemurafenib and pembrolizumab sub-
stituted BRAF/MEK inhibition therapy with vemurafenib/
trametinib due to intolerable side effects.*’ Upon re-
initiation of the BRAF/MEK inhibitor scheme, the MEK
inhibitor cobimetinib substituted trametinib.*® In another
case reported by Kiyohara et al, vemurafenib monotherapy
led to serious side effects (erythema multiforme-type skin
eruption) and disease progression.*® Thus, the patient was
switched to nivolumab and combined BRAF/MEK inhibi-
tor therapy with vemurafenib and trametinib.*® The
response was disappointing to both single and combined
treatment in contrast to the first case, which demonstrated
nearly complete regression after re-initiation of BRAF/
MEK inhibitors.

Common toxicities of the BRAF inhibitor vemurafenib
have been described in cases of skin melanoma and
include cutaneous manifestations, such as rash, keratoa-
canthoma and cutaneous squamous cell carcinoma, arthral-
gia, fatigue, nausea, diarrhea, photosensitivity, alopecia
and liver function abnormalities.*®°> Photosensitivity and
rash typically manifest first, within the first days of drug

administration, while arthralgia, diarrhea, fatigue, alopecia
and skin lesions appear weeks to months later.”®
Photophobia may persist with drug use, while other side
effects usually regress after the first few months.”>%¢
Dabrafenib is associated with pyrexia, fewer skin manifes-
tations overall and rarely with photosensitivity.”*?” BRAF/
MEK inhibitor therapy has been linked to the BRAF
inhibitor-related aforementioned adverse effects as well
as to QT prolongation and uveitis.”>®” Such side effects
lead to dose modification or treatment interruption in 38%
of patients receiving vemurafenib for skin melanoma.®*-*®
The MEK inhibitor trametinib has been associated with
decreased left ventricular ejection fraction, peripheral
edema, interstitial lung disease, pneumonitis and ocular
side effects, such as central serous retinopathy, retinal
retinal

occlusion and

89,98

vein pigment  epithelial
detachments.

Among the reported cases of patients who received
single BRAF inhibitor for conjunctival melanoma, cuta-
neous side effects were the most common. A low-grade

skin rash developed in two patients,*>*

while one patient
developed an erythema-multiforme-like eruption and ker-
atinous nodules on the chest and scalp.”® Arthralgia and
diarrhea were also reported in one patient.** BRAF/MEK
inhibitor combination therapy was associated with severe
nausea and vomiting, which in one case led to discontinua-
tion of the treatment,31 as well as with elevation of liver
enzymes and pyrexia, which was successfully treated with
paracetamol.*’ In total, four of the nine reported cases
tolerated BRAF inhibitor monotherapy or BRAF/MEK
inhibitor combination therapy well with no reported side

effects. 77594

Immune Checkpoint Inhibitors for the

Management of Conjunctival Melanoma
Immune checkpoint inhibitors are monoclonal antibodies
that target molecules, such as the T cell receptors CTLA4
and PDI1, both referred to as immune checkpoints. The
ligands of these receptors are expressed on tumor cells and
inhibit the activation of the T cells, thus acting as “brakes”
of the immune response and allowing tumor cells to
escape immune destruction. Immune checkpoint inhibi-
tors, also known under the wider term immunotherapy,
stop the inhibitory action of the checkpoints, thus enabling
T cells to fight their target.”

Over the last 10 years, immune checkpoint inhibitors
have significantly increased the survival of patients with
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Table 3 Review of Cases, Interventions, and Outcomes of Locally Invasive and Metastatic Conjunctival

Melanoma Treated with

Immunotherapy
Author Age Sex Clinical Management Immunotherapy Toxicity Response | Follow-
(Years) Indication Agent(s) Used Up
(Months)
Chang et al | 60 Female | Locally advanced Combination Ipilimumab and Hepatitis, Partial 24
isease and liver immunothera ivolumab, then infusion
2019)*° di dl i herapy | Nivolumab, th infusi
metastasis Nivolumab alone, then | reaction
Pembrolizumab alone
Finger and | 76 Male Locally advanced Sequential Ipilimumab, then Adrenal Complete 36
Pavlick disease immunotherapy Pembrolizumab insufficiency,
and topical skin ras
2018)*’ d I IFN kin rash
a2b
94 Female | Locally advanced Combination Pembrolizumab and None Partial 5
disease immunotherapy low dose Ipilimumab
84 Female | Locally advanced Combination Pembrolizumab and None Partial 31
disease immunotherapy low dose Ipilimumab
and intralesional
IFN o2b
76 Female | Metastasis to Sequential Ipilimumab, then None Complete 63
lymph nodes, lung, | immunotherapy Pembrolizumab
subcutaneous
tissue
72 Female | Metastasis to Combination Ipilimumab and Hepatitis, Partial 33
lungs, liver, lymph | immunotherapy Nivolumab colitis,
nodes, pneumonitis
subcutaneous
tissue
Sagiv et al 50 Female | Metastasis to Single agent Nivolumab Hepatitis Complete 9
(2018)'%¢ lungs and liver immunotherapy
54 Female | Metastasis to lung | Single agent Nivolumab Colitis Complete 12
immunotherapy
68 Female | Metastasis to lung | Sequential Pembrolizumab, then Hepatitis Partial, 13
and lymph nodes immunotherapy Ipilimumab+ then
and Dacarbazine progression
chemotherapy
74 Male Metastasis to lung | Single agent Nivolumab Colitis Complete 12
immunotherapy
Ford et al 28 Female | Metastasis to Single agent Nivolumab None Complete 36
(20I7)I05 breast, lungs, immunotherapy
clavicle, thigh
Kini et al 64 Male Locally advanced Single agent Pembrolizumab None Complete 18
(2017)'%7 disease immunotherapy
Pinto 51 Male Metastasis to Single agent Pembrolizumab None Complete 8
Torres et al lymph nodes and immunotherapy
subcutaneous
(2017)** b
tissue
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metastatic cutaneous melanoma. The first checkpoint inhi-
bitor that revolutionized the treatment of metastatic cuta-
neous melanoma was ipilimumab, a monoclonal antibody
against CTLA4.'"° Since then, two additional monoclonal
antibodies against the PD-1 receptor have been approved
by the Food and Drug Administration in the United States
for the management of metastatic skin melanoma, nivolu-
mab and pembrolizumab. Combination therapy with ipili-
mumab and nivolumab or pembrolizumab and nivolumab
has further improved the overall survival of metastatic skin
melanoma patients compared to monotherapy with either
albeit at the cost of higher
toxicities.'?''% Specifically, in the randomized controlled

of the three agents,

trial conducted by Larkin et al, patients with untreated,
unresectable or metastatic stage III or stage IV BRAF
V600E mutant skin melanoma demonstrated a 52% overall
S-year survival when on combined nivolumab-plus-
ipilimumab therapy.'®" In contrast, 5-year survival was
44% when nivolumab was given alone and 26% when

191 With respect to

ipilimumab was used as monotherapy.
uveal melanoma, use of checkpoint inhibitors has not led
to favorable outcomes due to the low mutational burden
and the low PD-L1 expression in uveal melanoma
cells, 103:104

Clinical application of immune checkpoint inhibitor ther-
apy in the treatment of conjunctival melanoma has been
reported in thirteen cases so far (Table 3).34:37:39.105-107 e
clinical indication for treatment in the majority of cases was
metastatic disease.>*"'9%1% In four cases, checkpoint inhi-
bitors were given for the management of locally advanced

. 37,10
disease®”1%7

and in one case both for locally advanced and
metastatic disease.”® Two patients with locally advanced
disease were also given topical or intralesional interferon
02b along with the systemic immunotherapy agents.”’
Immunotherapy was administered as a single agent in six

34,105-107 37,106 and as

cases, as sequential therapy in three cases
combination immunotherapy in four cases.’’~ In the three
patients who received sequential immunotherapy, a treatment
switch was done either due to adverse effects®’ or to disease
progression.®”'% Among the four patients who received com-
bination therapy, pembrolizumab and low dose ipilimumab
were used in two cases,”’ while ipilimumab and nivolumab
were used in the other two.?””° Among the six patients who
were given single-agent immunotherapy, four received

105,106
ab >

nivolum and two pembrolizumab.**'*” Overall, the

treatment response rate was favorable, with eight of the thir-

. . . 4,37,105-1
teen patients showing complete regression.>**”-1951%7 Four

3739 while one patient showed an

106

patients responded partially,
initial partial response followed by disease progression.

Immune checkpoint inhibitors have serious side effects, as
they activate the immune system not only against tumor cells
but also against normal tissue. The most common side effects
are immune-related adverse events as well as the reignition of
pre-existing autoimmune diseases.'**!'*” The most common
toxicities involve the gastrointestinal tract such as colitis,
cholangitis, pancreatitis and hepatitis,''®"'> followed by
endocrine dysfunction such as adrenal insufficiency, hypothyr-
oidism and type I diabetes and cardiovascular complications
such as myocarditis."'*'"*~''> Pneumonitis and acute kidney

10,116 while ocular side effects have

injury can also occur,
rarely been described as well and include dry eyes, conjuncti-
vitis, episcleritis, keratitis, anterior and posterior uveitis, and
orbital inflammation."'”"'® In the thirteen reported cases of
locally advanced and metastatic conjunctival melanoma trea-
ted with immune checkpoint inhibitors, six patients did not

experience any adverse events®*>7+10%107

colitis were seen in four®’-%10¢

while hepatitis and

and three patients®”%

respec-
tively. Other side effects included adrenal insufficiency and
skin rash in one patient,>’ pneumonitis in one patient’’ and

infusion reaction in another one.>’

Conclusion

Conjunctival melanoma is a rare, but deadly malignancy
given its metastatic potential. The gold standard for the
treatment of localized disease is wide surgical excision with
adjunctive cryotherapy. Until recently, the prognosis of
patients with metastatic disease was grim with a median
survival of only 8 months after systemic metastasis.''
However, better understanding of the molecular pathways
responsible for the pathogenesis of conjunctival melanoma
has paved new ways towards novel promising treatment
agents. The molecular nature of conjunctival melanoma is
partially similar to cutaneous melanoma, thus, many of the
targeted management options used in skin melanoma are also
benefitting locally advanced and metastatic conjunctival mel-
anoma patients. Targeted molecular inhibitors against
mutated intracellular mediators, such as BRAF and MEK,
have been used with favorable results. Moreover, immune
checkpoint inhibitors, such as anti-PD1 and anti-CTLA4
agents, have also produced complete or partial regression in
patients with a wild-type BRAF gene. These targeted mole-
cular and immunotherapy agents have given rise to a new era
of substantially improved survival for advanced conjunctival
melanoma patients. At this time, testing for underlying muta-
tions is not standard practice in patients with localized
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disease who undergo complete excision with cryotherapy. As
genetic testing becomes more readily available, a concerted
effort to characterize these tumors at a molecular level, even
when they are localized, will increase our understanding of
their biology and evolution as they recur or metastasize. This
will allow for further personalized treatment with increased
surveillance of patients with a high-risk genetic background
in their primary tumor.
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