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ABSTRACT

Recent developments in oncology have led to a better molecular and cellular understanding of 
cancer, and the introduction of novel therapies. Conjunctival melanoma (CoM) is a rare but 
potentially devastating disease. A better understanding of CoM, leading to the development of 
novel therapies, is urgently needed.

CoM is characterized by mutations that have also been identified in cutaneous melanoma, e.g. in 
BRAF, NRAS and TERT. These mutations are distinct from the mutations found in uveal melanoma 
(UM), affecting genes such as GNAQ, GNA11, and BAP1. Targeted therapies that are successful in 
cutaneous melanoma may therefore be useful in CoM. 

A recent breakthrough in the treatment of patients with metastatic cutaneous melanoma was the 
development of immunotherapy. While immunotherapy is currently sparsely effective in intraocular 
tumours such as UM, the similarities between CoM and cutaneous melanoma (including in their 
immunological tumour micro environment) provide hope for the application of immunotherapy in 
CoM, and preliminary clinical data are indeed emerging to support this use.

This review aims to provide a comprehensive overview of the current knowledge regarding CoM, 
with a focus on the genetic and immunologic understanding. We elaborate on the distinct position of 
CoM in contrast to other types of melanoma, and explain how new insights in the pathophysiology 
of this disease guide the development of new, personalized, treatments. 

Article Highlights

•	 CoM is a rare but potentially deadly extraocular tumour, with a rising incidence.
•	 Genetic mutations in CoM resemble those in cutaneous melanoma, but not UM.
•	 The presence of immune cells is important for the development and control of CoM.
•	 Targeted therapy and checkpoint inhibitors can be applied to treat CoM patients.
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1. INTRODUCTION

Conjunctival melanoma (CoM) is a rare but potentially devastating disease. With an incidence of 
0.3 – 0.8/million in Caucasian adults,1-4 it accounts for about 5% of ocular melanoma cases.4,5 The 
estimated number of new cases per year is 130 in the USA, and 320 in Europe. CoM originates 
from melanocytes in the basal layers of the conjunctiva, and can develop in an area of primary 
acquired melanosis (PAM), in a nevus, or de novo.6 The role of ultraviolet (UV) radiation in CoM 
development is under discussion, following long-standing epidemiological and more recent genetic 
work. 

Originating from the conjunctiva, CoM is a mucosal melanoma with much resemblance to 
melanoma of the skin.7,8 This may be no surprise when looking at the histological and functional 
similarities of these epithelial tissues. CoM is a very different entity compared to uveal melanoma 
(UM), which affects the choroid, ciliary body or iris,9 and CoM and UM have distinct aetiologies 
and genetic backgrounds.10 

In clinical practice, CoM most typically presents as a pigmented lesion near the limbus of the 
eye. Any part of the conjunctiva can be affected, however, and lesions may range from amelanotic 
to deeply pigmented or even black (Figure 1). Localised disease is commonly treated by surgical 
excision and adjuvant therapy (such as cryotherapy, radiotherapy or topical chemotherapy), while 
widespread disease on the ocular surface or palpebral conjunctiva may need more extensive therapy 
such as orbital exenteration.11 Despite treatment, up to 66% of CoM patients may develop local 
recurrences,12 and up to 38% will die due to the disease within 10 years of primary treatment 
(Figure 2).1,13 Risk factors for metastases formation include a greater tumour thickness, non-
bulbar location, low tumour pigmentation, histologic ulceration, and local invasion.6,14-16 A better 
understanding of CoM, leading to novel therapies, is therefore urgently needed.

Recent developments in the field of oncology have led to a better understanding of cancer and 
the introduction of novel therapies. These therapies include ‘targeted therapy’, aiming at specific 
cellular pathways and genetic mutations of cancer cells, and ‘immunotherapy’, that activates the 
patient’s own immune system to block tumour growth. Knowledge of the genetic and immunologic 
environment of CoM may expedite the introduction of these therapies in CoM.
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Figure 1. Conjunctival melanoma (CoM). The clinical presentation of CoM varies, as the disease can present at any 
part of the conjunctiva, and the colour can range from amelanotic to deeply pigmented. Treatment options are largely 
based on tumour size and location. (A) Localized lesion of the bulbar and limbal conjunctiva, with light-to-medium 
pigmentation. (B) Large pigmented lesion of the limbal conjunctiva, with an extensive area of primary acquired 
melanosis (PAM) on the inferior bulbar and forniceal conjunctiva. Note the marked conjunctival vessels approaching 
the nodular lesion. (C) Amelanotic bulbar lesion, three years after excision of an earlier CoM. (D) Large pigmented 
lesion, hidden in the inferior fornix of the eye. The obscured location of this lesion caused delayed presentation, which 
limited therapeutic options.

Figure 2. Clinical outcome of CoM patients. Kaplan-Meier analysis of 70 CoM patients, treated between 2001 and 
2014 in The Netherlands. Included were 54 (77%) T1 tumours and 16 (23%) T2 tumours, mean tumour thickness 
was 2.3mm. Mean follow-up time was 70.2 months. (A) recurrence-free survival, (B) metastasis-free survival, (C) 
overall survival. [The cohort was reported earlier by Brouwer et al, 2018.13]



85

Tumour Genetics and Immunology in Conjunctival Melanoma

3.
1

The genetic background of CoM is characterized by mutations in genes such as BRAF, NRAS, 
and TERT.17,18 These mutations are common in cutaneous melanoma as well, and distinct from 
the mutations that occur in UM, affecting e.g. GNAQ, GNA11, and BAP1. Targeted therapies 
have recently been introduced successfully in the treatment of cutaneous melanoma: the use of 
vemurafenib (targeting the BRAF mutation) resulted in a better overall survival of cutaneous 
melanoma patients.19 New insights regarding the development of treatment resistance led to the 
combined therapy of BRAF and MEK (i.e. Mitogen-activated ERK kinase) inhibitors, with even 
better results.20 Because of the molecular resemblance of CoM and cutaneous melanoma, these drug 
developments may be introduced to treat CoM. Some promising case studies of targeted therapy in 
CoM have been published recently,21 and further (pre-clinical) studies are being performed.

T﻿he tumour micro-environment of different types of melanoma has been studied for many decades, 
but is under increasing interest following the discovery of immunotherapy that enhances the body’s 
own immune system to attack tumour cells. Examples of this breakthrough in the treatment of 
metastatic melanoma are checkpoint-inhibitor therapies with ipilimumab (targeting CTLA-4) and 
nivolumab (targeting PD-1), which via different routes activate a CD8+ T cell response. Early 
studies showed improved survival in patients with unresectable metastatic cutaneous melanoma 
who were treated with ipilimumab, compared to gp100 vaccination.22 Later studies found improved 
survival for nivolumab treatment compared to dacarbazine chemotherapy.23 While the success of 
immunotherapy is as yet limited in intraocular UM24 (possibly because of the immune privilege 
of the eye where tumour escape mechanisms hamper immune surveillance),25 the similarities 
in tumour micro environment between extra-ocular CoM and cutaneous melanoma led to the 
belief that immunotherapy should also be applied to CoM. Promising data on small scale use of 
immunotherapy in CoM have been reported,26,27 and the evaluation of the newest therapies is 
awaited.

T﻿his review aims to provide an overview of the current knowledge regarding the genetic and 
immunologic understanding of CoM, and the implications for treatment. We touch upon 
similarities and differences between CoM and other types of melanoma, and explain how new 
insights in the pathophysiology of this disease guide the development of new therapies. 

2. EPIDEMIOLOGY AND ETIOLOGY

General incidence

The incidence of CoM ranges between 0.3 and 0.8/million in Caucasian adults.1,3,5,12,28 It is the 
second most prevalent malignancy of the conjunctiva, after squamous cell carcinoma (also known 
as ‘ocular surface squamous neoplasia, OSSN’).29 CoM accounts for approximately 5% of all primary 
ocular melanoma, being overshadowed by the far more prevalent UM.4,5 The incidence of CoM 
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increases with age: CoM mainly affects patients from the fifth/sixth decade of life onwards,1-4,30 
and is rare in children and adolescents.31 The incidence can be considered equal between men and 
women, although some studies report a slightly higher incidence amongst males (with a male-to-
female ratio of 1.26:1 and 1.29:1).5,32 For the USA and Europe, with a current population of 335 
million and 740 million,33,34 the overall incidence results into an estimated 130 and 320 new cases 
of CoM per year, respectively.5,28

The number of reports on the incidence of CoM is limited. In national registries, CoM is often 
classified together with other types of ocular melanoma, limiting the ability to obtain tumour-
specific data.2,28 Current data mainly originate from North America or Europe, limiting data on 
population groups other than Caucasians. 

Geographical and racial differences

The incidence of CoM varies between geographical areas as well as between population groups 
with a different racial background. This may point towards a genetic (or population-related) 
predisposition, as well as a role for environmental factors (such as UV-radiation) in development 
of CoM.

CoM is typically considered a disease of people with (northern) European ancestry, occurring 
most frequently in the Nordic countries and parts of North America (Figure 3); however, it can 
impact people of any descent. A significantly higher incidence has been observed among Non-
Hispanic Whites (0.49/million) compared to Hispanics (0.33/million), Blacks (0.18/million), 
American Indians (0.17/million), and Asians (0.15/million) in a large American study on CoM 
and race.35 Recent work from Canada identified a higher incidence of CoM in the eastern Canadian 
provinces, with presumably many inhabitants of European descent,32 corresponding with elevated 
incidences of cutaneous melanoma. In this study, the incidence of CoM was somewhat lower in 
Canada compared to the USA. This was attributed to the South-to-North gradient, with a lower 
occurrence of CoM in Canada due to less UV-radiation at the higher latitude.36 This Canadian 
study demonstrated that effects from both latitude (comparing Canada and the USA) as well as 
ethnic background (within Canada itself ) are important factors in CoM development. A recent 
population-based study from Europe found a CoM incidence of 0.28/million in Southern Europe, 
and up to 0.90/million in Northern Europe.28 The highest incidences were found in Norway, The 
Netherlands and Switzerland, which were also the countries with the highest incidence of cutaneous 
melanoma. This study did not identify a significant association between the incidence of CoM and 
the latitude of the reported countries, which may be due to an analysis that did not stratify for racial 
background, levelling out an effect of latitude. 
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Figure 3. World map of the incidence of conjunctival melanoma. Data are depicted for countries with known 
incidence data based on more than 15 cases. For the USA and Canada, data are presented with a range since there is 
significant spread within these large countries. Incidence data source: (North America) Canada,32 USA;5,36 (Europe) 
Finland,1 Sweden,3 Denmark,30 Germany,37 Ireland, UK, Netherlands, Norway, Czech Republic, Slovakia, Bulgaria, 
Austria, Switzerland, and Italy;28 (Asia) Korea;38 (Australia).39

Epidemiologic observations from CoM in the US partially parallel those of UM, a disease that 
is most prevalent in non-Hispanic Whites (6.02/million), and less frequently seen in Hispanics 
(1.67/million), Asians (0.38/million) and Blacks (0.31/million).40 Illustrating different aetiologies 
between CoM and UM, a significant higher UM incidence was observed for northern latitudes 
compared to other latitudes in an American36 as well as a European41 study. 

In non-Caucasian populations, despite the rarity in absolute numbers, CoM is relatively prevalent 
compared to other ocular melanomas. A registry from South Korea found that 19% of all ocular 
melanoma were CoM,38 which is much higher than the 5% in an American data set.5 In the 
American National Cancer Institute’s Surveillance, Epidemiology and End Results (SEER) registry, 
for non-Hispanic whites, an incidence ratio of 12.7 UM to every CoM was established, while this 
was 2.2 UM per CoM in Blacks, and 1.7 UM per CoM in Asians.35 As will be further described in 
the chapter on genetics [chapter 3], mutations in CoM may differ between different populations, 
warranting studies into specific behaviour.42 It is promising that awareness of CoM is increasing 
globally: in recent years, this resulted in (a non-exhaustive list of ) reports from China,42,43 Taiwan,44 
Japan,45 South Korea,38,46 Nigeria,47 and Mexico.48 
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Time trends

The incidence of CoM has been rising during the last few decades (Table 1).1-3,30 Some studies 
report stable incidences, but this may be due to limitations in study size or a short studied time 
span.4,32,38,49,50 Between 1960 and 2005, the age-standardized incidence in Sweden has risen from 
0.08 per million to 0.56 per million, with a more frequent occurrence on the bulbar parts of the 
conjunctiva.3 A similar pattern was observed in Denmark, with a peak incidence of 0.87 per million 
in 2000-2009, and an increase in bulbar lesions between 1960 to 2012.30 As will be discussed later 
on, there may be an etiologic and genetic difference between bulbar and non-bulbar CoM. In the 
USA, data from the SEER database showed an overall increase in the incidence of CoM between 
1973 and 1999, age-adjusted from 0.22 to 0.46 per million.2 Stratified for gender, however, a 
clear increase was seen in the incidence amongst men, but not amongst women. The authors 
hypothesized that this gender difference may be caused by differences in sunlight protection and 
outdoor activities. A recent large European study showed no significant overall change in incidence 
for 1995-1998 to 2003-2007 (incidence of 0.40 to 0.43 per million) but stratified by gender, there 
was a significant increase for men (0.41 to 0.53 per million) and a stable incidence for women (0.39 
to 0.34 per million).28

The increasing incidence of CoM follows observations from cutaneous melanoma, with increasing 
numbers in the last decades in the USA5 and Europe1,4,51. Similar to CoM, the increased cutaneous 
melanoma incidence is believed to be due to increased UV radiation exposure (specifically 
intermittent exposure),52 and is most pronounced amongst males.53

Time trends that are observed in CoM are in contrast to observations from UM. Large population-
based studies from the USA and Europe demonstrate no significant alterations in UM incidence 
for the last three decades, with overall values of 2-8/million in different regions.41,54 Specific analyses 
show minor increases in UM, however, e.g. in the white population of the US,54 and in Canadians 
over the last two decades.55

A complicating factor in the comparison of incidence rates of CoM (as well as other melanomas) 
between geographical areas and time periods are changing populations due to migration. As 
mentioned, genetic background is related to the risk for melanoma development. This may partially 
explain the differences between overall time-dependent rates of melanoma and numbers per 
subgroup in the literature. Data on race or ethnic background are not always available, calling for 
cautious interpretation of crude results.
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Incidence adjusted to tissue size

The absolute rarity of CoM suggests that the conjunctiva as a tissue is unlikely to develop melanoma. 
An interesting figure emerges, however, when the incidence of CoM is related to the small surface 
of the conjunctiva, as compared to cutaneous melanoma and the much larger surface size of the 
skin. In a large study from the USA, the incidence of CoM was estimated at 0.4/million persons 
per year, and that of cutaneous melanoma at 153.5/million persons per year.5 With an approximate 
skin area of 1.7 m2 for a human adult,56 and a conjunctival surface area per eye of 17.6 cm2,57 the 
incidence of cutaneous melanoma can be estimated at 90 per million m2 skin per year, and the 
CoM incidence at 113 per million m2 conjunctiva per year. These figures are now well within a 
comparable range, which is not surprising due to the similarities between skin and conjunctiva, 
and their respective melanomas.7 To illustrate the difference with melanoma of the choroid, with a 
choroidal area approximating the retinal area of 1100 mm2,58 and a choroidal melanoma incidence 
of 4.3/million persons per year,5 the incidence of choroidal melanoma can be estimated at 1955 
per million m2 choroid per year; this is a remarkable 20-fold higher per area unit compared to 
melanoma of the conjunctiva or skin. We conclude that CoM is rare in absolute numbers, but we 
put the rarity of CoM in perspective considering the conjunctival size. This calculation stresses the 
differences between intraocular and extraocular melanoma, with supposedly a different role for 
genetic and environmental factors (Figure 4).

Figure 4. Ocular structures. Melanoma can affect several tissues of the ocular region. (A) There is a functional 
continuity between the conjunctiva and skin, opposed to the intraocular tissue of the uveal tract. (B) Note that 
conjunctiva can be divided into ‘sun-exposed’ conjunctiva (i.e. epibulbar and limbal; *) and ‘covered’ conjunctiva (i.e. 
tarsal and forniceal; **). In this patient, the melanoma extends through the fornix inferior (white arrows). The dotted 
yellow line indicates the eyelid margin.
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Precursor lesions of CoM

Melanocytic diseases of the conjunctiva comprise a wide range of entities, based on the number 
and characteristics of melanocytes, and aberrations in the production of melanin. An illustrative 
overview of melanocytic disease was recently provided by Jakobiec.59 Examples of conjunctival 
melanocytic disease include conjunctival nevi, primary acquired melanosis (PAM), complexion-
associated melanosis (previously known as ‘racial pigmentation’) and CoM. By definition, CoM has 
invaded beyond the basement membrane into deeper tissues, but it may develop from other (non-
invasive) disease. Many of the precursor lesions are far more prevalent than CoM, as was reported 
in an American study with population-based incidences of conjunctival nevi (50 cases per million), 
PAM (44 cases per million) and CoM (1.5 cases per million).60 As with CoM, the prevalence of the 
precursor lesions differs between various races. 

Most CoM (42-74% of cases) are believed to develop from PAM (Table 2).6,16,61 PAM is clinically 
described as a unilateral, flat, light pigmentation of the conjunctiva (resembling ‘cinnamon 
dust’), with a variable presence (i.e. ‘waxing and waning’). The likelihood of PAM to develop into 
melanoma depends on histological characteristics: while PAM ‘with atypia’ develops into CoM in 
13% of cases, PAM ‘without atypia’ is considered an indolent condition that rarely ever leads to 
malignancy.62

The histological classification of PAM is under continuous debate.59 Grading PAM into ‘with’ or 
‘without’ atypia was proposed63 following systems that may have led to overacting by clinicians 
(using the term ‘precancerous melanosis’, by Reese) or to underestimation (using the term ‘benign 
acquired melanosis’, by Zimmerman). Issues remained for grouping PAM without atypia, however, 
and the lack of ‘melanoma-in-situ’ terminology. It can be advocated that PAM is the conjunctival 
equivalent of lentigo maligna of the skin, and that PAM with atypia is melanoma-in-situ, but 
the terminology from dermatopathology is not directly translatable. A newer system introduced 
‘conjunctival melanocytic intraepithelial neoplasia’ (CMIN) on a 1-10 point score.64 This score is 
increasingly being implemented. A consensus meeting for the most recent 4th ed WHO classification 
of tumours of the eye proposed a simplified scheme of the aforementioned PAM and CMIN 
terminology, using ‘low-grade conjunctival melanocytic intraepithelial lesions (CMIL)’, ‘high-grade 
CMIL’, and ‘melanoma-in-situ’.65 All three scoring systems were deemed suitable and comparable 
in sensitivity, specificity, and accuracy; however, grading of low-risk lesions may remain difficult.66 
While the debate on histological grading may continue, it should be noted that ‘PAM’ remains a 
suitable term for the clinical description of lesions, however, without information on atypia.

About 7% of CoM is believed to develop from a nevus (Table 2).6 A range between 2 and 39% 
has been reported, which may be due to difficulties in histologic examination.12,16,61,67 Conjunctival 
nevi are quite common,60,68 and only rarely develop into melanoma: a large study from the USA 



92

Chapter 3.1

found that 3 out of 149 conjunctival nevi (2%) underwent malignant transformation.69 Compared 
to CoM, nevi are seen more often in patients with a younger age (first/second decade) and often 
present with cysts; nevertheless, clinical differentiation can be challenging.70

In about 11-26% of CoM cases, no precursor lesion can be identified; these CoM are considered to 
have developed ‘de novo’ (Table 2).6,12,16,61,67

In spite of these reports, determination of the origin of CoM is controversial and imposes some 
difficulties. Clinical and histological findings may seem contradictory, and potential precursors 
may be overlooked or be impossible to determine.71 In her 1990 thesis, De Wolff-Rouendaal 
noted that 16 of 33 CoM that were clinically graded as ‘de novo’, showed acquired melanosis 
on histopathological examination, questioning the origin.72 As such, a co-occurring component 
of intra-epithelial melanocytes may be either pre-existing PAM or lateral spread of melanoma. 
Similarly difficult is the coexistence of potential precursors (such as PAM and nevi) making it 
difficult, if not impossible, to attribute melanoma outgrowth. While ‘de novo’ lesions were found 
to have a more unfavourable outcome compared to lesions from PAM or nevi,6 we hypothesize that 
this observation is biased, and that this (in part) can be due to rapid melanoma growth, clinically 
lacking an obvious precursor lesion. We advocate a thorough clinicopathological correlation, 
combining data from clinical and histopathological observations, ideally with mapping biopsies. In 
the absence of these data, we suggest cautious use of the ‘de novo’ terminology and think that a ‘de 
novo origin’ should be regarded as ‘uncertain origin’. 

Table 2. Studies on the precursor lesions of CoM.

Study
Study size

(cases)
PAM
(%)

Nevus
(%)

PAM and 
Nevus* (%)

De Novo
(%)

Unknown*
(%)

Shields, 2011.6 382 74 7 19

Paridaens, 1994.61 256 57 18 22 2

Missotten, 2005.12 194 57 2 4 26 11

Larsen, 2015.16 139 62 33 2 11

Tuomaala, 2002.1 85 61 30 8

Anastassiou, 2002.67 69 42 39 16 3

De Potter, 1993.73 68 56 26 18

Norregaard, 1996.50 42 19 21 60

*These categories were not reported in all studies
Abbreviations: PAM, primary acquired melanosis.
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UV radiation and CoM

UV radiation is a well-established risk factor for the development of cutaneous melanoma, but has 
been debated in the development of CoM.74 Several epidemiological and genetic studies indicate 
that UV-mediated mechanisms are involved, but the number of studies is small. Since CoM may 
develop at sites that are not exposed to sunlight, direct UV exposure may not be a necessity, but 
may be a risk factor. 

Mechanisms of UV-mediated damage 
Sunlight includes three classes of UV radiation: UVA (320-400nm), UVB (290-320nm), and 
UVC (100-280nm). UVA (95%) is more abundant than UVB (5%), while UVC is filtered by the 
atmosphere and hardly reaches the earth’s surface. UVA and UVB have a different capacity to enter 
tissues, and differentially effect melanoma formation.

UVB has a direct damaging effect on DNA: photochemical reactions cause the production of 
cyclobutane pyrimidine dimers (CPD’s) and pyrimidine pyrimidone photoproducts (PP’s)75 at 
locations where the pyrimidine bases (i.e. cytosine (C) or thymine (T)) are adjacent on the DNA (in 
sequences of CC, CT, TT, or TC). The presence of a dimer interferes with base pairing during DNA 
replication, leading to mutations. Both CPD’s and PP’s can be repaired by the nucleotide excision 
repair (NER) pathway, and dysregulation of NER therefore increases the risk for (cutaneous) 
melanoma development.76

UVA causes production of reactive oxygen species (ROS), and to a lesser extent of CPD’s.77 Recently 
it was found that melanin can be involved in UVA-mediated damage: reactive oxygen and nitrogen 
species excite electrons in melanin, their energy is transferred to DNA and induces CPD’s, hours 
after the initial UV exposure.78

In the skin, UVB is predominantly absorbed in the epidermis, while UVA can reach the dermal 
stroma. The uvea is relatively protected from UV radiation by filtering in the cornea, lens, and 
other structures: only up to 1% of UV reaches the retina, most of which is UVA.79 While the bulbar 
conjunctiva is sun-exposed, the tarsal and forniceal conjunctiva are not (Figure 4).

Based on the mechanism of action, an abundance of C>T and CC>TT mutations is typical for 
UV-mediated damage; this is called the UV ‘signature’ or ‘footprint’ in cancer development.80 
Additional effects of UV radiation on melanoma formation act via the immune system, as UV 
causes recruitment of macrophages and neutrophils in skin lesions.81,82 The role of these immune 
cells in melanoma are discussed further in the sections on tumour immunology [chapter 4]. 
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Epidemiological studies
An association between UV radiation and CoM can be derived from epidemiological studies, as 
was mentioned in section 2.2 (on geographical incidence) and 2.3 (on time trends). In short, areas 
with a lower latitude (i.e. more towards the equator) are related to higher incidences of CoM,36 and 
increased numbers of CoM in recent years are particularly due to lesions of the bulbar (sun-exposed) 
conjunctiva.3,30 Though vitamin D synthesis (following sun exposure) has been proposed as a 
protecting factor for cancer,83 in CoM this may be overshadowed by DNA-damaging effects of UV. 
An Australian study on sun exposure was inconclusive regarding CoM due to low numbers (with 
only 19 cases reported), but CoM was related to a self-reported history of cutaneous melanoma, 
which could suggest either a role for sun exposure or a shared genetic susceptibility.84 

In cutaneous melanoma, intermittent exposure and sunburn are of particular importance for 
tumorigenesis, but cumulative exposure infers a risk as well;85 the relation between patterns of 
sunlight exposure and CoM development is not known.

Genetic studies
Early work regarding the role of UV on genetic changes in CoM was limited by the techniques to 
detect mutations. One of these early studies (targeting mutations in the NRAS gene), found no 
aberrations in six cases of CoM and concluded on a minor role for UV.86 The authors recognized, 
however, that UV may affect the immune system to create an environment that is more prone to 
melanoma development. A decade later, identification of a UV signature in DNA damage80 showed 
direct evidence for UV-mediated mechanisms in CoM. Griewank found TERT promotor mutations 
in 12/38 (32%) CoM samples, all with the typical UV-related C>T and CC>TT changes.18 Later 
work confirmed the presence of this typical UV signature in a genome-wide sequencing study of 
two CoM87 and five CoM88 which were all from bulbar, (i.e. sun exposed) sites analysed by whole-
exome sequencing. A recent extension to the work by Rivolta et al found that in 12/14 (86%) 
CoM more than 70% of the mutational load consisted of C>T changes, and the three studied 
CoM with the least C>T changes were tarsal and not bulbar;89 these tarsal lesions had significantly 
lower amounts of single nucleotide variants than bulbar lesions. Other work, however, noticed no 
differences in gene expression of 161 oncology-related genes between 6 sun-exposed and 6 non-
exposed CoM, suggesting less influence of UV on genetic profile.90 Interestingly, a recent study 
found a UV signature in (sun-exposed) iris melanoma but not in posterior UM,91 suggesting a 
spectre of influence of UV rather than a strict distinction between CoM and UM; this warrants 
further studies in genetic similarities between CoM and iris melanoma.

The position of BRAF mutations in UV-mediated damage is not well understood, particularly 
because the most-common BRAF mutation lacks a UV signature.92 However, intermittent sun 
exposure of the skin (compared to either chronically or non-exposed sites) has been related to 
BRAF mutations.93 Similarly, CoM at sun-exposed bulbar sites more often have BRAF mutations 
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than CoM at non-bulbar sites.30 The increased frequency of BRAF mutations in cutaneous and 
conjunctival lesions may therefore be due to UV, with bulbar sites being intermittently sun-
exposed; it was suggested that skin melanoma at chronically-exposed sites develops (partially) by 
other pathways.93 A link between UV, BRAF mutations and melanoma is further observed since a 
greater exposure to UV radiation during childhood is related to the presence of more acquired nevi 
of the skin, carrying BRAF mutations, which then constitutes a risk for development of melanoma 
of the skin.92 Similarly, BRAF mutations are more frequently found in CoM lesions that originate 
from conjunctival nevi,30 which harbour BRAF mutations as well [section 3.2.1].

In cutaneous melanoma, patients with a higher mutational burden (as seen following UV damage) 
may be better candidates for immunotherapy;92 this should be studied in CoM as well, as the use of 
immunotherapy is increasing [chapter 5].

Sun protection and CoM
A question that is relevant population-wide, is whether the eye needs to be protected from sunlight 
to diminish the risk for melanoma. Sunglasses have been suggested to prevent CoM,87 but it will be 
hard to study the effects on CoM on a large scale by the rarity of the disease. Even more, as much of 
the UV that reaches the eye is through reflection, this may hamper good blockade.79 Eye protection 
(e.g. with sunglasses) should certainly not be discouraged as it serves several purposes, but the 
protective effects regarding CoM should not be exaggerated in the absence of evidence.

Melanocytes and melanin

Melanin pigments have a role in the development and behaviour of different types of melanoma. 
This follows epidemiological data on skin and iris colour in cutaneous melanoma and UM, and is 
supported by the understanding of UV-mediated and UV-independent mechanisms of melanoma 
formation. While reports on melanin in the conjunctiva are rare, recent work suggests that tumour 
pigmentation is related to the behaviour of CoM,15,94 warranting further investigation.

Two main types of melanin pigment are reported in the eye: dark-coloured eumelanin, and light-
coloured pheomelanin. The amount and ratio of these pigments determine visible traits, as a low 
total melanin and relative abundance of pheomelanin cause light skin colour95 and blue iris colour96, 
while a high total melanin and abundance of eumelanin causes dark skin colour and brown iris 
colour. Eumelanin has protective effects on melanoma formation, by shielding against UV radiation95 
and scavenging reactive oxygen species (ROS) and free radicals;97 pheomelanin can be involved in 
DNA damage via UVA78 and by itself via independent ROS formation.98 It has been suggested that 
melanin also is linked to the efficacy of the immune system, partially via aspects of ROS production, 
as ROS inhibits CD8+ T cell function99 and stimulates differentiation of macrophages into an M2 
type,100 the implications of which are discussed in the chapter on immunology [chapter 4].
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Conjunctival, uveal (including iridal), and cutaneous melanocytes are derived from the same 
embryonic (neural crest) cells,101 though they migrate in different waves. Conjunctival and 
cutaneous melanocytes migrate to the surface ectoderm-derived epithelium and have functional 
similarities such as being able to transfer melanin to other cells;101,102 this is in contrast with uveal 
melanocytes that migrate into deeper mesoderm-derived tissues and do not transfer melanin. 
Cutaneous melanoma103 and UM104-107 are known to occur more frequently in patients with fair 
skin and blue irises. No such population-based assessments exist for CoM, but as conjunctival 
melanocytes of light-iris eyes contain less total melanin and relatively more pheomelanin,101 it can 
be hypothesized that melanocytes in the conjunctiva of patients with light-coloured eyes are more 
prone to CoM development.15 Indeed, as CoM typically occur in countries with an abundance of 
people with light-coloured eyes, the role of melanin warrants further research. 

Figure 5. Kaplan-Meier analysis of metastasis-free survival based on tumour pigmentation. A combined set of 
Dutch and American CoM patients, of whom data on tumour pigmentation was known, was studied. (a) Patients 
were categorised by pigmentation of the primary lesion. A significantly worse outcome is shown for patients with low 
tumour pigmentation (n = 41) compared to high pigmentation (n = 64, p = 0.028). (b) The same group of patients 
is depicted, but is now categorised by the pigmentation of their recurrences. Outcome is not significantly different 
for those with recurrences with always high pigmentation (n = 46) compared to those with always low (or variable) 
pigmentation (n = 71, p = 0.151). [Figure re-used with permission from Brouwer et al., 2019.94]

CoM themselves can present as amelanotic to darkly-pigmented (Figure 1). Light tumour 
pigmentation in CoM is related to a worse clinical outcome compared to darker lesions, with 
a hazard ratio for melanoma-related death of 2.42 (p=0.020, studied in 444 CoM patients),15 
corresponding to observations from cutaneous melanoma. This could be due to direct melanocyte-
related factors (such as the genotoxic/phototoxic effects of pheomelanin, and the absence of UV 
protection), or due to indirect effects such as late identification, insufficient treatment due to 
hard-to-detect tumour margins and late observation of recurrences (Figure 5).15 CoM recurrences 
are more often lightly pigmented compared to their primary lesion, which could be due to more 
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aggressive melanocytes (lacking pigment production) or treatment-related factors as clinicians may 
be more meticulous in assessment of melanoma-proven patients.94 In contrast to what was seen 
with primary lesions, de degree of pigmentation of recurrences is not related to outcome, however 
(Figure 5).

As yet, no relation has been observed for iris colour and clinical outcome in CoM,15 nor for skin 
type and prognosis.108

Conclusions (Epidemiology and Etiology)

CoM is a rare disease that accounts for 5% of all ocular melanoma. It is most prevalent in Caucasians, 
and is showing a rising incidence in recent decades. Adding to epidemiological studies, recent 
genetic work identified UV signatures in CoM, supporting the role of UV in CoM development, 
and suggesting different aetiologies for tarsal versus bulbar lesions. This is similar to what is seen 
in cutaneous melanoma. We calculated that, adjusted for tissue size, the incidence of CoM is very 
similar to that of cutaneous melanoma, and very different from that of UM.

It is promising that awareness of CoM increases worldwide, as improved recognition may 
cause earlier detection. More extensive knowledge about CoM may help clinicians to apply the 
appropriate treatment. Further studies are needed to determine whether CoM behaves similarly in 
all populations, as most current studies originate from North-America and Europe, and the genetic 
profile of CoM may differ between populations.

Melanin pigments (as a visible trait of melanocytes) have been related to melanoma development 
in the skin and uvea. A lower metastasis-free survival in CoM lacking visible pigment was observed, 
suggesting that the presence of pheomelanin, and absence of eumelanin, are unfavourable. Further 
molecular studies with quantification of melanin are warranted to understand its exact role in CoM 
biology. 

The traditional theory of precursor lesions for CoM (i.e. being derived from PAM, nevi, or de novo) 
may need revision, as it is often impossible to determine a precursor, and both internal factors (such 
as genetics, pre-existing lesions, and melanin pigments) and external factors (such as UV radiation) 
are involved in melanoma development. We advocate to thoroughly study clinical data, histological 
data, and perform mapping biopsies to determine the origin of a lesion. It may be necessary to be 
cautious with ‘de novo’ terminology and we urge the use of ‘tumour of unknown origin’ in the 
appropriate cases.
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3. GENETICS

Tumour genetics

The development of cancer is a multistep process that has been portrayed by Hanahan and Weinberg 
in the ‘hallmarks of cancer’.109 Many of these hallmarks relate to genetics, such as sustained 
proliferative signalling, evasion of growth suppressors, and resistance to cell death. Simplified, 
cancer develops from the accumulation of genetic mutations, in addition to several epigenetic 
processes and interactions with the tumour micro-environment (TME). The TME is discussed in 
the chapter on tumour immunology [chapter 4]; here we elaborate on the genetic background of 
CoM, the comparison with other types of melanoma, and the implications for newly-developed 
targeted therapies.

An important concept in tumour genetics is that of proto-oncogenes and tumour suppressor genes. 
Proto-oncogenes are essentially normal genes, that, when overactive due to a mutation, contribute 
to malignancy. Tumour suppressor genes have an opposite role: they suppress malignancy in the 
normal situation, but contribute to it in case of decreased expression or mutational loss. Examples 
of proto-oncogenes in melanoma biology are BRAF, NRAS, and GNAQ/11; examples of tumour 
suppressor genes are NF1 and PTEN.

Tumour genetics - as well as normal cellular processes - act via pathways: multistep cascades of 
proteins, enzymes (kinases), and other cellular components that result in a certain function or 
effect. Two important pathways in (conjunctival) melanoma biology are the ‘MAPK’ (mitogen-
activated protein kinase, also known as ‘RAS-RAF-MEK-ERK’) pathway and the ‘PI3K-AKT’ (also 
known as ‘PI3K-AKT-mTOR’) pathway. Overactivity of these pathways causes cell survival and 
proliferation. The pathways are highly complex and intertwined, but can be simplified to explain 
the aetiology of CoM, and the mechanisms of targeted therapy (Figure 6). Via these pathways, we 
will discuss how the genetic signature of CoM has several similarities to cutaneous and mucosal 
melanoma, while there are many differences with UM. In chapter 5.2, we will elaborate on newly-
developed targeted therapies and discuss the first clinical observations of their application in CoM.

The MAPK pathway
The MAPK pathway consists of the cascade of RAS, RAF, MEK, and ERK.110 RAS is a small 
G protein, that can be activated by receptor tyrosine kinases (RTKs, a transmembrane protein) 
following binding by a ligand. RAS activates the cascade of protein kinases RAF, MEK, and ERK. 
Activated ERK (also known as MAPK) then enters the nucleus to cause expression of several 
proliferative genes. Mutations can occur throughout the MAPK pathway. Three different RAS 
genes (NRAS, KRAS, and HRAS) can harbour a mutation, resulting in an activated state. Among 
the RAF genes, a mutation in BRAF is the most common, resulting in increased kinase activity.111 In 
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the most common BRAF mutation, a glutamic acid (presented by ‘E’) substitutes valine (presented 
by ‘V’) at the 600th amino acid, explaining the mutation terminology V600E.111 Valine can be 
substituted by lysine (presented by ‘K’) as well, resulting in V600K; even more rare substitutions 
like V600M have been described.

Figure 6. Cancer pathways in CoM and targets for therapy. This figure provides a simplified overview of important 
pathways that cause cell growth and proliferation in CoM. The MAPK pathway (in blue) consists of RAS (with 
possible mutations in NRAS), RAF (with possible mutations in BRAF), MEK, and ERK, which leads to activation of 
several proliferative factors in the nucleus. The PI3K-AKT-mTOR pathway (in orange) consists of PI3K, AKT and 
mTOR. NF1 (in grey) is a natural inhibitor of RAS (i.e. a tumour suppressor), by loss of this function, NF1 mutations 
cause upregulation of MAPK. The receptor tyrosine kinases (with possible mutations in KIT) activate both MAPK and 
PI3K components. Another common link is RAS, that activates MAPK as well as PI3K. PTEN is a suppressor of AKT 
activity, acting as a tumour suppressor. TERT (in green) is involved in telomere length, causing cellular immortality. 

The PI3K-AKT and other pathways
The PI3K-AKT pathway consists of phosphatidylinositol 3-kinase (PI3K), AKT, and mTOR.112 
PI3K can become activated by RTKs or RAS, providing a link between the MAPK and PI3K-
AKT pathways. PI3K activates the protein kinase AKT, which then activates the kinase mTOR 
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(mammalian target of rapamycin). This is a regulator of cell proliferation and survival. PTEN is a 
natural inhibitor of PI3K, as it antagonizes its activity. Mutations or loss of PTEN can therefore 
upregulate PI3K activity.

Two actors that are proximal to the MAPK and PI3K-AKT pathway are NF1 and the RTKs. 
NF1 is a gene that encodes the neurofibromin 1 protein, an inhibitor of RAS that works through 
GTPase activity.113 Most mutations that occur in NF1 are loss-of-function, causing upregulation of 
RAS. One of the transmembrane RTKs is KIT (also known as c-KIT). Binding of the KIT ligand 
stem cell factor causes activation of several downstream pathways including MAPK and PI3K-AKT 
signalling. KIT has an important role in the function of melanocytes.114 Activating KIT mutations 
cause increased downstream signalling.

Apart from the MAPK and PI3K-AKT pathway, important actors in melanoma proliferation are 
the telomeres. Telomeres are end caps at chromosomes, that shorten with cell division to cause a 
limit in replication.115 The telomerase reverse transcriptase (TERT) gene encodes a catalytic subunit 
of the telomerase complex that is involved in preservation of these telomeres. TERT promoter 
mutations increase TERT expression, allowing for survival (‘immortality’) of malignant cells.116

Mutations in CoM

Most work on genetic mutations in melanoma has been performed on cutaneous melanoma, which 
is not surprising due to their abundance over other melanoma types. Cutaneous melanoma are 
often classified according to their mutational status, resulting in groups of BRAF-mutated, NRAS-
mutated, NF1-mutated and triple-WT (wild type) melanoma.117 Several studies analysed the 
presence of mutations in CoM (Table 3), resulting in the idea that the same categorization may 
apply.118 Recent work suggests that the NF1-mutated group is most frequent in CoM, while the 
BRAF-mutated group is the largest in cutaneous melanoma, pointing out that differences may exist 
between the two tumour types.89 

BRAF mutations
BRAF mutations were first detected in cutaneous melanoma, where they occur in more than half of 
the cases.119 The most common BRAF mutation in cutaneous melanoma is V600E (73%), followed 
by V600K (19%) and some sporadical types (<5%), such as V600R, V600M or V600G.120 The 
frequency of BRAF mutations differs between types of cutaneous melanoma, as they are seen more 
often in lesions without chronic sun damage (i.e. no or intermittent sun exposure) compared to 
chronic sun exposure.93 

Mutations in BRAF are observed in about a third of CoM,17,30 and similar to cutaneous lesions, 
the most common BRAF mutation is V600E (in approximately 80%), followed by V600K (in 
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approximately 20%).17,30,121 There may be racial differences in the occurrence of BRAF mutations, 
as these were less frequently observed in Asians (8%) compared to Caucasians,42 similar to what is 
observed for cutaneous melanoma.122

While several authors looked for possible associations between BRAF mutations and clinical 
parameters in CoM, only a few significant relations were found, possibly due to small sample sizes. 
The largest series of CoM (111 cases with a known BRAF mutation status) showed that BRAF 
mutations (univariately) are more common in younger patients, males, lesions with an epibulbar 
location (compared to non-epibulbar), with absent or mixed pigmentation (compared to dark 
pigmentation), and lesions with a lower tumour-node-metastasis (TNM) stage.30 Additionally, 
BRAF mutations are more often seen in CoM that originate from a nevus than those that originate 
from PAM.17,30

As no relation has been observed with recurrences, metastasis or survival, the presence of a BRAF 
mutation is of limited use for prognosis in CoM.17,30

During the time period 1960 to 2012, the percentage of CoM with a BRAF mutation has not 
increased, while this had been expected due to an increase in the number of bulbar CoM;30 however, 
it may be that both demographic changes as well as an increased exposure to sunlight influenced 
the number of CoM, resulting in more CoM, but with an unaltered BRAF frequency. The relation 
between UV exposure and BRAF mutations is not fully understood however, as is presented in more 
detail in section 2.6.3. Importantly, the BRAF mutation status was not the sole predictor of MEK, 
ERK and AKT signalling in CoM tissue,121,123 implying that the MAPK and PI3K-AKT pathway 
are activated by other parameters as well.

BRAF mutations are very common in conjunctival nevi, where they occur in 19-56% (Table 4).121,123-

125 While this percentage may be higher than the percentage in CoM, activation of the MAPK 
pathway was higher in malignant CoM than in benign nevi, again suggesting that other factors are 
involved in pathway activation (e.g. mutations in NF1).123 The abundance of BRAF mutations in 
conjunctival nevi parallels that of nevi of the skin, where a study reported these in 82%.126

BRAF mutations are rare in PAM, either with or without atypia, and most studies observed no 
BRAF mutations in PAM at all (Table 4).121,124 One report noted a BRAF mutation in 2/8 PAM 
lesions (with atypia), but these PAM were selected for later outgrowth of CoM, which may indicate 
that these have represented melanoma in situ.30

Most often a pre-malignant lesion has the same BRAF status as its CoM outgrowth: in 19 out 
of 20 pairs (12 nevi, 8 PAM) the BRAF status concurred.30 However, heterogenous lesions can 
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occur, as one nevus (BRAF mutated) later recurred into a melanoma without BRAF mutation, 
possibly indicating outgrowth of a specific strain of cells. These sequential differences have also been 
reported for CoM lesions and their recurrences, occurring years later.127 

BRAF mutations are less common in mucosal melanoma (other than CoM), with a likely frequency 
of 4-8%.128,129 BRAF mutations are not seen in UM of the choroid and ciliary body,119,130,131 although 
they have been described recently in iris melanoma in 1/30 cases (3%).132

NRAS mutations
In cutaneous melanoma, mutations in BRAF and NRAS are generally mutually exclusive, with 
fewer than 1% carrying both.133 NRAS mutations occur less frequently than those in BRAF, with a 
frequency in cutaneous melanoma of 12-27%.133-136 

In CoM, NRAS mutations are also mutually exclusive with BRAF,17 and occur with a frequency of 
0-18%.17,134 NRAS makes up almost all mutations in RAS genes in CoM; activating mutations in 
KRAS are rare, those in HRAS (with unknown consequences) are reported hardly at all.118 Though 
NRAS mutations are common in conjunctival nevi, with 39%,125 their occurrence in PAM is 
unknown. There is no clear association between tumour origin and CoM NRAS status.118

NRAS mutations are seen in 11-24% of mucosal melanoma other than CoM.128,129,134 NRAS 
mutations have not been reported in posterior UM,131,137 although (similar to what is seen for 
BRAF) they may be encountered in iris melanoma (reported by one study in 3/10 cases132). 

NF1 mutations
In cutaneous melanoma, NF1 mutations are common (occurring in 12-14%) being the third most 
frequent mutation after BRAF and NRAS; often NF1 co-occurs with either of these.117,133 NF1 
mutations in the skin are associated with UV exposure133 and NF1-mutated cutaneous melanoma 
have a high mutational load (compared to BRAF/RAS/triple-WT),138 which may imply that they 
are more sensitive to immunotherapy (as was shown for anti-PD-1 therapy in cutaneous melanoma 
patients139). In cutaneous melanoma, patients with NF1-mutated lesions have a worse survival than 
those with BRAF/RAS mutations.138 All of this makes NF1 an interesting gene.

NF1 mutations are indeed frequently observed in CoM and occur in 33%,118 however (possibly due 
the smaller numbers studied) they are not associated with clinical characteristics or prognosis.118 To 
our knowledge, NF1 status is unreported in precursors of CoM.

In mucosal melanoma, NF1 mutations are readily observed with a frequency of 18-37%.129,140 NF1 
mutations are commonly absent in UM, but deletion of the NF1 locus was reported in one tumour 
in a study on 38 cases of UM (3%).141



103

Tumour Genetics and Immunology in Conjunctival Melanoma

3.
1

KIT mutations
KIT mutations are rare in cutaneous melanoma: the incidence varies for anatomic location however, 
as total absence is reported in non-chronic sun-damaged (CSD) melanoma, and up to 28% in CSD 
melanoma.142 Commonly, KIT mutations are mutually-exclusive with BRAF and NRAS.

In a composite of four studies on CoM, only 1 in 68 cases (1%) demonstrated a KIT 
mutation,17,134,143,144 demonstrating similar rarity. Immunohistochemical staining of KIT occurs in 
about 50% of CoM, but this showed no correlation to mutational status.143 KIT mutations are seen 
more often in CoM in Asians (11%) compared to Caucasians,42 which concurs with the finding of 
a lower BRAF frequency. KIT mutations are absent in conjunctival nevi, and rarely seen in PAM 
with atypia,143 however little data are available.

KIT mutations are more common in acral and mucosal melanoma (23 and 16%, resp.,134 and some 
studies even report up to 40%. While they were initially unreported in UM,134 later reports found 
up to 9% in choroidal lesions,144 and 7% in iris melanoma.132

PTEN mutations (PI3K/AKT)
An important mediator of the PI3K/AKT/mTOR pathway is PTEN, that acts as an inhibitor. 
PTEN’s function is partially determined by its location in the cell: nuclear (instead of cytoplasmatic) 
PTEN has a tumour suppressive role; loss of PTEN therefore stimulates tumour formation. PTEN 
loss is often mutually exclusive with NRAS mutations (and thus concurrent with BRAF mutations).

PTEN loss is commonly observed in cutaneous melanoma (65%),145 and recent work showed that 
it was associated with worse survival, possibly by helping immune evasion.146 PTEN loss has been 
described in CoM as well, but apart from a relation with more pigmentation, it was not related to 
other characteristics or prognosis in 70 lesions.147 Several other mTOR-related proteins in CoM 
were associated with a high mitotic rate and thicker lesions, however.148 Nuclear PTEN loss was 
observed more frequently in CoM than in conjunctival nevi,147 suggesting an important role in 
melanoma development. This was similarly seen in cutaneous melanoma versus nevi.145

A comparative study between CoM and UM showed that mTOR effectors were higher in CoM, 
and that UM showed a higher PTEN expression.148 PTEN loss in UM (of unreported anatomical 
location) was reported in 12/75 cases (16%),149 and PTEN mutations were observed in 3 out of 30 
(10%) iris melanoma.132

TERT promotor mutations
TERT promotor mutations (further referred to as ‘TERT mutations’) are found in approximately 
30% of primary cutaneous melanoma lesions.150,151 TERT mutations are reported more often 
in older patients, and their frequency may vary based on tumour location, resulting in studies 
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reporting up to 68% in primary cutaneous melanoma.152 Increased TERT activity relates to worse 
prognosis in cutaneous melanoma, but the role of either TERT mutations or TERT expression (not 
necessarily coinciding) is unclear.152 

Very similar to the observed rates in the skin, TERT mutations are present in 32-43% of primary 
CoM.18,116,153 In two studies, analysing 38 and 39 CoM lesions, no relation was found between 
TERT mutation status and clinical parameters or outcome (including patient age, tumour size, 
location, recurrences, survival).18,153 The absence of a relation between TERT mutations and tumour 
location is remarkable, as TERT mutations in CoM show C>T or CC>TT nucleotide changes,153 
demonstrating a UV signature,80 and one would expect these to occur mainly in bulbar conjunctiva. 
A recent, and larger, study with data of 47 CoM showed that presence of a TERT mutation 
correlated with metastatic disease, emphasizing an importance for therapeutic decision making.116

TERT mutations are not found in conjunctival nevi or PAM without atypia.153 A small number, 
2/25 (8%), of PAM with atypia carried the mutation, however.153 This may indicate an important 
distinction between benign and malignant lesions, equally to what is observed in cutaneous lesions 
where melanoma and melanoma in situ have TERT mutations, but benign precursors not. A change 
in TERT may be an important early step in melanoma transformation, occurring, however later 
than the BRAF mutation.154

TERT mutations are rare in mucosal melanoma, with a range of 6-8%.129,155 Presumably, this relates 
to the tumour locations, often lacking exposure to UV. Similarly it may be no surprise that TERT 
mutations are very rare in UM: several studies report on a total absence,18,151 but they are found 
sporadically (in 1/102 cases,153 and 1/50 cases156).

Other mutations: GNAQ/11 and BAP1
An analysis of genetics of CoM shows its distinction from the most common ocular melanoma: 
UM. Important genes in UM biology are GNAQ/11, BAP1, SF3B1 and EIF1AX (extensively 
reviewed by Smit et al.10). Knowledge of these genes is relevant for CoM to understand a link with 
possible melanoma predisposition syndromes, and to identify the origin of unknown (secondary) 
conjunctival lesions based on tumour genetics, e.g. differentiating CoM from intraocular melanoma 
that has perforated the sclera.

GNAQ/11 signalling activates several pathways in cancer including MAPK,131 and YAP1.157,158 
The GNAQ/11 gene is mutated in nearly all UM,131,159 and mutations are seen already in uveal 
nevi.160 GNAQ/11 mutations are absent in CoM,17 other mucosal melanoma,90 conjunctival nevi 
and PAM.125,161 A GNAQ mutation was reported in two cases of conjunctival blue nevi, however, 
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indicating a different cellular origin than the common epithelial nevus.125 GNAQ/11 mutations are 
absent in cutaneous melanoma, but individual cases have been reported in chronically sun-damaged 
skin.159

Other mutations in UM that are important for tumour progression occur mainly in three genes: 
BAP1, SF3B1, and EIF1AX, which were reported in 43%, 26%, and 21% of primary UM, 
respectively.10 Mutations in BAP1 are related to the worst prognosis and these tumours often 
metastasize within a few years.162 BAP1 immunohistochemistry (IHC) is nowadays commonly 
applied to assess BAP1, as a prognostic factor in UM.163

BAP1 (located on chromosome 3) was discovered a decade ago,164 with the BAP1 protein as a 
deubiquitinating hydrolase with several functions such as protein deubiquitination, cell cycle 
regulation, DNA damage repair, and regulation of gene expression;165 loss of BAP1 expression has 
been linked to increased inflammation166 and angiogenesis in UM,167 but much about its function 
remains to be unveiled. 

Different from what is seen in posterior UM, BAP1 mutations sporadically occur in iris melanoma 
(3%)132 and are uncommon in melanomas other than UM. They are practically absent in acral, 
mucosal, and cutaneous melanoma, though they may occur in cutaneous melanoma lacking 
chronic solar damage.168 Remarkably however, only few studies exist on sporadic BAP1 mutations 
in cutaneous melanoma. Recent work on TCGA data showed that the prognostic effect of BAP1 
mRNA expression was opposite for UM and cutaneous melanoma, suggesting differential roles.169 
Even so, BAP1 loss is not observed in conjunctival lesions, and its status is not commonly assessed.88

Chromosomal aberrations

Chromosomal copy number alterations (CNAs) are relevant to tumourigenesis as they influence the 
function of locally encoded genes. 

Though few reports exist on the topic, a plethora of CNAs has been reported for CoM, indicating 
complex karyotypes. Gains have been reported in chromosomes 1q, 3p, 6p, 7, 8q, 10q, 11p, 11q, 
12p, 13q, 14p, and 17q, and losses in chromosomes 1p, 3q, 4q, 6p, 6q, 8p, 9, 10, 11q, 12q, 13, 
15p, 16, 17p, 19, and 22.17,88,89,171-173 The most frequently reported CNA is 6p amplification, which 
has been reported in up to 61% of CoM.171
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Table 3. Prevalence of genetic mutations in various melanoma types.

Conjunctival 
Melanoma

Cutaneous
Melanoma

UM (posterior, unless 
otherwise noted)

Mucosal 
melanoma (other 

than CoM)

BRAF 4/15 (27%) 134

3/21 (14%) 130

23/78 (29%) 17

2/5 (40%) 124

5/22 (23%) 127

11/31 (35%) 123

10/39 (26%) 121

39/111 (35%) 30

4/53 (8%) 42 *1

16/44 (36%) 137

398/774 (51%) 119

115/253 (46%) 120

166/318 (52%) 117

87/217 (40%) 136

82/213 (38%) 133

3/10 (10%) without CSD 93

22/40 (59%) with CSD 93

0/88 (0%) 130

0/62 (0%) 137

0/48 (0%) 131

0/23 (0%) 119

1/30 (3%) iris 132

0/26 (0%) 119 
1/6 (17%) 120 
2/56 (4%) 128 
0/45 (0%) 134 
6/71 (8%) 129

NRAS 0/11 (0%) 134

14/78 (18%) 17

7/60 (12%) 134

1/27 (4%) 137

20/114 (18%) 135

53/217 (24%) 136

58/213 (27%) 133

0/47 (0%) 137

0/48 (0%) 131

3/30 (10%) iris 132

8/56 (14%) 128 
9/37 (24%) 134 

8/71 (11%) 129 *2

KIT 1/13 (8%) 134

0/5 (0%) 144

0/42 (0%) 17

0/8 (0%) 143

6/53 (11%) 42 *1

1/58 (2%) 134

0/18 (0%) without CSD 142 *3
5/18 (28%) with CSD 142 *3

0/60 (0%) 134

6/64 (9%) chor+CB 144

2/6 (33%) iris 144

2/30 (7%) iris 132

15/38 (39%) 142

2/56 (4%) 128 
7/45 (16%) 134

9/19 (47%) 140

5/71 (7%) 129

TERT 12/38 (32%) 18

16/39 (41%) 153

20/47 (43%) 116

16/56 (29%) 151

27/77 (33%) 150

131/194 (68%) 152

0/47 (0%) 18

0/25 (0%) 151

1/50 (2%) 156

1/102 (1%) 153

4/71 (6%) 129

4/49 (8%) 155

NF1 21/63 (33%) 118 26/213 (12%) 133

45/318 (14%) 117

1/38 (3%) 141

0/24 (0%) 170

13/71 (18%) 129

7/19 (37%) 140

GNAQ 0/39 (0%) 17

0/4 (0%) 161

0/11 (0%) 131

0/9 (0%) 159

0/12 (0%) 90

0/15 (0%) without CSD 131

1/27 (4%) with CSD 131

1/74 (0%) with CSD 159

0/90 (0%) without CSD 159

12/27 (44%) 161

22/48 (46%) 131

48% 159 *4

0/14 (0%) 131

0/28 (%) 90

GNA11 0/39 (0%) 17

0/9 (0%) 159

0/12 (%) 90

0/74 (0%) with CSD 159

0/90 (0%) without CSD 159

34% 159 *5 0/28 (0%) 90

BAP1 0/5 (0%) 88 0/15 (0%) with CSD 168

2/15 (13%) without CSD 168

13/33 (39%) 168

35/74 (47%) 163

1/30 (3%) iris 132 *6

0/15 (0%) 168

Abbreviations: CSD, chronic solar damage; Chor, choroidal; CB, ciliary body.
*1 In contrast to many other studies, this work includes an Asian population.42

*2 Any mutation in RAS genes was observed in 12/71 (17%) of cases: NRAS mutations comprised 8/71 (11%), KRAS 
mutations 4/71 (6%).129

*3 Note the marked difference in KIT frequency between CSD and non-CSD lesions.142

*4 Any GNAQ mutation in 48%, consisting of Q209 in 73/163 (44.8%), and R183 in 4/145 (2.8%).159

*5 Any GNA11 mutation in 34%, consisting of Q209 in 52/163 (31.9%), and R183 in 3/145 (2.1%).159

*6 BAP1 immunohistochemistry loss in 9/30 (30%) cases.132
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Table 4. Prevalence of genetic mutations in precursor lesions of CoM.

Conjunctival Nevi
Cases (%)

PAM without atypia
Cases (%)

PAM with atypia
Cases (%)

BRAF 14/28 (50%) 124

13/23 (56%) 125

15/35 (43%) 123

7/37 (19%) 121

9/12 (75%) 30 *1

0/11 (0%) 124

0/17 (0%) 121

0/4 (0%) 124

0/13 (0%) 121

2/8 (25%) 30 *1

NRAS 9/23 (39%) 125 N.A. N.A.

KIT 0/5 (0%) 143 N.A. 1/3 (33%) 143

TERT 0/56 (0%) 153 0/14 (0%) 153 2/25 (8%) 153

NF1 N.A. N.A. N.A.

GNAQ 0/29 (0%) 161

0/23 (0%) 125 *3
0/7 (0%) 161 *2 0/7 (0%) 161 *2

GNA11 N.A. N.A. N.A.

BAP1 N.A. N.A. N.A.

Abbreviation: N.A., not applicable.
*1 Lesions were selected on later development of CoM (paired lesions), possibly introducing bias to malignancy.
*2 Unknown status of atypia.
*3 A GNAQ mutation was reported in 2/2 (100%) of blue nevi of the conjunctiva.125

The observed CNAs in CoM resemble those in cutaneous melanoma.93 And similar to what is seen 
in cutaneous melanoma,174 CNAs in CoM were observed more frequently in BRAF/NRAS-wildtype 
tumours.17 CNAs in CoM are distinct from observations in UM17 where loss of chromosome 3 
(which includes the BAP1 gene) occurs frequently and is related to the development of metastases.164 
Other alterations that are frequently observed occur in chromosomes 8q and 6 (reviewed by Jager 
et al., 2020.9).

Most of the reported CNAs in CoM have no relation with clinical parameters or prognosis. A recent 
study identified that deletion of chromosome 10q was related to the presence of BRAF mutations, 
increased tumour thickness, metastasis development, and lymph invasion.171 Genes encoded by 
the 10q region are SUFU, NEURL1, PDCD4, and C10orf90 (all of which are tumour suppressor 
genes). The work by Kenawy et al, studying 59 lesions, shows the relevance of CNAs in CoM when 
assessing a relatively large cohort;171 multicentre projects such as these are therefore essential to 
obtain sufficient numbers.

Predisposition syndromes

Several genetic disorders or syndromes exist that predispose to the development of cancer and 
melanoma, e.g. the Familial atypical multiple mole melanoma (FAMMM) syndrome and the BAP1-
tumour predisposition syndrome. To our knowledge, no such syndromes have been identified for 
CoM, possibly due to the rarity of this disease. It is likely however, from melanocyte biology, that 
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certain syndromes that are associated with cutaneous melanoma, relate to development of CoM as 
well. Further studies are warranted, to identify patients at risk of CoM, and to optimize guidelines 
for screening.

A well-known melanoma syndrome is the FAMMM syndrome, also known as ‘dysplastic nevus 
syndrome’, which is associated with an increased risk for dysplastic nevi and cutaneous melanoma.175 
Despite suggestions from earlier reports,176 more recent insights show that individuals with FAMMM 
do not have an increased risk for developing conjunctival pigmented disease (including melanoma) 
compared to others in the population.177 Small numbers limit the strength of conclusions however.

Neurofibromatosis type I (Von Recklinghausen disease) is a genetic disorder, caused by a loss-of-
function mutation in the (tumour suppressor) NF1 gene.178 Abnormal function of the neurofibromin 
protein increases RAS activity, resulting in development of several benign and malignant tumours. 
From this biology, it is no surprise that an increased risk for cutaneous melanoma has been reported,178 
although others state that the risk is not above chance,179 and that sampling bias is a major concern. 
Several reports exist of CoM in patients with NF1-disease, but rarity of both conditions limits a 
conclusion on chance.180-183 It remains controversial whether NF1-disease predisposes to UM.184

The nevus of Ota (oculodermal melanocytosis) is a congenital pigmented condition of the periocular 
area, which includes the skin, sclera, uvea and orbit. It was estimated that the lifetime risk for 
UM development in this condition was 1:400,185 which is clearly above chance alone, and once 
UM develops, these patients have an increased risk for metastases.186 Several cases of cutaneous 
melanoma have been reported in relation to a nevus of Ota,187 including detrimental melanoma 
with orbital invasion,188 but it has not been concluded that there is a true increased risk. Despite 
an apparent involvement of the ocular surface, we are not aware of reports on CoM associated with 
an ocular nevus of Ota. Pigmentation in nevi of Ota is not conjunctival however, and mutations 
in GNAQ can be found,131 explaining a relation to blue nevi and UM rather than to cutaneous 
melanoma or CoM.

The BAP1 tumour predisposition syndrome leads to increased risks for several malignancies, 
including UM189 an to a lesser extent cutaneous melanoma.168 There has been a report on a patient 
with the BAP1 tumour predisposition syndrome and a conjunctival melanoma, who later developed 
a cutaneous melanoma; unfortunately no molecular testing or BAP1 staining was performed on 
the conjunctival lesion, questioning its true origin as primary conjunctival or metastatic lesion.190 

miRNA

Micro-RNA (miRNA) is a class of small non-coding RNA that can regulate gene expression post-
transcriptionally.191 Conceptually, they can affect the expression of proto-oncogenes and tumour 
suppressor genes, and can serve as potentially diagnostic and prognostic markers, and as targets 
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for therapy. Often, miRNA have multiple targets, making it difficult to study individual effects. 
A plethora of miRNA have been identified in cutaneous melanoma, emerging as a new field in 
oncology.191

The first analysis of miRNA in CoM was presented by Larsen et al.192 Studying 37 lesions, they 
found 25 miRNA that were differentially expressed between CoM and normal conjunctiva; several 
were concordant with miRNA known from cutaneous melanoma, while none were observed that 
had previously been associated with UM. Clustering based on seven miRNA showed that low, 
intermediate and high expression related in ascending order to increased CoM tumour thickness, 
but a true prognostic value was limited as only two miRNA related to recurrences, and none to 
development of metastasis.

Later work from the same group by Mikkelsen et al. analysed 13 CoM with paired metastatic lesions, 
and 25 CoM lesions that did not develop metastasis during a follow up of at least 5 years.193 MiRNA 
were identified that showed a differential expression between non-metastatic and metastatic CoM, 
between CoM and its coupled metastasis, and between CoM and normal conjunctiva. Interestingly, 
pathway analysis of the involved miRNA showed that the hippo pathway and p53 were involved 
in the differentiation of normal conjunctiva to CoM. Unfortunately, there was a poor correlation 
between the array data and qPCR validation, implying that results need to be confirmed.

Ipenburg et al. studied 20 CoM and 6 conjunctival nevi, and validated the results in 19 CoM 
and 13 conjunctival nevi from another institution.194 They identified five miRNA’s (out of the 
377 studied) that showed increased levels in CoM versus conjunctival nevi, and found that the 
homeobox gene clusters constituted a possibly shared pathway. No differences were found between 
lesions with or without metastases and no relation with clinical characteristics was reported. As an 
advantage of miRNA analysis, Ipenburg noted that miRNA testing may be used in cases with only 
very little available tissue, making it into a potential classifier to differentiate between a nevus and 
a melanoma.

Conclusions (Genetics)

Genetic mutations in CoM follow the same pattern as cutaneous and other mucosal melanoma. 
Frequently-observed mutations are those in BRAF, NRAS, NF1, and TERT. KIT mutations are rare 
but may relate to subgroups in non-Caucasians. Mutations in CoM combine the patterns from 
skin lesion with chronic sun damage (CSD) as well as non-CSD, being most like intermittently 
sun-exposed cutaneous melanoma. Although both are ocular tumours, CoM are genetically very 
different from UM, with mutations usually occurring in GNAQ/11 or BAP1. 
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Little is known about tumour predisposition syndromes and CoM development. It may be expected 
that the FAMMM syndrome and Neurofibromatosis type 1 are related to CoM development, but 
the rarity of both limits the chance of finding a CoM in a patient with NF. 

The diagnostic value of tumour genetics is currently confined to specific cases. The mutational 
profile may differentiate primary CoM or cutaneous melanoma from UM (and its metastases); 
differentiating a primary CoM from a lesion with a cutaneous origin is genetically difficult. Recent 
studies on miRNA show that expression profiles may help to differentiate benign from malignant 
conjunctival lesions, but this requires further validation.

The value of genetics for prognostic purposes in CoM is currently limited. Recently, TERT mutation 
presence was identified as an important factor,116 as was loss of chromosome 10q,171 both being 
related to metastasis development. Together with miRNA expression profiles, this shows that there 
may be prognostic use in the future. Genetic characterization of CoM may additionally be used 
to identify the most appropriate targeted therapy e.g. with BRAF inhibitor therapy, for selected 
patients. Although BRAF status is currently not predictive of outcome in CoM, it may become 
a prognostic factor in the future now that patients with BRAF mutations can receive targeted 
treatment.

4. IMMUNOLOGY

Tumour immunology

The human immune system is of paramount importance for tumour growth and control. 
Inflammation is therefore considered one of the hallmarks of cancer.109,195 The immune system may 
inhibit tumour growth by killing tumour cells, but may also provide cytokines and chemokines that 
stimulate growth and tumour spreading. Tumours, on their turn, may use mechanisms to prevent 
attack by the immune system. 

An important part of the specific immune response against tumour cells is played by Cytotoxic T 
cells (CTLs, also referred to as ‘effector T cells’). These cells kill tumour cells when they recognize a 
specific antigen, presented via HLA Class I on the tumour cell membrane.196 Tumours may learn to 
escape the killing effects of these T cells by loss of expression of HLA molecules, causing decreased 
recognition. Another escape mechanism acts via immune checkpoints, i.e. molecules that naturally 
help to diminish the activity of CTLs, preventing auto-immunity. It was recently discovered that 
these checkpoints can be blocked, leading to a new class of drugs (i.e. immune checkpoint-inhibitors 
(ICI’s)) with promising results in many malignancies, including metastatic cutaneous melanoma. 
The first checkpoint inhibitor that was approved for metastatic melanoma by the United States 
Food and Drug Administration (FDA) in 2011 was ipilimumab, an IgG monoclonal antibody that 
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blocks cytotoxic T-lymphocyte-associated protein 4 (CTLA4).22 Later, in 2014, monoclonal antibodies 
against Programmed cell death protein 1 (PD-1) followed, when nivolumab and pembrolizumab 
were approved by the FDA.23,197 The 2018 Nobel Prize in Physiology or Medicine was awarded to 
Dr James P. Allison and Dr Tasuku Honjo for their discovery of CTLA4 and PD-1, respectively. 

In this section, we discuss the current knowledge on infiltrating immune cells and expression of 
immunologic markers in conjunctival melanoma (CoM), and relate it to relevant observations from 
cutaneous and uveal melanoma (UM). In chapter 5.3, we elaborate on newly developed checkpoint 
inhibitor therapies and discuss the first clinical observations of their application in CoM.

Infiltrating lymphocytes and macrophages

Cell types of tumour infiltrate
The tumour micro-environment may contain a wide range of immune cells which play a role in the 
innate (non-specific) and the adaptive (specific) immune responses. Two main types of cells can be 
identified: histiocytes (i.e. macrophages and dendritic cells) and lymphocytes (i.e. B cells, T cells, 
and NK cells).

Macrophages are monocytes that originate in the bone marrow and circulate in the blood, until they 
are recruited to specific sites by chemokines. They have a role in protection against infections and 
in wound healing, through the production of various growth factors and cytokines.198 Macrophages 
can be of an M1 or M2 subtype (though this should be considered as a spectrum), with different 
receptors, effector functions and chemokines.199 M1-type macrophages target infectious diseases 
and can kill bacteria; they express high levels of pro-inflammatory cytokines, such as IL-12 and 
tumour necrosis factor (TNF). M2-type macrophages have an anti-inflammatory, pro-angiogenic, 
tissue remodelling role (and produce IL-10). Differentiation follows in response to microbial 
agents or exposure to cytokines such as interferon (IFN)-gamma.199 While the total number of 
macrophages can be determined through marker CD68, the M2 type macrophages are commonly 
identified by double staining with monoclonal antibodies against CD68 as well as CD163. 
Tumour-associated macrophages (TAM’s) are mainly of the M2 type,199 which was demonstrated 
in cutaneous melanoma, CoM,200 as well as in UM.201 M2 type macrophages are notably linked to 
increased tumour angiogenesis in several melanomas,201-203 where vessels serve to supply nutrients as 
well as provide a dissemination route for metastases.

Similar to macrophages, dendritic cells (DCs) are part of the antigen-presenting cell family; they 
play a major role in the initiation and regulation of immunological processes. They induce an 
antitumour response by cross-presenting antigens to both CD8+ and CD4+ cells, and can activate 
NK cells. DCs go through a maturation process,196 but this will not be further discussed in this 
chapter.
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Lymphocytes comprise a group of cells with various functions. B cells are known to produce 
antibodies, which help protect against infections.204 Antibodies have a great target specificity, and B 
cells may support immune responses of other cells, such as T cells. Several different T cell types can 
be identified, such as the already mentioned CTLs, which express marker CD8. These CD8+ T cells 
can kill tumour cells and inhibit tumour growth by releasing IFN-gamma and TNF-alfa. Another 
important group of T cells is made up of T helper cells (Th) that express CD4. This group consists 
of several subtypes: Th1 and Th2 help the anti-tumour response by stimulating CD8+ T cells via 
the production of IFN-gamma, Transforming Growth Factor (TGF)-beta and IL-2.205 Th1 cells can 
activate macrophages and help with the maturation of dendritic cells.196 T regulatory cells (Tregs) are 
a specific subclass of Th cells that suppress immune responses. They express the protein forkhead box 
P3 (FoxP3). Normally they have a role in maintaining immunologic self-tolerance and preventing 
autoimmune disease. In cancer, they may inhibit the anti-tumour action of other T cells.206 A cell 
type with a broader reactivity is the Natural Killer (NK) cell. NK cells are able to kill cells that lack 
HLA Class I expression, or that express NK-activating ligands.207 They are the effector cells of the 
innate immune system, but also interact with adaptive responses of the T and B cells.196 

Tumour infiltrate in CoM
The first reports on inflammation in CoM date back to the second half of the 20th century.208,209 Using 
regular histopathological examination, the presence of inflammatory cells was studied. Inflammatory 
cells could be divided into lymphocytes (small cells with a large nucleus) and macrophages, which 
have a large nucleus and ample cytoplasm, and often contain pigment (i.e. melanophages). It was 
soon recognized that infiltrate could be analysed for its prognostic value, analogous to findings from 
cutaneous melanoma,210 and some studies likewise identified a significant association between the 
presence of infiltrate and better survival in CoM (Table 5).209,211

The amount of infiltrate demonstrated quite some variability. In early studies, absence of infiltrate 
was reported in 0 to 51%, and several subjective grading scales were used to describe the presence 
of infiltrating cells. Jay reported on a considerable set of 73 cases of CoM, noting no infiltrate in 13 
cases (18%), few cells in 17 cases (23%), moderate numbers in 26 cases (36%) and numerous cells in 
17 cases (23%).208

Several studies found no relation between the presence of infiltrate in CoM and prognosis.208,212,213 
Others did find such an association,209 including Folberg, who studied the thickest known lesion 
of each patient (which could include later biopsies or recurrences as well) in a large set of 98 CoM 
associated with PAM; he found that lack of inflammation was associated with worse survival.211 
Another study found that inflammation was not related to survival in a univariate regression model, 
but that it did relate to better survival in a multivariate model which included other histological 
parameters.214 
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In the 1980s, monoclonal antibodies were created that helped to identify subtypes of the lymphocyte 
family. This allowed the identification of specific cell types, each with a specific cell surface marker 
and function: CD3 is a general T cell marker, CD8 is associated with cellular toxicity (CTLs) and 
CD4 is associated with the T-helper (Th) function. Anastassiou et al. observed variable amounts 
of infiltrating CD3+ cells in 26/32 (81%) of evaluable CoM.215 CD68+ cells (macrophages) were 
present in almost all cases (in 33/34 (97%) of samples). There was no relation between the number 
of CD3+ or CD68+ cells and tumour-related mortality. A similar study in the same era used 
immunohistochemical staining to study the presence of lymphocytes and CD68+ macrophages in 
60 specimens of CoM.216 Lymphocytes were seen more frequently in limbal lesions, and numbers 
were inversely related to tumour thickness; they were not associated with the development of 
recurrences or survival. The number of macrophages was not associated with tumour location, 
thickness, or prognosis.

A decade later, Cao et al. continued on this work and studied the infiltrate of T cells and macrophages 
in 27 CoM using immunofluorescence (Figure 7).200 All samples demonstrated infiltrate, again in 
varying amounts. Epibulbar (or cT1) lesions showed higher numbers of CD3+CD8- (i.e. Th) cells 
compared to non-bulbar (or cT2) CoM. The number of infiltrating cells was not related to gender, 
age, recurrences, metastasis or survival. There was an inverse relation between lesion thickness and 
numbers of CTLs (CD3+CD8+) and M2 macrophages (CD68+CD163+), which corresponded 
to the findings of Tuomaala. Cao additionally observed an inverse relation between largest basal 
diameter (LBD) and all types of lymphocytes. It was hypothesized that in the absence of infiltrate, 
including CTL’s, CoM can grow unrestrained.

Cao noted that, using the same antibodies and techniques as in prior studies on UM, CoM contains 
higher densities of CD4+ overall, CD4+ Th, and CD4+ Treg cells than UM, but densities of CD8+ 
T cells and macrophages were lower; the cause of this is unknown. Just as in UM and cutaneous 
melanoma, the majority of macrophages in CoM were of the M2 type.200 

Some studies report on the importance of ratios between infiltrating cells: a high CTL/Treg and 
M1/M2 ratio was related to improved survival in cervical cancer and cutaneous melanoma.217,218 
In Cao’s work on CoM, however, these ratios did not relate significantly to survival or recurrences.

Major historical work on infiltrate in cutaneous melanoma was performed by Clark et al.,210 
who introduced the term tumour-infiltrating lymphocytes (TILs) and proposed the traditional 
classification system of TILs as being ‘absent’ (absent or not infiltrating), ‘non-brisk’ (i.e. focal 
presence) or ‘brisk’ (i.e. present at the base of lesions, or diffuse intratumourally).220 [An illustrative 
review on the history of TIL research was presented by Mihm et al.221].



114

Chapter 3.1

Clark noted that the absence of TILs was related to a worse survival in cutaneous melanoma.220 
Later studies were contradictory: immune infiltrate was often related to unfavourable tumour 
characteristics, but not uniformly to worse survival.222,223

Possibly, these discrepancies can be explained by characteristics of study groups. It has long been 
reported that TILs have impact in the vertical growth phase, but not in the (earlier) radial growth 
phase,220 limiting conclusions in studies that include smaller, radial growth phase, lesions. Even so, 
the impact of TILs may be most clear in thicker lesions, despite thicker lesions having lower TIL 
numbers in general.223

When looking at Tregs specifically, it was observed that a high FoxP3 expression was associated with 
worse survival in 185 primary cutaneous melanoma patients, independent of lesion thickness. This 
points towards a suppressive action of Tregs in this malignancy.224

The role of macrophages in cutaneous melanoma is less well understood. In 202 samples, high 
counts of CD68+ cells were related to unfavourable features such as a greater Breslow thickness, 
ulceration, a higher mitotic rate and a high microvascular density (of both blood vessels and 
lymphatic vessels).203 However, in this study no relation with relapse-free or overall survival was 
noticed. The finding that both blood vessels and lymphatic vessels were increased in lesions with 
many macrophages is interesting, as cutaneous melanoma (as well as CoM!) is known to disseminate 
via both routes, with an especially important role for the lymphatic route.
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Figure 7. Tumour infiltrate in CoM. (A) CoM tissue was stained using H&E, CD3 (green, membrane), CD8 (red, 
membrane) and FoxP3 (blue, nucleus). The merged imaged allows for identification of individual cell types: the 
combination of nuclear blue Foxp3 and surface green CD3 staining (white arrow) indicates the presence of CD3+CD8-
Foxp3+ T cells. The green arrow indicates a CD3+CD8-Foxp3- T cell, and the red arrow points at CD3+CD8+ T 
cells. (B) Staining with H&E, CD68 (green, cytoplasm/membrane), and CD163 (red, cytoplasm/membrane). The 
merged image shows double-positive M2 type macrophages cells. The scale bar of immunofluorescence images is 20 
μm, and of H&E images is 50 μm. [Figure re-used from Cao et al. 2017 with permission.200]
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UV radiation was found to influence the immune infiltrate in cutaneous melanoma lesions, by 
recruiting macrophages and neutrophils.81,82 This is relevant for CoM as parts of the conjunctiva are 
sun-exposed. Macrophages have pro-angiogenic effects that are relevant for tumour dissemination. 
These effects include an increased IFN-gamma signalling, with upregulation of CCL8.82 Even 
so, neutrophils stimulate angiogenesis and promote migration of melanoma cells towards blood 
vessels.81

Many concepts from tumour immunology have been contrasted between extraocular melanoma 
and intraocular UM. In the latter, the presence of inflammatory cells is known to be unfavourable 
for many decades.225,226 By this remarkable position, UM provides an example of immunologic 
failure to destroy tumour cells, elucidating mechanisms of tumour escape that are relevant to other 
tumours as well. As such, alterations in HLA and PD-L1 expression are very relevant to CoM and 
are discussed in sections 4.3 and 4.4.

Similarities between extra-ocular melanoma and UM are seen in the role of (pro-inflammatory) 
macrophages and (immune suppressing) Tregs. The presence of both CD68+ and CD163+ cells is 
related to unfavourable features in UM as monosomy 3, ciliary body involvement, greater LBD, 
and worse survival.227-229 Even so TAMs are related to a higher vascular density.167,201,228 FoxP3+ cells 
(Tregs) were identified relatively recently in UM,227 and while the prognostic significance needs 
further study, the presence of intratumoural Tregs has been related to a poorer clinical outcome230 
similar to what is seen in cutaneous melanoma. 

Recent work shows that UM with increased numbers of CD8+ cells, increasingly express immune 
checkpoint inhibitors ‘Indolamine 2,3-Dioxygenase 1’ (IDO1) and ‘T cell immunoreceptor with 
Ig and ITIM domains’ (TIGIT) (which limit the efficacy of CTLs to kill tumour cells).231 This 
may explain the opposite effects of TIL presence on survival in UM and other melanomas. The 
expression of these checkpoints in CoM is unknown, but may be relevant in cases that fail to 
respond against immunotherapy. Even so, Fas Ligand is a suppressor of immune activity and being 
expressed in conjunctival epithelium,232 may contribute to CoM resistance against new therapies.

Discussing the infiltrate in CoM
Despite a limited number of studies on CoM, several conclusions can be drawn regarding the role 
of the immune infiltrate (Table 6). As such, immune cells appear to be favourable: in early reports 
on CoM an association was established between the presence of immune cells and a favourable 
prognosis.209,211,214 The specific roles for subtypes of the infiltrate need to be elucidated however, 
as later studies, examining the specific presence of T cells or macrophages, failed to confirm an 
association with survival.200,215,216 Two recent works (by Tuomaala and Cao) identified an inverse 
relation between lymphocytes and tumour thickness (a known unfavourable factor), but did not 
see the same relation with macrophages. These findings in CoM largely mirror those of cutaneous 



119

Tumour Genetics and Immunology in Conjunctival Melanoma

3.
1

melanoma where infiltrating lymphocytes correspond with a favourable prognosis (and thin lesions). 
Interestingly, an immune infiltrate in cutaneous melanoma has especially prognostic significance in 
vertical growth phase and thick lesions. CoM apparently behaves more as a vertical-growth phase 
cutaneous melanoma than as a radial growth phase tumour. T﻿hough little data is available for other 
mucosal melanoma, findings are similar to those in CoM, as in oral mucosal melanoma the absence 
of TILs was related to more metastases (but not to worse survival).233

The role of TILs in CoM, and cutaneous melanoma, is clearly different from the role in intraocular 
UM, where their presence is associated with a worse prognosis. Interestingly, the presence of TILs is 
often positively correlated with the presence of TAMs: this has been reported for CoM,200 cutaneous 
melanoma,203 and UM.227 In UM, the presence of both cell types is prognostically unfavourable, 
while in cutaneous melanoma they appear to have opposing effects. The mild or absent relations 
between infiltrate and prognosis in cutaneous melanoma and CoM may therefore be explained, 
as the different cell types counteract each other. Another important issue may be that inhibitory 
forces (from Tregs or immune checkpoints) are more pronounced in intra-ocular than extra-ocular 
melanoma, explaining why the prognostic role of infiltrate is less in cutaneous melanoma and CoM.

Future projects could analyse the infiltrate in CoM with larger sample sizes, to compare findings 
from cutaneous melanoma with more statistical power. The role of macrophages should be unveiled, 
together with its influence on angiogenesis and development of lymphatic vessels (which is of major 
importance for metastases). Translating important lessons from UM research, the inhibitory aspects 
of checkpoint inhibition, expression of mechanisms as IDO and TIGIT, and the role of Tregs 
deserve attention. The presence of immune cells cannot be considered a binary event, with varying 
and even opposing roles for various cell types, and understanding this is a requirement before 
clinical steps may be undertaken, as to select patients for T cell-based immunotherapies. 

Table 6. Overview of the effects of infiltrate in different types of melanoma.

Presence 
of:

Conjunctival Melanoma Cutaneous Melanoma Uveal Melanoma

Clinical 
characteristics Prognosis

Clinical 
characteristics Prognosis

Clinical 
characteristics Prognosis

TILs Good Good/NS Good Good Bad Bad/NS

TAMs NS NS Bad Bad Bad Bad

Abbreviations: TIL, tumour infiltrating lymphocyte; TAM, tumour associated macrophage; NS, not significant.
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HLA expression

The HLA system
The human leukocyte antigen system (HLA, the human counterpart of the major histocompatibility 
complex (MHC)) comprises a class of molecules with a major role in immunology. Two main 
types of HLA are identified: HLA Class I and HLA Class II. The HLA Class I molecule consists 
of two polypeptide chains: the non-polymorphic light b2-microglobulin (B2M) chain (encoded 
on chromosome 15), and the highly polymorphic heavy alpha chain (encoded by the HLA gene 
on chromosome 6p21).234 Different types of the HLA Class I molecules are HLA-A, HLA-B and 
HLA-C. HLA Class I proteins are expressed on (almost) all nucleated cells. Their function is to 
present peptides from intracellular proteins and invasive viruses to the T cell receptor of CD8+ 
killer T cells. Also, HLA Class I inhibits NK cell activity.235 HLA Class II molecules have a different 
structure with an alpha and beta chain (both encoded on chromosome 6). Major variants are HLA-
DM/DO/DP/DQ/DR. HLA Class II is mainly present on immune cells, such as B cells, some T 
cells, and antigen-presenting cells (APCs). It can be upregulated on other cells during inflammation. 
Its function is to present peptides from outside the cell, and to interact with CD4+ T helper cells.235 
Some HLA alleles, as HLA-B27, are strongly related to the development of specific diseases.236

In cancer research, HLA Class I has received much attention for its role in mediating interactions 
between tumour cells and T cells. Loss of HLA Class I (which can either be reversible (“soft”) or 
irreversible (“hard”))237 is a mechanism to escape immune surveillance, and has been associated 
with worse survival in many malignancies, including cutaneous melanoma.238 IFN-gamma can 
upregulate HLA Class I expression and therefore may restore the susceptibility of tumour cells to be 
lysed by T cells. However, counterbalancing mechanisms exist as NK cells on their turn are being 
activated by the absence of HLA Class I.207 

Expression of HLA Class I on CoM
HLA Class I expression in CoM was studied by Cao et al. in 23 samples using immunofluorescence.239 
A marked positive expression was observed for HLA-A, HLA-B/C or B2M in a third of lesions, 
which is less than seen in cutaneous melanoma.240

The level of expression of HLA Class I in CoM was not related to the tumour’s basal diameter, 
development of recurrences or metastases, or survival. There was a correlation with prognostic 
factors however, as epibulbar/T1 CoM had a higher HLA Class I expression, and thicker CoM had 
a lower expression of HLA Class I. An increased expression of HLA Class I was associated with a 
higher number of CD68+CD163+ macrophages, and tended to be so with CD8+ lymphocytes, 
even in this small series; this suggests that macrophages and T cells play a role in stimulating HLA 
Class I expression in CoM, similar to the situation in UM.241 In vitro work on three CoM cell 
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lines demonstrated that addition of IFN gamma indeed caused upregulation of HLA Class I and 
of its transcriptional regulators CIITA, IRF1, NLRC5, and the Transporters associated with Antigen 
Processing TAP1 and TAP2.239

It is not yet known whether the low expression of HLA Class I in CoM is due to mutations, loss 
of heterozygosity (LOH) in chromosomes 6 or 15, epigenetic downregulation, or prior immune 
selection that led to outgrowth of HLA Class I negative tumour cells.242 A study of CoM-derived 
cell lines showed that at least two of three cells lines contained a hard loss of HLA antigens: cell 
line CRMM1 had lost its HLA-A2 cell surface expression and cell line CRMM2 its HLA-B44 
expression.239

The relatively recent findings on HLA expression in CoM are in line with earlier studies from 
cutaneous melanoma. Expression of HLA Class I and TAP1 and 2 is associated with decreased 
lesion thickness,238,243,244 and a longer time to disease progression and longer survival.238 Even so, 
metastases have a lower HLA Class I expression compared to primary lesions,238,244,245 and HLA 
expression is favorably associated with tumour regression.246

HLA expression may be of a different phenotype in metastases compared to primary lesions due to 
selective outgrowth, and the expression on metastases may become resistant to upregulation due to 
mutations in the IFN pathway.247

Recent work shows that HLA I expression relates to survival after checkpoint inhibition in advanced 
melanoma patients: homozygosity of at least one allele and LOH are related to worse survival (with 
less variation to present tumour antigens), and while the presence of an HLA-B44 allele was related 
to significantly better survival after checkpoint inhibition, presence of an HLA-B62 allele was 
related to reduced survival. This can have implications for the design of future trials,248 including 
for potential studies on CoM.

The role of tumour infiltrate on HLA expression can be demonstrated by a comparison between 
CoM and UM. In UM, a high HLA Class I expression is similarly associated with the presence of 
both leukocytes and macrophages (CD3, CD4, CD8, CD11B, CD68),231,241,249 but it is associated 
with unfavourable tumour characteristics, such as monosomy 3 and decreased prognosis.229,249 This 
led to the hypothesis that NK cells are specifically important for tumour surveillance in UM,250,251 
while CTLs are more important in cutaneous and conjunctival melanoma. This is supported by 
findings that NK cells are more effective in killing HLA-negative cells in the blood compared to in 
lymphoid vessels,247 which fits the metastasis pattern of both UM and CoM.
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Discussing HLA expression in CoM
Few projects focused on HLA expression in CoM, but the available data suggest that HLA 
expression is associated with favourable tumour traits, and that expression is increased in the 
presence of an immune infiltrate. These concepts are in line with work from cutaneous melanoma, 
and to some extent with UM. Understanding HLA expression in CoM is important as it underlies 
the efficacy of T cell-mediated therapy. Downregulation of HLA Class I can limit this efficacy, 
and HLA expression may therefore be a selection criterion for therapy in patients, as advised by 
Cao.239 Even so, upregulation of HLA may be a part of future therapies to enhance the efficacy 
of immunotherapy. It should be studied whether subtypes of HLA respond differently to T cell-
mediated therapy in CoM, as can be expected from work on cutaneous melanoma.

PD-1/PD-L1 expression

Immune checkpoints
The interaction between CTLs and tumour cells is influenced by various stimuli, including the 
checkpoint pathways. One of the major checkpoint pathways acts via PD-1/PD-L1. PD-1 is a 
glycoprotein that is expressed on activated T cells and that can bind to its ligand PD-L1 on the 
surface of tumour cells and macrophages. The PD1/PD-L1 interaction results in several inhibitory 
events within T cells, including inhibition of cytokine and enzyme production, and inducing 
stagnation of cell cycle or even apoptosis. This prevents T cells from targeting the tumour cell 
(Figure 8).252 Other ligands for PD-1 exist, such as PD-L2, but these are beyond the scope of this 
manuscript. 

Blockade of the PD-1/PD-L1 interaction is the underlying mechanism of anti-PD-1/PD-L1 
therapies. In advanced cutaneous melanoma, anti PD-1 therapy has proven successful, with 
nivolumab treatment showing a better overall survival (OS) and progression-free survival (PFS) 
than chemotherapy (dacarbazine).23 Both nivolumab253 and pembrolizumab197 monotherapy (both 
against PD-1) provide a better response (with a higher overall survival and progression-free survival) 
compared to the original checkpoint inhibitor ipilimumab (anti-CTLA4).

The CTLA-4 protein is another negative regulator of T cells (Figure 8).254 Its function is based on 
the fact that T cells require more than one stimulatory signal to be activated. CTLA4 is expressed on 
T cells, and competes with CD28 molecules to bind B7, which is their shared ligand. CTLA4 has a 
greater affinity for the ligand however, and while a CD28-to-B7 binding would lead to increased T 
cell activity, a CTLA4-to-B7 binding does not cause activation and may even cause inhibition of the 
cell. The full mechanism is not fully understood however, and is likely more complex, involving for 
instance CTLA4-mediated activation of Tregs. To explain checkpoint inhibition in CoM, we will 
focus on the PD-1/PD-L1 interaction.
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Figure 8. Checkpoints in tumour immunology. (A) CTLs interact with melanoma cells via HLA Class I molecules. 
Downregulation of HLA Class I causes CTL failure to recognize melanoma cells. Binding of PD-1 to its ligand PD-L1 
causes inactivation of T cells, reducing the tumour killing capacity. Monoclonal antibodies against PD-1 or PD-L1 
prevents the inactivating signal, resulting in undisturbed T cell activation. (B) T cells require co-stimulation apart 
from signalling via the TCR. Binding of B7 to CD28 causes activation, while binding of B7 to CTLA4 causes reduced 
signalling or even inactivation of T cells. Monoclonal antibodies against CTLA4 prevent the inactivating signal, 
resulting in undisturbed T cell activation. Abbreviations: TCR, T cell receptor; HLA-I, HLA Class I molecule; mAb, 
monoclonal antibody; APC, antigen presenting cell.

Predictive value of PD-L1 expression for treatment response
Tumour cells can express variable levels of PD-L1. One would expect that the level of PD-L1 
expression on tumour cells is a marker to predict response against specific (invasive) checkpoint 
inhibitors, since it is the blocking of this exact PD-1/PD-L1 axis that underlies the mechanism of 
action. Various studies on advanced cutaneous melanoma indeed observed better response rates to 
checkpoint inhibitors and longer survival in patients with PD-L1 positive tumour cells compared 
to PD-L1 negative lesions: this was reported for pembrolizumab (anti-PD1),255 nivolumab (anti-
PD1),23 ipilimumab (anti-CTLA4) and nivolumab + ipilimumab combination therapy.256 Even 
so, a melanoma type with little PD-L1 expression (UM)257,258 shows little response to checkpoint 
inhibitor therapy.24 However, in cutaneous melanoma many patients with PD-L1 negative lesions 
also responded favourably to these treatments: while 53% of patients with PD-L1 positive lesions 
had an objective response to nivolumab treatment, also 33% of patients with PD-L1 negative 
lesions had a response, providing survival benefit compared to chemotherapy for PD-L1 negative 
lesions as well.23 It has been suggested that not only PD-L1 expression on tumour cells is relevant to 
therapy, but also the expression on cells in the tumour microenvironment.259

Adding to the debate on the usefulness of PD-L1 assessment, there is concern about the sensitivity 
of specific immunohistochemistry staining tests for PD-L1, with different scoring systems and cut-
off levels being used between studies.260 In addition, PD-L1 expression may vary over time.261 
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PD-L1 expression in CoM
Only a few studies analysed expression of checkpoint inhibitors in CoM. An early study on PD-L1 
expression in mucosal melanoma of the head and neck, observed positive PD-L1 in 3/23 cases; the 
three cases of CoM that were included in this set were all negative.262 All nine samples of cutaneous 
melanoma that were used as control were PD-L1 positive.

Cao et al. studied PD-L1 expression in 27 cases of CoM (Figure 9).200 Using a cut-off of 5% of cells, 
PD-L1 was expressed on tumour cells in 5 (19%) cases, and on stromal cells in 16 (59%) cases (Fig 
4.3). Stromal expression mainly involved M2 macrophages. PD-L1 expression on tumour cells was 
associated with more metastasis and disease-specific death, studied in a cohort with a median follow 
up time of 46 months. 

Recent work on 65 CoM confirmed that PD-L1 is expressed more often on immune cells (58%) 
than on tumour cells (10%), and that PD-L1 expression on CoM is associated with worse survival 
at a median follow-up time of 29 months; however, expression results varied between two applied 
IHC antibodies.219

The reported PD-L1 expression on CoM tumour cells (up to 19%)200,219 is somewhat less than 
reported in cutaneous melanoma (30-35%)23,263. A large study on cutaneous melanoma reported 
a somewhat lower level of PD-L1 positive expression (24% of cases), but in a fairly large number 
of cases (11%), no status could be determined so the actual expression may be different.253 PD-
L1 expression on CoM is higher than on other mucosal melanoma (sino-nasal, vaginal, rectal).90 
Importantly, the cut-off for deeming a sample positive has a major influence on the reported 
numbers: one study reported PD-L1 expression in 76% of cutaneous melanoma samples, but used 
a cut-off of only 1% of cells expressing PD-L1.255

PD-1 expression has not been identified on CoM tumour cells, but is expressed on T cells in 17 
(63%)200 and 15 (23%)219 of cases. In both studies, no significant relation with patient outcome was 
established, but Cao reported a trend between PD-1 expression and a higher number of recurrences.

IFN-gamma is known to enhance PD-L1/PD-1 expression in cutaneous melanoma.263 In vitro 
analysis by flow cytometry of three CoM cell lines (CRMM1, CRMM2, CM2005.1) demonstrated 
no background expression of PD-L1, while one cell line (CRMM2) showed expression of PD-1. 
Addition of IFN-gamma induced upregulation of HLA Class I (used as control) in all three cell lines, 
with two lines showing an increase in the expression of PD-L1 (CRMM2 and CM2005.1), and 
one of PD-1 (CRMM2). These findings show that IFN-gamma, produced by tumour-infiltrating 
lymphocytes (TILs), may be responsible for enhancing PD-L1 expression in CoM.200 This is similar 
to findings in cutaneous melanoma.263
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A limitation to studies regarding PD-L1 in CoM is the small size of tissue samples. PD-L1 expression 
can be quite heterogenous within samples264 and it is not known how a small sample represents the 
PD-L1 status of the tumour as a whole.200 Since cutaneous melanoma patients with PD-L1 positive 
as well as negative tumours may respond favourably to anti-PD-1 treatment, this may not so much 
be a selection criteria for treatment per se (and negative staining should not prohibit CoM patients 
from entering trials).255 Even so, combining checkpoint inhibition with other interventions such as 
radiotherapy may be beneficial, as is currently attempted in UM.9

Figure 9. PD-L1 expression in CoM. (A) Membranous PD-L1 staining (red) is demonstrated in a positive control 
(human tonsil tissue). (B) Staining with HMB45/MART-1 (green, cytoplasmic/membranous) allows for identification 
of tumour cells. (C) PD-L1 (red, membranous) is expressed in the studied tissue. (D) Double staining shows that PD-
L1 is expressed on CoM tumour cells. [Figure re-used from Cao et al., 2017 with permission.200]

Discussing PD-L1 expression in CoM
The expression of PD-L1 in CoM seems to mirror the findings of cutaneous melanoma, though 
somewhat lower percentages of expression have been reported. Whether PD-L1 expression has 
prognostic value or is a therapeutic indicator in CoM has not yet been established, but it can be 
expected that larger studies would identify this, as is seen in cutaneous melanoma. The relevance of 
this predictive effect may be similarly limited however, as PD-L1 negative CoM may still respond 
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to immunotherapy. Prior to initiation of larger translational studies in CoM, it may be needed to 
overcome technical issues such as the difficulty of obtaining representative PD-L1 expression results 
from small tissue samples.

Novel approaches regarding checkpoint inhibition in cutaneous melanoma include the combination 
with radiotherapy265 or photodynamic therapy in preclinical models.266 As radiotherapy has been 
well-established in CoM, this may be readily-transferable to CoM as well.

Conclusions (Immunology)

Similar to the situation in cutaneous melanoma, the presence of an immune infiltrate is favourable 
in CoM. Questions remain on the exact role of all cell types of the immune infiltrate, and 
regarding the role of inhibitory forces such as those of T-regs. It is as yet unknown how infiltrating 
macrophages relate to (lymph and blood) vessel development in CoM, which may provide a possible 
dissemination route for metastases. Even more, expression of IDO and TIGIT (relevant in intra 
ocular melanoma as an escape from the immune system) may have relevance in the conjunctiva, but 
this is currently unknown. 

HLA expression is common in CoM, and as expected by its role in interaction with immune 
cells, has a relation with favourable traits. Downregulation may limit the efficacy of T cell-based 
therapies, while upregulation may enhance the susceptibility to immunological clearance. Screening 
for HLA expression, or the presence of specific alleles, may become part of patient workup prior to 
immunotherapy in CoM. 

Like cutaneous melanoma, CoM is known to frequently express PD-L1. The prognostic and 
predictive value is limited however, as in cutaneous melanoma even negative lesions could respond 
to anti-PD-L1 therapy. It is a promising target for therapy, possibly in combination with other 
treatments such as photodynamic therapy or radiotherapy.

5. TARGETED THERAPY AND CHECKPOING INHIBITOR 
THERAPY IN COM 

Current therapy of localised and metastatic CoM 

Tumour location and extent are currently the main determinants for therapy in CoM. Localised 
disease is commonly treated by surgical excision using a ‘no touch technique’ and adjuvant 
therapy.11 Adjuvant therapy includes cryotherapy (with a “double freeze-thaw” technique267), 
topical chemotherapy (such as mitomycin-c drops268 or interferon-alfa269), and / or radiotherapy. 
For radiotherapy several techniques exist of external radiotherapy or brachytherapy using plaque 
or handheld applicators).270,271 Treatment of palpebral lesions may be more complex, as this site is 
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more difficult to approach, and adjuvant brachytherapy can only be delivered via adapted ‘outward’ 
applicators.272 Widespread lesions require a more extensive approach, with extensive surgery, 
radiotherapy,273 and ultimately even orbital exenteration.11 

T﻿he approach to adjuvant therapy varies between institutions, as no data supports superiority of 
either, and availability differs.11,274,275 Most authors include cryotherapy to conjunctival margins 
by default, as part of the surgical procedure presented by Shields et al.;267 for corneal involvement, 
alcohol epitheliectomy is performed. Additional adjuvant therapy may be reserved for cases with 
incomplete resection, with concurrent PAM, or for recurrences, but others advise to use it for all.276 
Radiotherapy is well-accepted for incomplete margins, topical chemotherapy can be applied for 
concurrent (and widespread) PAM.13,275 

Importantly, patients have a better prognosis if initial treatment is delivered in a centre with expertise 
in ocular oncology (preventing delay and possible inappropriate or incomplete resection), calling 
for general ophthalmologists to swiftly refer patients with a suspicious conjunctival lesion.13,71 

CoM may disseminate to lymph nodes (regional) as well as systemic sites (distant). Most often 
dissemination involves the parotid (pre-auricular), cervical and submandibular lymph nodes, and 
the lungs, liver, brain and skin, respectively.12,277 In CoM, the lymph nodes are often believed to 
be the first site of metastasis; systemic metastases may develop independently as well.13,277 While 
lymph metastases are important in CoM and cutaneous melanoma, this differs from UM since the 
uvea lacks lymphatic drainage. The sentinel lymph node biopsy (SLNB) is a technique to detect 
micro-metastases in the first node(s) that are theoretically reached by disseminating tumour cells. 
If detected, adjuvant therapy can be administered, and a lymphadenectomy can be performed, 
preventing further spread.278 There is debate on the position of SLNB in CoM management,279 
however with new therapeutic options for metastatic disease, the clinical relevance is rising and the 
SLNB is performed more frequently.

There is currently no standard therapy for metastatic CoM.280 Most often, guidelines from cutaneous 
melanoma are followed, e.g. as presented in the European guideline for melanoma.281 In patients 
with few metastases, or those at specific accessible locations, selective surgical metastatectomy or 
radiotherapy can be applied. In widely disseminated disease, systemic agents are required. Up till a 
few years ago, cytotoxic chemotherapy was the only available option, which was associated with poor 
response rates and survival benefit. In the management of cutaneous melanoma, newly-developed 
immunotherapy and targeted therapy (as will be discussed later on) have substituted these agents as 
first line therapy, leaving conventional chemotherapy as a last-resort option after failure, or in those 
cases where (more expensive) other treatments are not available.
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Targeted therapy in CoM

‘Targeted therapy’ or ‘small molecule inhibitors’ involves drugs that target genetic mutations and 
(upregulated) pathways that are related to malignancies, and that are absent in healthy tissues. It has 
been suggested to use cutaneous melanoma therapies for CoM. 

Since 2013, the use of targeted therapies has been reported for a small number of CoM. We are not 
aware of clinical trials or large cohorts that are formally studying these drugs in CoM, and therefore 
resort to small series, single case reports and preliminary in vitro work. The aim for systemic targeted 
therapy in CoM is mainly 1) to treat widespread local disease, that is too large for excision, or as an 
alternative for orbital exenteration, or 2) to treat regional and distant metastases.

In this section, we will discuss patient-related outcomes of several MAPK-pathway-inhibitors 
in CoM, and present several new drugs with a suggested potential based on preclinical work or 
similarities to cutaneous melanoma.

BRAF and MEK inhibitors
The MAPK pathway can be inhibited by drugs targeting BRAF and MEK. Inhibitors of BRAF are 
the most well-established targeted therapy drug type in cutaneous melanoma (Table 7). First reports 
on single-agent therapy demonstrated survival benefit for vemurafenib (trade name: Zelboraf, 
Hoffmann-La Roche283) versus dacarbazine chemotherapy in metastatic disease in previously 
untreated cutaneous melanoma patients with a BRAF V600E mutation.19 Later, other inhibitors 
were introduced as well (i.e. dabrafenib (trade name: Tafinlar, Novartis282), and recently encorafenib 
(trade name: Braftovi, Array Biopharma284). 

Table 7. BRAF and MEK inhibitors.

Generic name Brand name Dosing and route* FDA reference

BRAF inhibitors dabrafenib Tafinlar 150 mg, twice daily oral FDA, 2013.282

vemurafenib Zelboraf 960 mg, twice daily oral FDA, 2011.283

encorafenib Braftovi 450 mg, once daily oral** FDA, 2018.284

MEK inhibitors trametinib Mekinist 2 mg, once daily oral FDA, 2013.285

cobimetinib Cotellic 60 mg, once daily oral FDA, 2020.286

binimetinib Mektovi 45 mg, twice daily oral** FDA, 2018.287

Abbreviations: FDA, Food and Drug Administration.
* Dosing as indicated for (metastatic) melanoma, for other indications please read product information.
** Encorafenib and binimetinib are indicated for combined use.
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A common issue with BRAF inhibition is the development of treatment resistance, that often occurs 
within a year. This can be due to several mechanisms such as upregulation of NRAS,288 NF1,289 
or ERK,290 and downregulation of PTEN;291 it has recently been linked to upregulation of other 
pathways such as YAP1292,293 and even PD-L1,294 providing escape from immune cells. Combining 
BRAF and MEK inhibition is a solution to overcome this resistance, and combination therapy 
demonstrated prolonged survival over BRAF monotherapy in cutaneous melanoma: vemurafenib 
(BRAF inhibitor) and cobimetinib (MEK inhibitor; trade name: Cotellic, Genentech286) were 
superior versus vemurafenib alone.295 A similar result was reported when dabrafenib (BRAF 
inhibitor) and trametinib (MEK inhibitor; trade name: Mekinist, Novartis285) were combined 
versus dabrafenib alone296 or versus vemurafenib alone297. Recently, binimetinib (trade name: 
Mektovi, Array Biopharma287) has been introduced as well.

While clinical outcomes regarding BRAF and MEK inhibition in CoM have been reported [section 
5.2.2.], preclinical work continues to optimize treatment by e.g. analysing combined pathway 
inhibition. In vitro work on three CoM cell lines by Cao et al tested the mutation-specific effect of 
two BRAF inhibitors and a MEK inhibitor.121 The two BRAF inhibitors (vemurafenib and dabrafenib) 
inhibited growth of cell lines CRMM1 and CM2005 (both harbouring a BRAF mutation) although 
not with the same sensitivity. This could not be explained by PTEN loss (which was not found in 
any of the cell lines). Both drugs caused paradoxical activation of the MAPK pathway in a third cell 
line, CRMM2 (with an NRAS mutation, no BRAF mutation); an effect that was later confirmed 
by El Zaoui et al.123 Cao et al showed that MEK inhibition had an inhibitory effect on all three cell 
lines, and that combined inhibition of MEK and AKT even showed synergistic effects.121

Reported cases of targeted therapy in CoM.
BRAF and MEK inhibitors are (similar to the situation in cutaneous melanoma) the most well-
studied small molecule inhibitors in CoM. We have been able to find the reports on seven CoM 
patients who received treatment with a BRAF inhibitor (Table 8). It is likely that more patients 
have been treated, however, but not reported. In one case, treatment of the conjunctival lesion 
was the sole aim, in a patient who was free of lymph- or distant metastases.298 This patient had a 
recurrence of CoM that would otherwise have been treated with orbital exenteration. There was 
a good response to vemurafenib, with tumour decrease and a stable situation for 3 years. The six 
other reported patients with targeted therapy had metastatic disease. As a response to the landmark 
paper by Griewank et al on the prevalence of BRAF mutations in CoM,17 Weber et al. noticed 
that a patient with a BRAF V600E mutation and several distant metastases, developed only a mild 
response to vemurafenib monotherapy (with progression after 2 months).299 They suggested that 
BRAF inhibitors may not be successful in CoM as in cutaneous melanoma, possibly due to frequent 
PTEN loss in CoM, which may have contributed to treatment resistance. Griewank replied by 
reporting a patient who was treated with dabrafenib for metastases and who had a partial response 
with a significant 62% tumour reduction; this patient, however, developed new lesions after 6 
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months.300 A similar case was reported by Maleka et al.: a patient with metastatic CoM was treated 
with vemurafenib, and initially had a good response with metastases reduction; however, after 4 
months, re-appearance of lesions occurred, with death shortly thereafter.301 Notably, this patient had 
been treated with several other therapies, including a gene trial with AdCD40L, cyclophosphamide 
and radiotherapy for brain metastases, questioning the role of each individual therapy to the overall 
response. A promising report was delivered by Pinto Torres et al. on a CoM patient with metastatic 
lesions who received vemurafenib and had a complete response during the 3 years of follow up.302

Similar to what is seen in cutaneous melanoma, BRAF inhibitors have been combined with MEK 
inhibitors to overcome the issue of resistance in CoM. Two cases of treatment for lymph node 
metastases have been reported; however, there are limitations to the interpretation. One patient 
received dabrafenib and trametinib with a good response, being alive 1 year later.303 Though 
promising, a longer follow up time would be preferred to assess the effect of the combination therapy. 
The other patient received dabrafenib and trametinib, with good response, but needed a switch to 
vemurafenib monotherapy after 1.5 months due to the development of adverse events (i.e. nausea 
and vomiting).304 Progressive disease then caused a further switch to pembrolizumab (an immune 
checkpoint inhibitor), and vemurafenib again. Addition of cobimetinib to the vemurafenib was 
required to obtain a good response. Though this case resulted eventually in disease control, therapy 
was complex and adverse events were a major issue.
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Adverse events following BRAF/MEK inhibitors
Adverse events (AE) following targeted therapy proved common in cutaneous melanoma patients, 
with the occurrence of any AE in over 90% of all patients following BRAF inhibitors or combined 
BRAF/MEK inhibitor treatment (Table 9).296 

AEs of BRAF inhibition in cutaneous melanoma patients were most commonly arthralgia, rash, 
photosensitivity, alopecia, fatigue, or diarrhoea.19,20,296 AEs are comparable between vemurafenib 
and dabrafenib monotherapy, but some differences are observed, as photosensitivity is seen more 
often with vemurafenib but pyrexia and chills are more common with dabrafenib. Addition of a 
MEK inhibitor to a BRAF inhibitor slightly alters the AE profile. Most AEs occur more frequently 
following combination therapy. 

A noticeable AE that raised concern following introduction of vemurafenib was the development 
of cutaneous squamous cell carcinoma (SCC).19 The proposed mechanism is that BRAF inhibitors 
accelerate the progression of subclinical cancerous lesions; addition of a MEK inhibitor reduces this 
effect, resulting in the observation that patients with combined BRAF/MEK inhibitor treatment 
less often develop SCC than those on BRAF inhibitor alone. 

The management of most adverse events requires dose reduction or switch to another drug type, 
however, in advanced grades additional topical or systemic therapy is needed.305

An ocular complication that may occur following BRAF/MEK inhibition is serous retinopathy 
(including edema and retinal detachment). This has been reported in 4% of vemurafenib, and 27% 
of vemurafenib + cobimetinib combination patients.20 

The observed AEs in the sparse reports of targeted therapy in CoM are in line with the earlier 
reports on cutaneous melanoma. Development of rash urged a vemurafenib dose reduction in one 
patient,301 and development of arthralgia, diarrhoea, and rash caused vemurafenib dose reduction in 
another.302 One patient who was on dabrafenib plus trametinib developed nausea and vomiting that 
urged a switch to another drug.304 Of note, since similar dosing schemes of targeted therapy are used 
for CoM as well for cutaneous melanoma, similar adverse events would be expected.
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Table 9. Occurrence of most common adverse events (AE) following targeted therapy in cutaneous melanoma 
patients. (Note: less-frequently occurring AEs were omitted in this table, see the original reports for full details)

Vemurafenib*
Vemurafenib + 
Cobimetinib* Dabrafenib**

Dabrafenib + 
Trametinib**

Any 
grade 
(%)

≥ 3
(%)

Any 
grade
(%)

≥ 3
(%)

Any 
grade
(%)

≥ 3
(%)

Any 
grade
(%)

≥ 3
(%)

Any AE 96 34 95 32

Diarrhea 33 1 61 7 14 1 24 1

Fatigue 33 3 37 5 35 1 35 2

Rash 68 16 73 17 22 1 23 0

Nausea 26 1 43 1 26 1 30 0

Vomiting 14 1 20 1

Arthralgia 42 5 38 3 27 0 24 1

Pyrexia 24 0 29 1 28 2 51 6

Alopecia 33 1 17 1 26 0 7 0

Headache 29 1 30 1

Cutaneous SCC 13 13 4 4 9 4 # 2 2 #

Keratoacanthoma 9 9 2 1

Abbreviations: AE, Adverse event. SCC, squamous cell carcinoma.
*Phase III trial, study group vemurafenib n=246, cobimetinib+vemurafenib n=247.20

**Phase III trial, study group dabrafenib n=211, dabrafenib+trametinib n=209.296

#SCC and keratoacanthoma combined.

Preclinical targets
Apart from the relatively well-established BRAF and MEK inhibitors that have been implemented 
already on a small scale in the treatment of CoM, several newer drugs can be suggested for CoM, 
based on small scale patient-related studies from cutaneous melanoma, and preclinical assessment 
using CoM models. Development of these drugs is important to overcome the issue of treatment 
resistance, and to properly target all tumours regardless of their mutational background. 

Preclinical assessment of drugs is often performed using cell lines. To our knowledge, only a few 
CoM cell lines exist, harbouring either a BRAF or NRAS mutation (Table 10). To examine the 
potential efficacy of drugs in the full range of CoM, it would be interesting to develop cell lines 
with various combinations of BRAF/NRAS and other mutations such as PTEN, NF1, and TERT.
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Table 10. Conjunctival melanoma cell lines.

Cell line BRAF mutation NRAS mutation Other mutations Reference

CRMM1 V600E WT Nareyeck, 2005.306

CRMM2 WT Q61L Nareyeck, 2005.306

CM2005.1 V600E WT Keijser, 2007.307

T1527A G466E WT HRAS Q61R El Zaoui, 2019.123

Abbreviations: WT, wildtype.

c-KIT inhibition
KIT inhibition is currently best known for the treatment of gastrointestinal stromal tumours 
(GIST) using imatinib. In GIST, about 75% of lesions harbour a KIT mutation, explaining the 
sensitivity to this drug.308 The c-KIT inhibitor imatinib showed a response rate of 16 to 29% 
in phase II studies of metastatic (cutaneous) melanoma harbouring KIT alterations.309-311 The 
alteration type is very relevant, as metastatic patients with a KIT mutation showed a response rate 
of 54%, while those with KIT amplification showed a response rate of 0%.311 Since KIT mutations 
are rare in CoM, imatinib (or other drugs with KIT inhibitory effects, such as sunitinib, dasatinib 
and nilotinib that are currently all in phase 2 studies in melanoma)114 will likely not be suitable for 
large scale use in CoM. With proper screening for mutation status, however, they can be part of a 
successful personalized treatment.

ERK1/2 inhibition
ERK (consisting of the kinases ERK1 and ERK2) is a distal actor in the MAPK pathway (Figure 
6). Reactivation can be seen with resistance of upstream MAPK inhibition, and as such it is an 
important target to overcome BRAF-inhibitor resistance.290 ERK1/2 can be inhibited by ulixertinib 
(BVD-523), a drug that showed potential in preclinical melanoma models,312 and that showed an 
acceptable safety profile and evidence of activity in solid tumours including melanoma in a phase I 
study.313 In that work, 9/19 patients with BRAF-mutated melanoma had a partial response (PR) or 
stable disease following failed BRAF inhibition; 9/17 patients with NRAS-mutated melanoma had 
PR or stable disease as well. To our knowledge, ulixertinib has not yet been evaluated in CoM. It is 
promising however that both BRAF and NRAS mutated lesions seem to be responding, suggesting 
a role as rescue medication.

PI3K/AKT/mTOR
The PI3K/AKT/mTOR pathway has an important role in melanoma, acting alongside MAPK 
(Figure 6). Targeting can be of specific use in BRAF-WT or BRAF-inhibitor-resistant melanoma. 
The therapeutic potential follows increased activity in CoM compared to conjunctival nevi,123 and 
also in CoM compared to UM.148 
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Cell proliferation of three CoM cell lines (harbouring either a BRAF or NRAS mutation) could 
be inhibited by AKT inhibition using MK2206.121 Using cell lines, the most promising effect was 
obtained by combining MK2206 (AKT inhibitor) with MEK162 (MEK inhibitor), that caused a 
stronger cell cycle arrest compared to single-agent treatment.

Another study using the same cell lines found that the PI3K inhibitor pictilisib was more effective 
than the dual PI3K/mTOR inhibitor dactolisib.123 The genetic background of the cell lines was 
important however: both pictilisib and dactolisib were active against CRMM1 (BRAF mutation), 
pictilisib alone was effective against CRMM2 (NRAS mutation), and none were effective against 
T1527A, a cell line lacking BRAF V600E and NRAS mutations (Table 10).

The results from CoM are in line with earlier reports on cutaneous melanoma cell lines: in NRAS-
mutated cell lines, cells were more sensitive to MEK inhibition than to PI3K/mTOR inhibition 
alone, but combined inhibition was superior.314 However, there are some troublesome reports 
of PI3K/AKT inhibition in melanoma patients: trametinib (MEK inhibitor) and GSK2141795 
(AKT inhibitor) combined had no response in 10 NRAS-mutated and 10 BRAF-WT + NRAS-WT 
melanoma (including 3 UM) and therapy was not well tolerated.315

TERT
The abundance of TERT mutations in CoM poses an opportunity for treatment. Reverse 
transcriptase inhibitors, e.g. azidothymidine, can target TERT mutated tumours by targeting 
reverse transcriptase activity.316 Other approaches include a telomerase inhibitor, such as Imetelstat 
(GRN163L).115 These drugs have not been studied in CoM however, but show promising results in 
vitro and in early stage patient studies of several cancers.

EZH2
Epigenetics concern processes that alter gene expression and regulation, without involving changes 
in the DNA sequence itself. The polycomb repressive complex 2 (PRC2) is involved in many of these 
epigenetic processes, with the ‘enhancer of zeste homolog 2’ (EZH2) as a core subunit of PRC2, 
that is overexpressed in several cancers.317 EZH2 causes silencing of (tumour suppressor) genes, and 
is frequently overexpressed in cutaneous melanoma, but not in cutaneous nevi, indicating a role in 
tumour progression with potential as a therapeutic target.318

Cao et al. found that EZH2 is not expressed on melanocytes of normal conjunctiva or PAM, but 
was expressed in 13/26 CoM lesions and 7/8 lymph node metastases.319 Just as in skin lesions, this 
implies a role for EZH2 in malignant transformation. EZH2 expression in CoM was significantly 
related to older age, larger tumour thickness and worse overall survival. Using two EZH2 inhibitors, 
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GSK503 and UNC1999, cell growth of three CoM cell lines (CRMM1, CRMM2 and CM2005.1) 
as well as tumour growth in a zebrafish model could be repressed. While, as far as we know, EZH2 
inhibition has not been studied in CoM patients, there may be a potential therapeutic benefit.

Checkpoint inhibitor therapy in CoM

Checkpoint inhibitors
The first approved checkpoint inhibitor for advanced cutaneous melanoma was ipilimumab, 
a monoclonal antibody against CTLA4 (Yervoy, Bristol-Myers Squibb) (Table 11). Ipilimumab 
showed improved survival compared to treatment with gp100 in unresectable stage III or IV 
cutaneous melanoma patients (overall survival 10.1 months versus 6.4 months).22 Ipilimumab, 
combined with dacarbazine chemotherapy, also provided a significantly longer overall survival 
compared to dacarbazine with placebo (overall survival 11.2 months versus 9.1 months).320 In 
2014, two new drugs targeting PD1 were introduced: nivolumab (Opdivo, Bristol-Myers Squibb) 
and pembrolizumab (Keytruda, Merck Sharp & Dohme).

Pembrolizumab (administered at both two or three week intervals) gave a better survival compared 
to ipilimumab, with a 6-month PFS of approximately 47% for pembrolizumab, and 27% for 
ipilimumab.197 In advanced cutaneous melanoma patients, who had progressed after ipilimumab or 
ipilimumab plus a BRAF-inhibitor, nivolumab demonstrated a better response than chemotherapy 
(32% versus 11%).321 Nivolumab had also a better overall survival and progression-free survival than 
dacarbazine in untreated advanced melanoma patients lacking a BRAF mutation; with nivolumab, 
the 1-year overall survival went from 42.1 to 72.9%, the median progression-free survival from 2.2 
months to 5.1 months.23 

Since CTLA4 and PD-1 act on T cells via different mechanisms (Figure 8), there is a rationale to 
combine blockade therapy. Indeed, combining nivolumab and ipilimumab led to better survival 
(progression-free survival of 11.5 months) than either of the therapies alone (6.9 months for 
nivolumab, 2.9 months for ipilimumab) in advanced cutaneous melanoma patients.253

Checkpoint inhibitors have been used to treat a limited number of patients with locally advanced or 
metastatic CoM. In the absence of formal trials, the current literature consists of single-case reports 
and small case-series (Table 12). First treatments were administered around 2013,26,322 but the first 
reports on checkpoint inhibitors in CoM appeared in the literature from 2017 onwards.302,323,324 
The use of checkpoint inhibitors in CoM follows the same basic principles and similar dosing 
schemes as in locally-advanced or metastatic cutaneous melanoma, as described in the FDA 
reports on ipilimumab (trade name: Yervoy),325 pembrolizumab (trade name: Keytruda),326 and 
nivolumab (trade name: Opdivo).327 Drugs targeting PD-1 (pembrolizumab, nivolumab) as well as 
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drugs targeting CTLA4 (ipilimumab) have been used in CoM, as single-agent as well as in various 
combinations. Due to different aims of therapy, the findings for patients who were treated for a 
primary CoM or for metastatic disease, will be discussed separately.

Table 11. Checkpoint inhibitors.

Generic name Brand name Dosing and route* FDA reference

Anti-CTLA4 ipilimumab Yervoy 3 mg/kg iv, every 3 weeks FDA, 2020.325

Anti-PD-1 nivolumab Opdivo 240 mg iv, every 2 weeks 
(or 480 mg every 4 weeks)

FDA, 2020.327

pembrolizumab Keytruda 200 mg iv, every 3 weeks FDA, 2020.326

Abbreviation: FDA, Food and Drug Administration; iv, intravenously. 
*dosing as indicated for (metastatic) melanoma, for other indications please read product information.

Primary CoM
In several cases, immune checkpoint inhibitors have been used as treatment for primary CoM 
(Table 12, cases 1-5). In four cases, immunotherapy was offered as alternative to orbital exenteration 
for patients who refused eye-removing therapy; in one case, treatment was for an extensive lesion 
with an insufficient response to prior local therapy. 

The first reported patient (M, 60) received pembrolizumab single-agent therapy and had an 
immediate good response, with flattening of a nodular recurrence at 6 months.323 A similar 
favourable response to pembrolizumab single therapy was seen for an extensive in-situ lesion (F, 
53).27

The third patient (F, 94), reported initial progression with pembrolizumab single-agent therapy, but 
had a partial response with pembrolizumab + ipilimumab combination therapy. This patient died 5 
months later from an unrelated cause.322

In two patients, a successful response was reported for the third attempted scheme of therapy, 
which included addition of topical IFN-alfa. One of these patients (M, 76) had no response to 
ipilimumab single-agent therapy, a minimal response to pembrolizumab single-agent therapy, but 
a complete response following pembrolizumab + topical IFN-alfa drops.322 The second patient 
(F, 84) had minimal success after pembrolizumab single-agent therapy, showed progression with 
pembrolizumab + ipilimumab, but stable disease with pembrolizumab + ipilimumab + IFN-alfa 
topical treatment.322

Finger noted that local IFN-alfa seemed to synergize the effect of PD-L1 inhibition.322 IFN-alfa 
on itself has been used longer to treat malignancies (with a small survival benefit in cutaneous 
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melanoma patients),328 and also ocular malignancies, including ocular surface squamous neoplasia 
(OSSN)329,330 and CoM331,332. IFN-alfa is known to stimulate immune reactions, with upregulation 
of HLA molecules, promotion of NK cell activity and activation of CD8+ T cells, making it a 
candidate for co-treatment with anti-PD-1 and anti-CTLA4 in cancer.333-335 In a one-armed phase 
1b/2 study on pegylated-IFN-alfa and pembrolizumab in 43 mucosal and cutaneous melanoma, 
an improved response rate compared to the expected rate was found for pembrolizumab alone;336 
however, this study needs further evaluation. As Cao showed, PD-L1 and PD1 could be upregulated 
on CoM cell lines through IFN-gamma.200 It may well be that the same happens under the influence 
of IFN-alfa, providing a good target for checkpoint inhibition.

Metastatic CoM
In twelve reported cases, immunotherapy has been administered to CoM patients with metastatic 
disease (Table 12, cases 6-17). Eight patients had systemic metastases, one patient had regional 
(lymph node) metastases, and three patients had both. In three patients, treatment of metastases as 
well as local tumour control was attempted at the same time.

Five CoM patients received nivolumab single-agent treatment.26,337 All had a good response, 
although in one case (M, 71; systemic metastases; BRAF V600E mutated) this treatment was 
supplemented with dabrafenib, trametinib and radiotherapy, hampering the conclusions on the 
individual effect of nivolumab.337 One patient, with systemic and lymph node metastases, received 
pembrolizumab single-agent therapy, with a near to complete resolution.302 Another patient, with 
multifocal CoM and lymph node metastases, received ipilimumab as a single therapy [after tumour 
debulking and brachytherapy, and lymph node dissection] and had excellent local control and no 
new lymphatic or systemic metastases.338

Four patients received more than one type of checkpoint inhibitor.26,27,322,339 One patient, with 
systemic and lymph node metastases, received both ipilimumab and nivolumab. There was a 
reduction of the systemic tumour burden, and the patient survived at least 3 years.322 

In three patients, there was a switch to other drugs due to treatment failure, or development of 
adverse events. In the first patient with systemic metastases, ipilimumab + nivolumab combination 
therapy induced hepatitis, causing a switch to nivolumab alone. This treatment with nivolumab, 
however, induced an infusion reaction, necessitating a switch to pembrolizumab, which was 
followed by a favourable response with stable disease for 2 years.339 Interestingly, the response to 
this anti-PD-1 drug was favourable, while PD-L1 expression of the primary CoM was negative.

The second patient, who initially had stable disease for 6 months with pembrolizumab, eventually 
showed progression. Ipilimumab (with dacarbazine) caused a partial response, but had to be 
discontinued due to the development of hepatotoxicity.26
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In the third patient, who was initially treated with ipilimumab single-agent therapy, a new lymph 
node metastasis developed. After another round of ipilimumab, the patient later developed skin 
metastases. A third treatment with pembrolizumab was started, and no new developments were 
reported in the 2 years thereafter.322

Discussing the cases on checkpoint inhibitor therapy in CoM
All of the 17 currently-reported cases (both with primary as well as metastatic CoM) eventually 
developed a favourable response to checkpoint inhibition. Unfortunately, little is known about 
the reasons for initial treatment failure in some of the cases. In only one patient, the PD-L1 status 
of the tumour was known, which was negative, and this patient experienced a good response to 
PD-1 blockade.339 More studies into the patient characteristics are needed to learn about these 
mechanisms and the predictive value of checkpoint expression. With the small numbers, and 
various different treatment regimens, it is impossible to conclude on the superiority of any of the 
checkpoint inhibitors in CoM. It may be expected however, as in cutaneous melanoma, that PD-1 
blockade is more effective than blockade of CTLA4, and that a combined blockade of PD-1 and 
CTLA4 may yield even better results.253,256

While the current reports are promising, it may be that other (unsuccessful) cases did not end up in 
the literature, skewing the results for CoM to a favourable outcome. We concur with the statement 
of Sagiv et al. of the group of Dr. Esmaeli that “our observations are so far cautiously optimistic”.26 
Immunotherapy can be considered promising for CoM patients who need additional treatment to 
local therapy, or who develop metastatic disease, and is well-justified in those needy cases.

Adverse events following checkpoint inhibitor therapy
Checkpoint inhibitors allow T cells to respond against tumour cells, but can equally cause an 
increased T cell-response against normal tissues. These unwanted events are known as immune-
related adverse effects (irAEs) and can be severe. Part of the pathophysiology can be an increased 
number of activated CD4+ and CD8+ T cells, as was detected in peripheral blood of cutaneous 
melanoma patients following ipilimumab treatment.340
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Adverse events due to checkpoint inhibitors can affect any organ, but commonly are directed against 
the skin (pruritus, rash) or gastrointestinal system (diarrhea, colitis), and less frequently the liver 
or endocrine system (including general fatigue).22,197,256,321,341 The profile and frequency of irAEs is 
similar for nivolumab and pembrolizumab (both being anti-PD-1 drugs), while somewhat more 
common in ipilimumab (as an anti-CTLA4 drug), particularly when combined with nivolumab.341 
Grade 1-2 adverse events of diarrhea, fatigue, pruritus and rash have each been reported in about 20-
40% of patients receiving checkpoint inhibition, demonstrating their relatively common occurrence 
(Table 13). Adverse events of grade 3 or higher were reported in 10% of pembrolizumab-treated 
patients, 22% of nivolumab, 28% of ipilimumab, and 59% of nivolumab + ipilimumab treated 
cases with cutaneous melanoma.197,256

Some of the adverse events resemble manifestations of auto-immune disease. Checkpoint inhibitors 
were reported to cause a decrease in pigmentation of the skin (i.e. vitiligo)342 and even of choroidal 
nevi in the fundus.343

Table 13. Occurrence of most common adverse events (AE) following immunotherapy in (cutaneous) melanoma.

Nivolumab* Ipilimumab* Nivo+Ipi* Pembrolizumab**

Any 1-2 grade AE 64 % 58 % 37 % 63 %

Any 3-4 grade AE 22 % 28 % 59 % 10 %***

Grade 1-2 / 3-4 Grade 1-2 / 3-4 Grade 1-2 / 3-4 Any grade / 3-5

Diarrhea 19 % / 3 % 28 % / 6 % 36 % / 9 % 14 % / 1.1 %

Fatigue 36 %/ 1 % 28 % / 1 % 34 % / 4 % 19 % / 0.4 %

Pruritus 22 %/ <1 % 36 % / <1 % 34 % / 2 % 14 % / 0 %

Rash 23 %/ <1 % 21 % / 2 % 27 % / 3 % 13 % / 0 %

Nausea 13 %/ 0 % 16 % / 1 % 26 % / 2 % 11 % / 0.4 %

Abbreviations: AE, adverse event.
*Phase III trial, CheckMate 067 report. Study group nivolumab n=316, ipilimumab n=315, nivo+ipi n=314; Hodi et 
al.,2018.256

**Phase III trial, KEYNOTE 006 report (with an every 3-week dosing scheme). Study group pembrolizumab n=277;Robert 
et al., 2015.197

***Any grade 3-5 adverse event.

As there is only a limited number of reports on checkpoint inhibition in CoM, there are very 
few reports on AE’s in these patients (Table 12). In 6 out of 17 reports, no AE’s were reported at 
all. In the CoM patients who did develop AE’s, similar events were noted as in patients receiving 
immunotherapy for cutaneous melanoma.197,256 For ipilimumab single-agent therapy, adrenal 
insufficiency,322 hepatotoxicity,26 and fatigue338 have been reported. With nivolumab single-agent 
therapy, elevated liver enzymes,26 diarrhoea,26 colitis,26 and an infusion reaction339 have been 
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reported. Pembrolizumab single agent therapy may have been the best-tolerated drug, with only 
one out of 8 patients reporting dermatitis.322 The combination of ipilimumab + nivolumab led to 
hepatotoxicity, colitis and pneumonitis,322 and pituitary failure.27 The development of reported AE’s 
in CoM patients required discontinuation of therapy, switch to another type of immunotherapy, or 
additional specific treatments, e.g. with corticosteroids or antihistamines.

Of specific note are the ‘ocular irAEs’, i.e. adverse events in the ocular region after checkpoint 
inhibitor treatment for melanoma at any site. Such ocular irAEs have been reported after anti-
CTLA4 treatment in 1.3% of patients344 and after anti-PD1 treatment in 1.6% of patients345. 
Ocular irAEs mostly include uveitis, orbital inflammation, dry eyes, and blurred vision,344-346 as 
recently reviewed by Dalvin et al., 2018.347 Rare events include Vogt-Koyanagi-Harada (VKH) 
syndrome with serous retinal detachment,348 or ocular rosacea.349 Most ocular irAEs can be treated 
with topical corticosteroids, and only rarely systemic therapy is required.350 Notably, immune 
checkpoint inhibition may be associated with site-specific metastases, as remarkable cases of vitreous 
metastases of cutaneous melanoma were reported.351,352 Not only ocular oncologists, but also general 
ophthalmologists should be aware of these events as immunotherapy is increasingly being applied, 
and it becomes more common for these irAEs to present in an ophthalmological practice.

Conclusions (Targeted therapy and checkpoint inhibitor therapy in CoM)

Conventional therapy of localised CoM relies on surgical excision with adjuvant therapy including 
cryotherapy, topical chemotherapy and / or radiotherapy. Treatment of extensive disease can be 
more complex, depending on individual cases. Treatment options for disseminated disease are very 
limited, and no consensus exists on the optimal approach. It is mainly in extensive and disseminated 
disease that new therapies are urgently needed. Targeted therapy and immunotherapy have been 
recently introduced successfully for the treatment of (advanced) cutaneous melanoma, and these 
therapies can be beneficial to CoM patients as well. Inhibitors of BRAF and MEK act in CoM due 
to the presence of BRAF mutations and activation of the MAPK pathway; a notable benefit is seen 
in the combination of these two drugs. 

Several new targets for therapy are under investigation in CoM, e.g. c-KIT, ERK1/2, PI3K/AKT/
mTOR, TERT and EZH2. While the value of such targeted therapies has yet to be determined, 
these may perhaps not be a cure for all, but should be seen as part of a personalized approach after 
genetic screening. This can e.g. be beneficial for patients with no BRAF mutation (limiting response 
to current BRAF inhibitors) or when a (rare) KIT mutation is present.

Checkpoint inhibitors emphasize similarities in the tumour micro-environment of CoM and that 
of cutaneous melanoma, while differing greatly from UM. Promising results from anti-CTLA4 and 
anti-PD-1/PD-L1 antibodies in small series of CoM show that these have a first-line position in 
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metastatic disease. While testing for expression of checkpoint molecules such as PD-1/PD-L1 could 
theoretically add to a personalized approach, current predictive values for treatment response are 
limited and we urge that negative-expressing patients are not excluded. 

A secondary effect of the introduction of aforementioned therapies is the renewed interest in the 
SLNB in CoM. Findings of SLNB can now be followed by a curative intent, and early detection of 
metastases may improve the benefit of new treatments.

While results of both targeted and checkpoint inhibitor therapy are promising, clinicians should be 
aware of the specific adverse events and not forget that these can include all organ tracts and can be 
severe. As in any clinical approach, this should be weighted in the decision for certain treatment. 

6. FUTURE DIRECTIONS AND CONCLUSIONS

Future directions

Recent developments in cancer research show that tumour genetics and immunology are promising 
fields that not only lead to a better understanding of CoM, but also provide new targets for therapy. 
Future projects are numerous, and illustrate that genetics and immunology are intertwined. A 
recurrent theme for CoM is to translate knowledge from studies on more abundant cutaneous 
melanoma. While this may be beneficial to the treatment of CoM (as a rare disease), it should be 
stressed however that the eye has several unique features and that conjunctiva-specific characteristics 
must not be overlooked.

Important new work is to further investigate the genetic background of CoM, and to evaluate 
the impact of genetics on tumour behaviour. This is facilitated by rapidly-developing sequencing 
techniques. Important questions that need answering are how to differentiate benign from 
malignant lesions, how to identify the most ominous lesions (with a risk for recurrence or metastasis, 
warranting extensive treatment and intensive follow-up) and how to select the most suitable therapy 
for individual patients. The mutational status (of genes such as BRAF, NRAS, and TERT) has 
proved to be important, and warrants studies into less common genes such as KIT. Chromosome 
status and expression of miRNA showed promising results to differentiate and prognosticate 
lesions, but require confirmation for further use. Genetics suggest that subgroups of CoM exist 
with distinct driver mutations and pathway activation.89 While this parallels the principles learned 
from cutaneous melanoma it is important to look for CoM-specific groups. Following up on the 
questions on the development of CoM, differences between e.g. sun-exposed and non-exposed 
lesions need further evaluation, as well as the role of precursor lesions, melanin pigments and the 
immune system in melanocyte transformation. 
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The clinical revolution of recent years was the introduction of targeted therapies (BRAF/MEK 
inhibitors) and checkpoint inhibitors (anti CTLA4/PD-L1) as treatment of locally-advanced 
or disseminated CoM. This parallels guidelines from cutaneous melanoma and is likely to be 
implemented even more as drugs become more available and clinicians learn about their use. A 
first question is to identify patients who may benefit most from these therapies, or reversely, to 
match a patient to the optimal therapy. Apart from earlier mentioned tumour genetics, immune 
parameters as expression of HLA and PD-L1, or presence of immune cells, should be evaluated 
as biomarkers for a therapeutic response. Current studies show that expression of theoretically-
important markers (such as PD-L1) is not a prerequisite for a therapeutic response, however, and 
that much is to be learned. A second question is how to overcome treatment resistance, which 
is unfortunately a common event in patients who respond well initially. We advocate to study 
combinations of BRAF inhibitors with not only MEK inhibitors, but also drugs targeting the AKT 
pathway, and possibly even YAP1.353 Furthermore, the combination of PD-1/PDL-1 and CTLA4 
inhibition should be studied. The addition of immune-stimulating agents such as IFN-alfa may be 
interesting as promising reports have emerged in the CoM literature; topical IFN-alfa drops are 
already used for topical treatment of malignant ocular surface disease, and are readily available. Even 
so, radiotherapy or photodynamic therapy may be added to immunotherapy as an enhancer of the 
immune system. This may facilitate use of aforementioned drugs in not only metastasized CoM 
patients, but also local disease.

In addition to earlier mentioned developments, several new drugs and druggable targets are under 
investigation in preclinical studies for CoM or in cutaneous melanoma. New drugs target cKIT, 
ERK1/2, PI3K-AKT, TERT, and EZH2. Some rely on specific (rare) mutations, suggesting that these 
are suitable for individualized therapy, or as last-resort, but with unknown value for the majority 
of patients. By the rarity of CoM it is not feasible to evaluate all of these targets in CoM itself, so 
data may need extrapolation from other tumour types. Screening in CoM models is warranted 
prior to introduction in clinical studies, however, to prevent the pursuit of inappropriate targets. 
The plethora of new drugs poses an additional question, however, to determine which combination 
of (targeted and immuno-) therapy is optimal, and whether simultaneous or sequential treatment 
should be applied.

For targeted therapy and checkpoint inhibitor therapy, evidence on their potential benefit is solid 
enough to advise inclusion of (metastatic) CoM patients in trials. The earlier-mentioned lack of 
proper biomarkers would argue for liberal inclusion criteria. The rarity of CoM calls for international 
collaboration to obtain sufficient numbers, and to include CoM patients in trials of cutaneous (and 
when applicable, mucosal) melanoma. A separate registry should be advised however, to prevent 
loss of CoM specific data.
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A concurrent development with the introduction of therapies for metastatic CoM, is the increased 
use of screening methods for (lymph node) metastases such as with the SLNB. There is debate 
on its position in CoM,279 but the SLNB is being implemented more frequently, and has been 
suggested as an addition to the current AJCC staging system for its prognostic value.14 It is likely 
that advanced staging becomes routine practice for CoM, in which not only tumours are better 
characterized, but (lymph node) metastases as well.

Conclusions

From an ophthalmological perspective, CoM is a remarkable melanoma: it is very different from 
the far more prevalent UM (often referred to as ‘ocular melanoma’), and much more resembles 
cutaneous and mucosal melanoma in its biology. The genetic background of CoM is characterized 
by mutations in BRAF, NRAS, NF1, and TERT and it has a complex karyotype with various 
aberrations. Genetic studies confirm that UV radiation contributes to CoM development, suggesting 
differences between sun-exposed and non-exposed conjunctiva, but little is yet known about the 
relation between clinical (tumour) characteristics and genetic profile. The relation between CoM 
and the tumour micro-environment is being unravelled, with a favourable role for the presence 
of immune cells and expression of HLA molecules, and an unfavourable role for expression of 
checkpoint molecules such as PD-L1. 

New therapies that became available for cutaneous melanoma in recent years, show promising results 
in CoM. Targeted therapy (such as BRAF and MEK inhibitors) and checkpoint inhibitors (such 
as anti-CTLA4 and anti-PDL1 drugs) are an extension to the toolbox of clinicians who currently 
rely on excision and topical adjuvant therapy for localized disease, while options for treatment of 
disseminated disease are limited. While the major advancement of new therapies may be in the 
treatment of metastatic CoM, new therapies can be used to prevent mutilating extensive surgery 
for advanced primary CoM as well. As a side effect, better staging and screening methods (such 
as with a SLNB) are gaining popularity, now that they can be followed by therapeutic measures. 
Treatment resistance remains a major issue of the new drugs, however, so the search continues 
for combinations of drugs targeting separate (parts of ) pathways. It is to be determined what the 
optimal sequence or combination of targeted and checkpoint inhibition should be. 

It is expected that genetic and immunologic typing becomes regular practice in the management 
of CoM, for prognostication, and identification of patients for specific therapies. We strongly 
advocate international collaborations to study this rare disease, and the inclusion of CoM patients 
in cutaneous melanoma trials, with proper registries to allow for a separate evaluation of data.
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