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General Introduction and Outline of Thesis

GENERAL INTRODUCTION

Ocular Melanoma

Melanoma is a malignancy of melanocytes. Since melanocytes are naturally present in the eye,
melanoma may develop as a primary ocular disease. Notable for ophthalmology, it is one of the few

conditions that is not only sight-threatening but also life-threatening.

The caption ‘ocular melanoma’ is commonly used as synonym for wwveal melanoma (UM), which
refers to the most prevalent kind of melanoma of the eye.! The uvea concerns the intraocular tissues
of the choroid, ciliary body and iris, all of which can harbour a primary melanoma. The word ‘uvea’
is derived from the Greek word for grape, following the appearance of the eye when the sclera (outer
layer) has been removed. Distinct from the uvea, melanoma may develop in the conjunctiva as well,
resulting in conjunctival melanoma (CoM). While UM and CoM both affect the eye, they differ
significantly in genetic background, behaviour, and the required therapeutic approach, as will be

discussed in this thesis.

The first reports of melanoma (of any origin) date back to the ancient Greeks, with presumably
Hippocrates of Cos in the 5" century BC describing dark skin lesions.? Around the 18" century
AD, reports on several melanoma patients emerged in the European literature. In 1806, Laennec
provided the first detailed presentation of skin melanoma, naming it ‘melanosis’.’ In 1838, the word
‘melanoma’ was first introduced by Carswell.* The famous physician Virchow provided a further
classification of melanocytic tumours in 1869.° The first report on the natural history of UM was
presented in the early 19" century by Scottish surgeons Wardrop and Burns, linking liver lesions to
a dark brown intraocular tumour in the same patient.®” Notably, this resulted from cadaveric work
as the invention of the ophthalmoscope by von Helmholtz in 1851 was a prerequisite for in vivo
work on intraocular UM.® Some debate exists on the first report of extraocular CoM,”!° but likely
this was presented by Travers in 1820."" Decades later in 1868, Stellwag von Carion identified the

pigment-loaded cells that constitute CoM."

In the roughly two centuries that passed since the first descriptions of UM and CoM, much has
been learned about melanoma as a disease. Ocular oncology has evolved into a fruitful field of study,
collaborating with other fields such as pathology, medical/radiation oncology, immunology, and
radiology. Technological advances in general medicine as well as in ophthalmology proper, lead to
better diagnostic procedures, staging, and therapeutic possibilities. Unfortunately, both CoM and

UM remain malicious diseases, requiring further studies for better patient care.

This chapter provides an introduction to extraocular CoM (Part 1) as well as intraocular UM (Part

II). At the end of the chapter, the aims and outline of the thesis will be discussed.
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Chapter 1

Part | - Conjunctival melanoma

Epidemiology

CoM is a rare ocular tumour that accounts for about 5% of all primary ocular melanoma.""* The
incidence ranges between 0.3 and 0.8 per million adults in Caucasians.'*!” It is the second most
prevalent malignancy of the conjunctiva, after squamous cell carcinoma (also known as ‘ocular
surface squamous neoplasia, OSSN’).'® CoM is typically a disease of people of Caucasian descent,"
but may occur in any race. The incidence has been rising in the last few decades, which possibly

relates to increased ultraviolet (UV)-radiation exposure.’

Pathophysiology

The conjunctiva is a mucous membrane that covers the bulbar surface of the eye and inner
parts of the eyelids, with melanocytes located in its basal layers. The number, characteristics,
and pigment production of melanocytes can vary, resulting in a range of melanocytic diseases.”
Benign melanocytic disease includes ‘hypermelanosis’, i.e. increased melanin production without
melanocyte alterations, ‘naevus’ with increased clusters of melanocytes without malignancy, and
‘primary acquired melanosis’ (PAM) with a range of melanocyte alterations. When melanocytic

rowth extends beyond the basement membrane into deeper tissues, a lesion is deemed a ‘melanoma’.
g %

CoM is thought to originate from PAM (in approximately 74%), from a nevus (in 7%) or de novo

(i.e. without a known precursor lesion, in 19%).*!

The genetic background of CoM resembles that of cutaneous melanoma. Mutations are seen in
BRAF, NRAS and TERT promotor genes, while mutations that are commonly seen in UM (such as
in GNAQ/11 and BAPI, as discussed in Part IT) are absent.”>** BRAF mutations activate the MAPK
pathway,** while VRAS mutations activate the MAPK and PI3K/AKT pathway,” both promoting

cell proliferation.

26

As in cutaneous melanoma,” the presence of inflammation in CoM appears to be favourable

for clinical outcome,?”?

suggesting that immune cells have a role in tumour surveillance in this
malignancy. However, the individual roles of the plethora of immune cell types and components

that can be identified in the tumour micro environment of CoM is not fully understood.

Clinical presentation

CoM typically presents as a thickened, pigmented lesion on the conjunctival surface, with notable
‘feeder’ or ‘sentinel vessels (Figure 1). There is a wide range of presentations, however, as any part of
the conjunctiva can be affected, with nodular or flat disease, and lesions can range from amelanotic

and pink to black. Some lesions are easily discovered; other lesions (with a pale appearance or

14



General Introduction and Outline of Thesis

located at the tarsal conjunctiva) are difficult to detect, causing delayed presentation. Often, CoM
is accompanied by a component of PAM, and as PAM may cause widespread pigmentation of the

eye, it may be difficult to delineate the exact border of infiltrative disease.

Figure 1. Clinical presentation of CoM. (A) Pigmented lesion near the limbus of the eye. (B) Mixed-pigmented

lesions near the limbus of the eye, with growth extending into the cornea. Notice the vessels approaching the lesion.
(C) Pigmented lesion at tarsal and forniceal conjunctiva. (D) Faint pigmentation at bulbar conjunctiva, which proved
to be CoM in an area of PAM with severe atypia.

Diagnosis

The diagnosis of CoM is based on histology. Tissue can be obtained via several techniques:
excisional biopsies are preferred over incisional biopsies, to prevent iatrogenic tumour spread.”
Imaging techniques are not commonly applied to differentiate lesions, but anterior segment OCT
or ultrasound investigation may be used to determine invasion into deeper ocular structures.® It is
difficult to properly image thick lesions or those located in the caruncular area or plica, however,
and improvements in spatial resolution and tissue penetrance will be needed before imaging can

play a larger role in the diagnostic process of conjunctival lesions.

Conjunctival melanomas are currently staged by the 8" ed TNM (tumour-node-metastasis)

classification, as presented by the American Joint Committee on Cancer (AJCC).*' This scoring
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Chapter 1

system has been validated by an international collaboration on CoM and proved to predict recurrences
and mortality.*> Currently, the most important parameters to predict clinical outcome are tumour
basal diameter, thickness, location on the eye (bulbar / non-bulbar) and local invasion;'”?'%% the
value of other parameters such as ulceration and necrosis is unclear. As expected with a multitude
of studies on small numbers, various studies have conflicting findings. A recent development is the
study of genetic markers (including gene mutations and miRINA expression) for prognostication,*

but this requires further confirmation.

Treatment

Localized CoM is preferably treated with surgical excision and adjuvant therapy (i.e. cryotherapy,
topical chemotherapy, and/or radiotherapy).”® In our institution, plaque brachytherapy is the
currently-preferred method for adjuvant radiation of bulbar lesions;* topical mitomycin-c can be
added if PAM is present as well.* Widespread lesions cannot be treated with such an approach,
and require extensive surgery (such as orbital exenteration)? or external radiotherapy®?. Treatment
options for metastatic disease are limited, and follow developments from cutaneous melanoma. Up
till a few years ago, this consisted of conventional systemic chemotherapy with unfortunately poor

43,44

results. Newly-introduced targeted therapy 45,46

and immunotherapy** are now used more often
in CoM, with promising results, as the genetic and immunologic profile of CoM and cutaneous

melanoma appear to be much alike.

Up to date, evidence for CoM therapy has been obtained by case-series and case reports. We do
not know of (reported) trials dedicated to CoM. Treatment strategies may therefore vary between
clinicians, and many topics (such as the use of adjuvant therapy, or sentinel lymph node biopsies®)

are under debate.

Outcome
Local recurrences of CoM are common: the 5-yr estimate is 36-45%, but the recurrence rate may
be as high as 61%.'*"7?! Recurrences may be derived from residual cells after earlier treatment, or

be new developments from precursor lesions such as PAM.

The conjunctiva has lymphatic drainage and CoM may therefore give rise to lymphatic dissemination.
Regional spread of CoM has been reported in 11-52% of patients at 5 years.*>* The lymph nodes
are believed to be the first site of metastasis in many CoM cases,® but distant metastasis without

prior lymph node involvement may occur as well.

Systemic metastasis may occur with a 5-yr estimate of 10-16% and a 10-yr estimate of 17-26%.%!

The most frequent sites of distant metastases are the lungs, liver, brain and skin.!744:1,52
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General Introduction and Outline of Thesis

The visual outcome of CoM patients is commonly not influenced by the disease itself, but may be
affected by local therapy (such as corneal damage due to surgery or limbal stem cell deficiency due

to topical chemotherapy) or by last-resort therapy such as removal of the eye.

Part Il - Uveal melanoma

Epidemiology

Uveal melanoma (UM) is the most common intraocular primary malignancy in adults. It comprises
melanoma of the choroid (90%), ciliary body (6%) and iris (4%).>* The incidence of UM in total
ranges from 5.1 to 8.6 per million in Caucasian adults.”*> It is most prevalent in persons of
(northern) European ancestry, and has a south-to-north increasing gradient in America as well as
Europe.”>*® The incidence has been relatively stable over the last few decades,”” suggesting (unlike

what is observed in CoM) no strong relation with UV exposure.

Pathophysiology

Melanocytes are present throughout the uveal tract, and malignant transformation of these underlies
the development of UM.’® UM is usually initiated by mutations in GNAQ/I1, which occur in
almost 90% of cases.””® Mutations in GNAQ/11 are involved in several processes of cell growth and

61,62

proliferation® including in activation of the YAP1 (“hippo”) pathway®"®%. Interestingly, mutations

3

in GNAQ/11 are already present in choroidal nevi,”® so for malignant transformation, a second
mutation is required. Common ‘secondary’ mutations in UM are those in the BAPI, EIFIAX or

SF3BI genes.*®%

Important events in UM behaviour are occurrence of chromosomal aberrations (copy number
variations).” Frequently observed changes are loss of chromosome 3 or gain of chromosome 8q
(both related to worse clinical outcome), and gain of chromosome 6p (related to a favourable

outcome).%

A decade ago it was discovered that the BAP1 protein (encoded by the BAPI gene on chromosome
3) is a major player in UM behaviour.” BAP1 is a deubiquitinating protein which functions in cell
cycle regulation, DNA damage repair and regulation of gene expression.®® Loss of BAPI protein
expression is related to an unfavourable outcome and is often assessed in patient care to provide

information on prognosis.®*”°

Tumour micro environment / angiogenesis

In UM, the tumour micro environment involves immune cells and extracellular structures such as
blood vessels. Both the immune system and angiogenesis are portrayed as a ‘hallmark of cancer’,”!
which is especially important in UM as the eye is an immune-privileged site,”” and UM are highly-

vascularized.
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Chapter 1

The presence of immune cells has long been known to relate to an unfavourable prognosis in UM,
75 which is exactly opposite to what is seen in cutaneous (and conjunctival) melanoma. Tumour-
infiltrating leukocytes (TILs) produce several pro-inflammatory cytokines, that may stimulate
UM growth.”® Important players in the tumour microenvironment are macrophages, of which
the M2 type is known to stimulate angiogenesis via production of Vascular Endothelial Growth
Factor (VEGF). Vessels provide nutrients and oxygen to proliferating cells, and provide a route
for hematogenic dissemination. Unsurprisingly, a high vascular density is known to relate to worse

survival in UM.”778

There is a close relation between the immune environment and UM genetic make-up: monosomy
3 is related to an increased presence of TILs.”® BAP1 loss and gain of chromosome 8q are related to

increased inflammation.”

Clinical presentation

The clinical presentation of UM depends on the originating site in either the anterior or posterior
segment of the eye. Iris lesions can often be readily observed as a pigmented nodule, or by
deformation of the pupillary margin (Figure 2). Despite rarely causing other symptoms, they are
often diagnosed early by their presentation. Ciliary body and choroidal lesions are usually not visible
from the outside and are detected by coincidence during ophthalmological inspection (in one
third of cases), or following the development of secondary symptoms.*® These symptoms include
decreased visual acuity, metamorphopsia, or increased floaters; this is due to subretinal fluid (SRF),
retinal detachment, haemorrhage or the physical presence of a nodule in the eye. The common
presentation of choroidal melanoma is that of an (un)pigmented lesion that is seen by fundoscopy
(Figure 3).

Clinically, it may be challenging to differentiate a melanoma from a nevus. Choroidal nevi are a
common finding, seen in approximately 5% of Caucasians,® and they may transform into melanoma
in about 1:9000 cases per year.*” A set of clinical parameters has been defined to identify choroidal
nevi with increased risk for transformation into melanoma.®® These factors are Thickness (>2mm),
Subretinal Fluid, Symptoms, Orange pigment, Margin near the optic nerve, Ultrasonographic
Hollowness, Halo absent, Drusen absent; together they form the mnemonic 7o Find Small Ocular
Melanoma Using Helpful Hints Daily.



General Introduction and Outline of Thesis

Figure 2. Clinical presentation of iris melanoma and ciliary body melanoma. (A) Pigmented lesion of
the iris. The dotted line indicates the cross section as presented by ultrasonography in panel B. (B) Ultrasound image
of the same patient as in A. note the nodular configuration, limited to iris tissue. (C) Pigmented lesion of the ciliary
body, inferior. The dotted line indicates the cross section as presented by ultrasonography in panel D. (D) Ultrasound

image of the same patient as in B. Note that the lesion originates from ciliary body tissue, and is located behind the iris.

Abbreviations: C=cornea, S=sclera, i=iris, L=lens, T=tumour.

Figure 3. Clinical presentation of choroidal melanoma. (A) Pigmented lesion of the choroid, located in the

posterior pole. (B) Ultrasound image of the same patient as in A. Note the dome-shaped configuration and internal
‘dark’ or ‘low’ reflectivity of the tumour lesion. (C) Fluorescein angiography of the same patient as in A. Note the

vascular pattern and ‘pinpoint leakage’ of the lesion, which is indicative for melanoma.

Abbreviations: C=cornea, S=sclera, V=vitreous, T=tumour
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Chapter 1

Diagnosis

The diagnosis of UM is usually based on clinical characteristics (as obtained with fundoscopy), and

auxiliary tests such as fluorescein angiography (FA) and ultrasound imaging. Using FA, vascular
atterns and leakage are assessed that differentiate between various choroidal lesions. rasoun
tt d leakag d that differentiate betw horoidal 1 8 Ule d

imaging provides information on lesion size, extent, and internal structure (Figure 3). Some centers

ging des informat 1 tent, and internal structure (Figure 3). S t
apply tissue biopsies as a routine investigation.*>* While advantageous for diagnostic and prognostic

purposes, this is an invasive procedure and it is not routinely practiced in The Netherlands.

UM'’s are staged by the AJCC TNM staging system for choroidal/ciliary body or iris lesions,®” based
on tumour dimensions and anatomical extent. When tissue material is obtained (after biopsy or
enucleation), the prognosis can be refined using the tumour’s status of chromosome 3 and 8q,*
its gene expression profile (GED, class 1 and 2),% or immunohistochemical staining for the BAP1
protein.”’ A schematic approach to categorize UM based on their genetic background, presence of

inflammation, and prognostic outcome results into A-, B-, C- and D-type tumours (Table 1).”°

Table 1. Uveal Melanoma categories and corresponding chromosome aberrations and outcome. [Adapted from Jager
etal 2018.%]

A B C D
Metastases risk Low Intermediate High High
mRNA GEP Class 1 Class 1 Class 2 Class 2
Chromosome 3 Disomy Disomy Monosomy Monosomy
Chromosome 8q Normal Partial gain Partial gain Multiple gain
Chromosome 6p Partial/total gain Gain No change No change
Inflammation None None Some Much

Abbreviations: GEP= gene expression profile

Treatment

The most common treatments of UM are radiotherapy or enucleation. Less common approaches are
local resection, transpupillary thermo therapy, photodynamic therapy, or the recently-introduced
nanoparticle AU-011.%

Radiotherapy can be administered as brachytherapy (using plaques with an 1-125, Ru-106, Pd-103
or other isotope sutured to the eye) or as external radiotherapy (using electron or proton beam
devices). A benefit from this approach is that the eye is preserved. Depending on the location of
the tumour and radiation source, however, several adverse events may occur. Common events are

radiation retinopathy, cataract, or neovascular glaucoma. The underlying mechanism of several events
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General Introduction and Outline of Thesis

is vascular damage,” which may occur directly via DNA damage,” or indirectly via production of
free radicals and inflammatory cytokines.”?5 Anti-VEGF medication is used as therapy for several

adverse events, the value of preventive use for retinal damage is under investigation.”"”

Removal of the eye is the indicated procedure in cases where the tumour is too large to irradiate,
when earlier treatment failed, or when severe adverse events of other therapies have occurred or are

to be expected.

Unfortunately, there is currently no successful treatment for metastatic UM. Several therapies that
are successful for cutaneous melanoma, such as targeted therapy and checkpoint inhibitors, showed
no benefit for UM.? Possibly this is due to differences in the immune environment.”” Conventional
chemotherapy is similarly of little benefit.”® Individual patients with limited metastatic disease to the
liver may benefit from regional approaches such as surgical resection or intra-arterial chemotherapy.
These procedures, as well as several other therapies based on checkpoint inhibition, reduction of

angiogenesis or T cell therapies are under investigation.’®

Outcome

The primary outcome measure for UM patients is development of metastases. Lacking proper
treatment this is closely related to survival. A well-reported figure is that up to 50% of UM patients
die from metastases,'® and this has not changed over the last five decades.'” There is a considerable
spread of metastatic potential based upon tumour dimensions and genetic profile. Based on the
TNM staging criteria for choroidal tumours, the 5y/10y risk for metastasis development is 8/15%
in T1 lesions, 14/25% in T2 lesions, 31/49% in T3 lesions, and 51/63% in T4 lesions.'®> The
prognosis of iris melanoma is more favourable with a 5y/10y metastasis risk for T'1 lesions of 2/5%,
for T2 lesions of 9/14%, and for T4 lesions of 33%/unknown.'®?

A secondary outcome measure for UM patients is visual outcome. Visual outcome can be severely
threatened in UM; e.g. by the direct position of the tumour affecting the visual axis, and by adverse

events of therapy (including radiation retinopathy or loss of the eye with enucleation).
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THESIS AIMS AND OUTLINE

This thesis aims to evaluate new imaging techniques to diagnose ocular melanoma lesions, and
to identify new treatment targets for ocular melanoma in a preclinical phase. A central theme is
angiogenesis, which is studied at a basal level with genetics and histology, as well as at a clinical
level with vascular imaging techniques. The first part of this thesis focusses on the understanding
of CoM, and continues with potential new therapies. The second part of this thesis focusses on the
understanding of UM, and continues with the clinical evaluation of vascular imaging techniques.
Some projects of this thesis address both CoM and UM; these are discussed in the part that fits their

content best (Figure 4).

Part | - Conjunctival melanoma

The need for better therapies in CoM follows the substantial rates of recurrences and metastases in
these patients. Only a few large series with long-term follow-up data on CoM have been reported, as
the disease is rare and follow-up in many countries is scattered over local hospitals. We evaluated the
current treatment of CoM patients in our institution, benefitting from our position as a national
referral center with systematic follow-up (chapter 2.1). Triggered by the various clinical presentations
of CoM, and the knowledge that melanin pigment has a role in melanoma development on a
genetic level (see chapter 3.1), we determined whether clinical pigment characteristics are related to

CoM behaviour of the primary tumour (chapter 2.2), and its recurrences (chapter 2.3).

Recent developments in oncology led to the introduction of two new classes of drugs: ‘targeted
therapy” aimed at genetic mutations, and ‘immunotherapy’ aimed at the interaction between the
host’s immune system and tumour cells. These two drugs revolutionized the therapy of cutaneous
melanoma patients. In 2018, the Nobel Prize in Physiology or Medicine was awarded for the ‘Discovery
of cancer therapy by inhibition of negative immune regulation’. Several studies identified similarities in
the genetic background and immune environment between cutaneous and conjunctival melanoma,
prompting the question whether the new drugs are useful to treat CoM. In chapter 3.1, we
summarize the current knowledge of the genetic background and immunologic microenvironment
of CoM, and discuss the first observations from targeted therapy and immunotherapy in patients
with CoM. One type of immunotherapy is based on inhibition of the PD-1/PD-L1 pathway; we
set out to study this pathway in CoM tissue and performed in vitro tests to determine the feasibility

of this new therapeutic approach (chapter 3.2).

Part Il - Uveal melanoma

Uveal melanoma has a distinct position compared to cutaneous and conjunctival melanoma by
having a different genetic background and interaction with the immune system (see chapter 3.1).

The earlier mentioned targeted and immunotherapies have — unfortunately — as yet not been
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General Introduction and Outline of Thesis

successful in UM, leading to an urgent need for better therapies. Most UM carry a mutation in
GNAQ/11, which is known to activate the YAP1 pathway. The YAP1 pathway is a regulator of cell
growth and was found to stimulate tumour growth of various cancers. Interestingly, the readily-
available ophthalmic drug verteporfin can inhibit YAP1 activity. We studied the significance of
the YAP1 pathway in UM, and tested whether verteporfin would inhibit the growth of UM and
CoM cell lines in vitro; we analyzed the role of the genetic background in the treatment response

(chapter 4.1).

An important parameter in the development and behaviour of UM is angiogenesis: vessels are
needed to provide nutrients and oxygen to a proliferating tumour, and vessels provide a route
for tumour cells to disseminate. Several drugs can target vessel growth and new drugs have been
developed to target specific parts of angiogenesis such as by ischemic mediator HIF1a. Angiogenesis
is stimulated by the tumour micro environment, as immune cells can produce pro-inflammatory
and pro-angiogenic cytokines. Recent work showed a relation between the genetic evolution of
UM and the presence of different immune cells.” We hypothesized that the genetic status of UM
relates to angiogenesis as well, and compared the vascular density in UM tissue and the expression

of several angiogenesis-related genes (chapter 4.2).

Blood vessels are not only important for ocular melanoma on a microscopic scale, but translate into
clinical practice for diagnostic purposes and evaluation of therapy. Tumour vessels, as a differentiating
feature between malignant and benign choroidal lesions, are commonly assessed with fluorescein
angiography. We wondered whether not only the presence of vessels, but also the oxygen content of
vessels can be used diagnostically, as this may provide information on the metabolism of (tumour)
cells. We hypothesized that the oxygen metabolism in melanoma eyes is different from that in eyes

with a nevus, and therefore studied oximetry in eyes with choroidal lesions (chapter 5.1).

The role for vascular imaging to diagnose and differentiate lesions of the iris and conjunctiva is
currently limited. Fluorescein angiography has been used to study iris lesions, but the diagnostic
value of many parameters remained unclear; conjunctival tumour vessels have been studied even less
with this technique as dye easily leaks out of conjunctival vessels. A new imaging technique to study
ocular vessels is OCT-angiography (OCTA), with the beneficial properties of being non-invasive
and non-dye dependent. We tested the feasibility of this technique to study iris and conjunctiva
lesions, with the ultimate aim to differentiate between benign and malignant tumours (chapter

5.2).

In summary, this thesis reports on several studies investigating the genetic, immunologic and vascular
characteristics of CoM and UM, and the application of new imaging techniques to differentiate

between benign and malignant lesions.
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Figure 4. Projects of this Thesis. The outline of this thesis in part I and II is presented, together with the partially
overlapping division in CoM and UM. Each oval shape represents a project, numbers refer to the chapters of this

thesis. Projects related to angiogenesis are depicted in green, projects related to treatment of patients are depicted in
blue.
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Chapter 2.1

ABSTRACT

Aims: To evaluate the treatment of conjunctival melanoma at a large Dutch referral centre and to

make recommendations for clinical management.

Methods: A retrospective review was performed of clinical and histological data of 70 patients
treated for a primary conjunctival melanoma between 2001 and 2014 at the LUMC, Leiden, The

Netherlands. Detailed follow-up data were available for all patients.

Results: The mean follow-up time was 70.2 months. The overall 5-year recurrence rate was 29%,
the 5-year metastasis rate 12%, and the 5-year melanoma-related survival 90%. Treatment with
excision alone had a significantly higher 5-year recurrence rate than (the combination of) other
treatments (HR 3.73, 95% CI 1.19 to 11.6, p=0.02). Initial treatment in an ocular oncology centre
was associated with fewer recurrences compared with initial treatment by a local ophthalmologist
of a referring centre (HR 0.32, 95% CI 0.11 to 0.94, p=0.04), despite similar tumour baseline

characteristics.

Conclusion: Conjunctival melanoma is a rare disease with a high recurrence rate. A treatment
strategy with local excision and adjuvant therapy gave a good clinical outcome, excision alone as a
treatment should be considered obsolete. Initial treatment in a large referral centre improves clinical

outcome, and patients should be referred to a specialised centre as soon as possible.
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INTRODUCTION

Conjunctival melanoma (CM) is a rare ocular malignancy with an incidence of 0.3-0.8 per million
in Caucasians.™ Although the disease remains uncommon in other ethnicities, a rising incidence
in Caucasians has been reported.'**> CM originates from melanocytes of the conjunctiva and can
develop in association with primary acquired melanosis (PAM) (in up to 74% of cases), nevi (7%)
or de novo (19%).¢ The clinical presentation of CM may vary, and melanoma may be localised in
any part of the bulbar, forniceal, or tarsal conjunctiva. The presenting lesion may be amelanotic,

brownish or black.

Primary CM is generally treated with wide local excision, followed by adjuvant treatment, such as
cryotherapy, brachytherapy or topical chemotherapy.” More extensive surgical procedures such as
exenteration are used as a last resort therapy. Other treatments such as electron beam radiotherapy
and proton beam irradiation are used but the available literature regarding their use is limited.”
Newer treatments as targeted therapy and immunotherapy for metastases are under investigation,
although no proven treatment for distant metastasis is available yet. The local recurrence rate —
despite treatment — is high (61% of patients after 5 years), and a melanoma-related death of up to
14% after 5 years has been reported.® Different factors affect clinical outcome, most of which are
related to tumour location, thickness and histopathological characteristics.®*0

In this study, we describe the clinical outcome of 70 patients with CM seen at a national referral
centre for ocular malignancies in The Netherlands. The study group consists of first-presenting
primary tumours, with a complete follow-up. We set out to determine which treatments had the
best outcome and to make recommendations for clinical management based on our data and

experience.

METHODS

Patient selection

We identified patients with CM seen or treated at our institution for a first presentation of CM
between January 2001 and December 2014 by searching the institutional cancer registration system
and institutional pathology reports. Patients referred for a recurrence were not included. In total, 70
patients with histologically proven invasive primary CM were included in this study. Patients with
only non-invasive in situ melanoma of the conjunctiva were excluded. The pathological examination
was performed by an experienced ophthalmological pathologist; material obtained in other centres

was reviewed in our institution.
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Clinical and histological data

A retrospective review of clinical records, pathology reports and photographic images was performed.
Baseline characteristics collected at presentation included patient age at diagnosis, tumour size
and localisation. Based on data from pathology reports, medical files, and (colour) photographs,
tumour size and localisation were identified. CM of the cornea, limbus or bulbar conjunctiva was
categorised as ‘epibulbar’, with CM at other sites being categorised as ‘non-epibulbar’. Cell type
(spindle/epithelioid), presence of mitoses, ulceration, and extension into lateral or deep margin
were obtained from pathology reports and by review of pathology samples. Follow-up data included
type and number of received treatments and clinical outcome (local recurrence, metastasis, death).
The location of the first received treatment was categorised as ‘ocular oncology centre’ (our
institution) or ‘local ophthalmologist of a referring centre’ (elsewhere). Local recurrence was defined
as the recurrence of histologically proven invasive CM. Metastases were identified with imaging
techniques, including ultrasound (US), MRI, CT, or pathological analysis of suspected lesions.
The seventh edition of the American Joint Committee on Cancer tumour, node, metastases (AJCC

TNM) staging was used to stage all tumours."

Statistical analysis

Univariate Cox regression analyses were done and Kaplan-Meier (KM) survival curves were
generated to analyse clinical outcome. HRs with corresponding 95% ClIs were provided. KM

analyses were tested for significance with log-rank tests.

Differences between categorical data were evaluated using Pearson’s x* test or Fisher exact test.

Differences between numerical data were analysed with the Mann-Whitney U test.

A P-value < 0.05 was considered statistically significant for all analyses. Data analyses were performed
with SPSS software V.23.0.

RESULTS

Clinical presentation

Baseline characteristics of the included patients are presented in table 1. Seventy patients (35 males,
35 females) with a mean age at diagnosis of 60.3 years were included (median: 60.3 years). Tumour
location was epibulbar in 54 cases (77%), and non-epibulbar in 16 cases (23%). The mean ‘largest
basal diameter’ at presentation was available in 50 cases with a mean of 9.0 mm (median: 7.1 mm).
Tumour thickness was available in 54 cases with a mean of 2.3 mm (median: 1.2 mm). According
to the seventh edition of the AJCC TNM classification, 77% of the cases were graded as T1 and

23% as T2. No lymph node metastases (N1) or distant metastases (M1) were present at baseline.
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Table 1. Patient and tumour characteristics.

Melanoma-
Overall Recurrence Metastasis Related Death Exenterations
Cases Cases Cases Cases Cases
Item (%) (%) P (%) P (%) p (%) P
Overall 70 (100) 20 (29) 9 (13) 9 (13) 11 (16)
Sex
Male 35 (50) 10 (29) 1.00 6(17) 0.48*  5(14) 1.00* 7 (20) 0.32
Female 35 (50) 10 (29) 3(9) 4(11) 4(11)
Age at diagnosis
<60 years 35 (50) 8 (23) 0.29 2 (6) 0.15* 2 (6) 0.15* 4(11) 0.32
260 years 35 (50) 12 (34) 7 (20) 7 (20) 7 (20)
Side
Left (OS) 33 (47) 10 (30) 0.76 4 (12) 1.00*  5(15) 0.73* 6 (18) 0.59
Right (OD) 37 (53) 10 (27) 5 (14) 4(11) 5 (14)
Location
Epibulbar 54 (77) 17(32)  0.53* 6(11) 042  5(9)  0.20* 3 (6) <0.001
Non-epibulbar 16 (23) 3(19) 3(19) 4(25) 8 (50)
cINM
T1 54 (77) 17 (32) 0.53* 6(11) 0.42* 5(9) 0.20* 3 (6) <0.001
T2 16 (23) 3 (19) 3 (19) 4(25) 8 (50)
PAM
Present 65 (93) 20 (31) 0.31* 8(12) 0.51*  8(12) 0.51* 11(17) 1.00*
Absent 0 (0) 0(0) 0(0) 0 (0) 0 (0)
Unknown 5(7) 0 (0) 1(20) 1 (20) 0 (0)

Initial treatment

Our institution 48 (69) 10 (21) 0.03 6(13) 1.00* 7(15 0.71* 10(21)  0.15*

Elsewhere 22 (31) 10 (46) 3 (14) 2(9) 1(5)

Period
2001 to 8/2012 53 (76) 17 (32) 0.36* 8 (15) 0.44* 9(17) 0.10* 6(11) 0.12*
9/2012 to 2014 17 (24) 3(18) 1 (6) 0 (0) 5(29)

Thickness (mm)
<2 36 (51) 10 (28) 0.41  4(11) 1.00* 4(11) 0.67* 2 (6) 0.004*
>2 18 (26) 7 (39) 2 (11) 3(17) 7 (39)

P values are calculated with Pearson’s 7 tests, unless indicated with * for Fisher’s exact tests.
cTNM, clinical tumour, node, metastases stage; PAM, primary acquired melanosis.

Treatments

Data on initial treatment following diagnosis of the CM was available for all patients (table 2). In
total, 48 patients (69%) received the first treatment for their CM in an ocular oncology centre,

and 22 patients (31%) received their first treatment from the local ophthalmologist of the referring
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centre. Patient characteristics did not differ between the two groups in mean age, tumour size or
thickness; a trend was observed for more stage 1 (epibulbar) melanoma in the referred patients
(p=0.063) (supplementary table 1). Treatment for the primary CM consisted most often of
surgical excision with adjuvant therapy, being cryotherapy (10%, n =7), chemotherapy (1%, n=1,),
ruthenium plaque (16%, n=11), strontium brachytherapy (30%, n=21) or iridium brachytherapy
(3%, n=2). Other treatments were excision alone (26%, n=18), exenteration (9%, n=06), or external
beam radiotherapy (6%, n=4). Patients who received their first treatment elsewhere all underwent
local excision (without other treatment) before they were referred to our institution. After intake,
15 patients received adjuvant re-excision, cryotherapy, brachytherapy or a combination of those.
Seven patients received no further treatment as already months had passed without clinical changes,
or as the exact location of the primary lesion could not be determined any more. Treatments for first
recurrences were most often excision with ruthenium (21%, n=4) or excision with strontium (27%,
n=>5). Last resort therapy for recurrences was external beam irradiation (n=1, 5%) or exenteration

(n=3, 16%). At the end of follow-up, an exenteration was performed in 11 cases (16%).

Table 2. Initial treatments for conjunctival melanoma in respect to period and clinical outcome.

8 gz : 2 s % 5
¥ ER 29 g g EQ g
S gz g2 E g 53 g
= ;5 & a N o1 ol < = <
E 0 Q E = o
2 s 2 & = = 4
Cases Cases Cases Cases Cases Cases Cases
Item (%) (%) (%) (%) (%) (%) (%)
Overall 70 (100) 53 (100) 17 (100) 20 (29) 9 (13) 9 (13) 11 (16)
Excision alone 18 (26) 16 (30) 2(12) 9 (50) 1(6) 2(11) 0 (0)
Excision + cryotherapy 7 (10) 7 (13) 0 (0) 1(14) 2 (25) 2 (25) 1(13)
Excision + mitomycin 1(1) 1) 0() 1 (100) 0 (0) 0(0) 0 (0)
Excision + ruthenium 11 (16) 0 (0) 11 (65) 3(27) 109) 0 (0) 109
Excision + strontium 21 (30) 21 (40) 0 (0) 4 (19) 2 (10) 2 (10) 1(5)
Excision + iridium 2(3) 2 (4) 0 (0) 1 (50) 1(50) 1 (50) 1(50)
External beam radiation 4(6) 4(8) 0 (0) 1(25) 2 (50) 2 (50) 1(25)
Exenteration 6(9) 2 (4) 4 (24) 0 (0) 0 (0) 0 (0) 6 (100)

Clinical outcome

Follow-up data was available for all patients with a mean of 70.2 months (median 56.7, range 3.3-
172.3). No patient was lost to follow-up, and follow-up data of >1 year were available for 68 patients

(97%). In total, 20 patients developed a local recurrence (29%), with a 5-year recurrence rate of

38



Treatment of Conjunctival Melanoma in a Dutch Referral Centre

29%. Distant metastases were found in nine cases (13%), which were located in the liver (n=4),
lung (n=3), brain (n=1) or elsewhere (n=4), with an overall 5-year metastasis rate of 12% (10-years:
23%). Regional (lymph node) metastases were detected in seven patients (10%), of whom 5 (71%)
developed distant metastases later on; four patients (6% of all patients) developed distant metastases
without (known) prior lymph node involvement. At the end of follow-up, 21 patients had died
(30%) of whom 9 had died from melanoma-related causes, 4 from other causes, and 8 due to an
unknown cause. Proven melanoma-related mortality at the end of follow up is therefore 13%, with
a 5-year melanoma-related survival of 90% (10 years: 74%). The 5-year overall survival is 72% (10

years: 58%). With KM analysis, at 5-years, the exenteration rate was 14% (10 years: 20%).

Median visual acuity (VA, Snellen value) at baseline was 1.00 (mean: 0.96). The VA at the end of
follow-up had remained the same in 54 cases (77%), had decreased due to treatment in 13 cases
(19%) and due to other causes in 3 cases (4%). Overall, median VA at the end of follow up was 1.00
(mean: 0.84). Without exenterations (n=11), median VA was 1.00 (mean 0.99) (supplementary
table 2).

Outcome analysis

We analysed the value of several parameters as potential predictive factors for the four main
endpoints of this study (local recurrence, metastasis, melanoma-related survival and exenteration),
as demonstrated in table 3. A higher stage according to the TNM classification was associated with
an increased risk for exenteration (HR 17.0,95% CI 3.7 to 77.9, p<0.001). Treatment with excision
alone had a significantly higher 5-year recurrence rate than (the combination of) other treatments
(HR 3.73, 95% CI 1.19 to 11.6, p=0.02). The recurrence rate was less for patients treated directly
at our ocular oncology centre compared with patients receiving their first treatment elsewhere
(HR 0.32, 95% CI 0.11 to 0.94, p=0.04). Tumour thickness >2.0 mm was significantly associated
with the risk of eventual exenteration (HR 10.8, 95% CI 2.0 to 59.9, p=0.006). Patients with a
local recurrence were at higher risk of death due to melanoma (HR 6.71, 95% CI 1.49 to 30.4,
p=0.013), and a trend towards a higher risk for metastasis was observed (HR 3.83, 95% CI 0.91
to 16.1, p=0.067). Cell type (spindle/epithelioid), mitoses (no/yes), ulceration (no/yes), extensions
into lateral margin (no/yes) and extension into deep margin (no/yes) were not significantly related

to the outcome in our cohort.
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DISCUSSION

We evaluated the clinical outcome of 70 patients with CM treated at our institution and obtained
follow-up data of all patients. The mean follow-up time was 70.2 months. We observed a 5-year
local recurrence rate of 29%, a 5-year metastasis rate of 12% and a 5-year melanoma-related survival
of 90%. Patients receiving their first treatment at an ocular oncology centre had significantly fewer
recurrences than patients receiving their first treatment by the local ophthalmologist of the referring

centre, despite similar baseline characateristics.

Our results compare favourably to other reports with regard to the main clinical outcome
p y P g
parameters. The 5-year recurrence rate of 29% is favourable compared with the ranges of 26-61%

6,8,10,12,13

reported by other groups while the 5-year metastasis rate of 12% is comparable to the rates

in other reports (11-16%)."> Our 10-year metastasis rate of 23% is within the range of 18-26%

reported in the literature,'>!4

as is the 5-year melanoma-related survival of 90% (reported ranges of
68-93%"%>1219) The rate of initial exenterations is somewhat low (9%), though wide ranges have
been reported of 3-17%.%'%'>'¢ The eventual rate (11%) is comparable to others, ranging from 10%
to 37%, with various follow-up times."®!>!7

A variety of treatments was available for our patients. A comparison between treatment options for
clinical outcome is hampered by the small numbers in certain treatment groups, but a favourable
outcome was detected for patients treated with adjuvant brachytherapy (either strontium or
ruthenium plaque therapy) compared with the other groups (table 2). A clear worse recurrence
rate was found for patients treated with excision alone compared with patients receiving other
treatments (table 3). Although CM has the reputation of a sight-threatening disease,'® VA remained
good for all patients treated with non-exenteration (supplementary table 2). This quantifies an

earlier suggestion by Damato."
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Chapter 2.1

This study shows a better outcome for patients receiving their first treatment in an ocular oncology
centre compared with patients first treated elsewhere (figure 1). This is interesting since no significant
differences in maximum tumour size (p=0.36), thickness (p=0.96) or stage (p=0.063) were observed
between these two groups, and all patients were referred because of a primary tumour, nota recurrence
(supplementary table 1). Iatrogenic tumour seeding may be the cause of this observation, as noticed
by Damato and Coupland after an audit of CM patients at their institution in Liverpool,” since
less experienced surgeons may be less knowledgeable in their approach to this rare disease. A second
cause that we propose may be treatment delay and information loss during the referral. Without
extensive (photographic) documentation prior to surgery, it is generally difficult to plan appropriate
adjuvant therapy and follow-up. By the design of this study — retrospectively including patients
who were referred to our institution - we could not rule out a selection bias in patients who were
treated elsewhere first, but as the (estimated) majority of Dutch patients with CM will be seen in
our centre, we feel that this bias is limited. Like Damato and Coupland, we advise that patients with
a lesion suspicious of CM are referred to a specialised centre, preferably without any prior surgery
or biopsy. This referral should be accompanied with extensive documentation of the original lesion,

and, if applicable, with presurgery photographs.
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Figure 1. Kaplan-Meier analysis of the recurrence-free survival according to the institute of initial treatment; our

institution (ocular oncology centre) versus elsewhere (local ophthalmologist).
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In our institution, all patients with suspected ocular malignancies are seen by an ocular oncologist.
‘The mainstay of our current treatment of smaller CM is wide local excision (margins of 2 mm) with
adjuvant brachytherapy. During surgery, we apply formalin in a 4% solution with a cotton tip for
20 seconds to the lesion prior to excision. This is believed to cause fixation and to prevent tumour
seeding, performed in our institution for many years.”” Removal of the melanoma is performed
using a no-touch technique. At the end of the procedure, the wound is closed when possible,
especially if brachytherapy is planned. Larger wound surfaces and especially those in the nasal angle
or fornices are covered with amniotic membrane to prevent the development of symblepharon; in
smaller wounds, this is not necessary. The excised material is reviewed with immunohistochemical
stainings by an experienced ophthalmo-pathologist to confirm diagnosis and assess tissue margins.
Brachytherapy is usually applied in a second procedure with several days in between, after pathology
has confirmed the diagnosis and has shown all conjunctival surgical margins to be free of tumour.
For brachytherapy, we use Ruthenium-106 plaques (BEBIG, Berlin, Germany). Treatment aim is
100Gy at 2mmy; this depth is default since no tumour thickness is left after surgery. Larger CM - not
fully coverable with a Ruthenium-106 plaque - is treated with exenteration or external radiotherapy,
though the latter should be considered as palliative procedure only. For cryotherapy, the double
freeze-thaw procedure is used both on the conjunctival and/or limbal margins and the scleral bed.
Excision alone should be considered obsolete. Excision with only cryotherapy or mitomycin C has
become less common in our institution. In September 2012, strontium brachytherapy was largely
abandoned in our centre for logistical reasons. Proton beam irradiation is currently not available
in the Netherlands allthough a specialised centre will open shortly. We do not perform sentinel
lymph node biopsies as a regular procedure, common greyscale US examination of the cervical/neck
lymph nodes is performed every six months, however. A cytological puncture of the lymph nodes is

performed if US examination reveals suspicious nodes.

At diagnosis, our systemic work up consists of X-ray imaging of the chest to detect possible
pulmonary metastases and analysis of liver function and enzymes for hepatic metastases, in addition
to the earlier mentioned US of the cervical/neck lymph nodes. We did not perform systemic
screening as a regular procedure during follow-up of the studied period, but have since changed
our protocol. Our follow-up regimen now consists of an outpatient clinic visit after 2, 4, 6, and 8
weeks, then once every 3 months for the first year, and once every 6 months thereafter. This is as
suggested by Westekemper e a/, though more frequent in the first visits.” Key points of the visit are
slit-lamp examination with evertion of the eyelid, and clinical (ocular) photography; photography is
always performed at intake, after treatment and at multiple moments during follow-up. Preferably,
patients are seen by the same ophthalmologist at every visit enabling detection of small changes in
appearance of the conjunctiva, and we would recommend that this follow-up is performed in the

tertiary centre. All patients are discussed in a multi-disciplinary meeting with the ocular oncologists
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and a radiotherapist. Currently, if PAM is present in areas besides the CM, topical treatment with
mitomycin C (drops of 0.04%, four times daily, in two consecutive series of 14 days with 1 week in

between) is applied. This was not yet part of the regular protocol during this study however.

This study describes the most recent cohort of patients with CM in The Netherlands. Availability
of detailed follow-up data is a strong feauture of this study, as no patient was lost to follow-up. This
can be explained by the relatively small size of the Netherlands and the dense, organised structure
of healthcare with a national cancer registry. Although we describe one of the larger cohorts of
CM patients, sample sizes are still small and this urges a critical view of the data analysis. It should
be also noted that our cohort only contained T1 and T2 CM, although no selection regarding
tumour stage was applied. Together with the high percentage of co-occurring PAM in our cohort
(93%), a known precursor of CM, these issues might have hampered our statistical power to detect
prognostic factors. The incidence of CM in the Netherlands could not be determined by this study,

but is estimated to be in the range of 0.3-0.8/million, based on data from Scandinavian countries
and the USA.

In conclusion, CM is a rare ocular malignancy and continues to have a high local recurrence
rate and a high mortalicy. With a current treatment strategy of local excision and adjuvant
brachytherapy as the mainstay, we achieved a good clinical outcome comparable to other groups.
VA is unthreatened in CM, apart from cases where there is a need for exenteration. Our study
confirms the recommendation that patients with a lesion suspicious for CM should be referred
as soon as possible to a reference centre for diagnosis and treatment, as this significantly improves
clinical outcome. If patients are treated elsewhere first, we stress the importance of presurgery

documentation, with photography, to allow proper adjuvant treatment and follow-up.
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SUPPLEMENTARY MATERIAL

Supplementary Table 1. Location of initial treatment.

Initial location:

Initial location:

Overall Other Our Institution
Item Cases Cases (%) Cases (%) P value
Overall 70 (100) 22 (31) 48 (69)
Sex 0.61
-Male 35 (50) 10 (45) 25 (52)
-Female 35 (50) 12 (55) 23 (48)
Age at diagnosis 1.00
-<60 years 35 (50) 11 (50) 24 (50)
-260 years 35 (50) 11 (50) 24 (50)
Side 0.85
-0S 33 (47) 10 (45) 23 (48)
-OD 37 (53) 12 (55) 25 (52)
Location 0.063
-Epibulbar 54 (77) 20 (91) 34 (71)
-Non-epibulbar 16 (23) 2(9) 14 (29)
cINM 0.063
-T1 54 (77) 20 (91) 34 (71)
-T2 16 (23) 2(9) 14 (29)
PAM 0.32*
-Present 65 (93) 19 (86) 46 (96)
-Absent 0 (0) 0 (0) 0 (0)
-Unknown 5(7) 3 (14) 2 (4)
Period 0.42
2001 - 08/2012 53 (7) 18 (82) 35 (73)
-09/2012 - 2014 17 (24) 4 (18) 13 (27)
Thickness 0.68
-Less 2mm 36 (51) 12 (71) 24 (65)
-2mm or more 18 (26) 5(29) 13 (35)
LBD (mean, SD) 9.0 (6.1) 6.3 (3.3) 9.3 (6.3) 0.19**
Thickness (mean, SD) 2.3 (2.80) 2.1(1.9) 2.3 (3.1) 0.59**

¢TNM, clinical TNM stage; LBD, largest basal diameter; SD, Standard Deviation.

P values are calculated with Pearson Chi-Square tests, unless indicated with * for Fisher Exact tests

and ** for Mann-Whitney U tests.
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Supplementary Table 2. Visual Acuity at baseline and end of follow-up.

Overall
— [Initial location: Initial location:
Item Cases (%) Elsewhere Our Institution P value
VA initial N=22 N=48
-Mean, Snellen [SD] 0.96 [0.30] 0.92 [0.16] 0.98 [0.34] 0.15
-Median, Snellen 1.00 0.95 1.00
VA at end of Follow-Up - overall
-Mean, Snellen [SD] 0.84 [0.47] 0.93 [0.34] 0.79 [0.51] 0.57
-Median, Snellen 1.00 1.00 1.00
VA at end of Follow-Up — excl exenterations N=21 N=38
-Mean, Snellen, [SD] 0.99 [0.32] 0.97 [0.28] 1.00 [0.35] 0.51
-Median, Snellen 1.00 1.00 1.00
VA loss at end of Follow-Up
-No loss 54 (77) 19 (86) 35 (73)
-Loss by exenteration 11 (15) 1(5) 10 (21)
-Loss by other treatment 2 (3) 2(9) 0 (0)
-Loss by other cause 3 (4) 0 (0) 3 (6)

VA, Visual Acuity.
P values were obtained by Mann-Whitney U test.
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Lack of Tumour Pigmentation
in Conjunctival Melanoma

is Associated with Light Iris
Colour and Worse Prognosis
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ABSTRACT

Aim: To investigate whether differences in iris colour, skin colour and tumour pigmentation are

related to clinical outcome in conjunctival melanoma.

Methods: Data of 70 patients with conjunctival melanoma from the Leiden University Medical
Centre (Leiden, The Netherlands) and 374 patients from the Wills Eye Hospital (Philadephia,
USA) were reviewed. The relation between iris colour, skin colour, and tumour pigmentation versus
clinical parameters and outcome was investigated using univariate and multivariate regression

analyses.

Results: A light iris colour (blue, grey, green) was present in 261 (59%) of all patients and a dark
colour (hazel, brown) in 183 (41%). A low tumour pigmentation was detected in 130 (40%) and
a high pigmentation in 197 (60%) patients. Low tumour pigmentation was associated with light
iris colour (p=0.021) but not related to skin colour (p=0.92). In univariate analysis, neither iris
nor skin colour was related to clinical outcome, while a low tumour pigmentation was related to
metastasis formation (HR 2.37, p=0.004) and death (HR 2.42, p=0.020). In multivariate analysis,
low tumour pigmentation was related to the development of recurrences (HR 1.63, p=0.043),
metastasis formation (HR 2.48, p=0.004) and death (HR 2.60, p=0.014).

Conclusion: Lightly pigmented tumours occurred especially in individuals with lightly coloured
irises. While iris colour or skin colour was not significantly related to clinical outcome, a low
tumour pigmentation was related to a worse outcome in patients with conjunctival melanoma. The
amount and type of melanin in conjunctival melanocytes may be involved in the pathogenesis and

behaviour of selected conjunctival melanoma.
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INTRODUCTION

Conjunctival melanoma (CoM) is a rare but lethal malignancy of the eye, with a 10-year
melanoma-related mortality of approximately 30%.'? As few treatment options exist for advanced
stages of CoM, it is important to investigate the mechanisms contributing to this disease and the

development of metastases.

A pathway of interest is that of pigment and melanin synthesis. The role of these factors in tumour
development and metastasis formation has been investigated in cutaneous and uveal melanoma
(UM), and various pathways have been proposed to be involved.* Ocular melanin consists of two
types: eumelanin and pheomelanin, which have different biological characteristics:® eumelanin has a
brown/black colour and helps to protect against ultraviolet (UV) radiation-mediated damage, while
pheomelanin has a yellow/red colour and has been associated with the induction of genotoxic stress,
which is associated with DNA damage.®® The colour of the iris and the skin is determined by the

amount and type of melanin.>’

Cutaneous and uveal melanomas typically occur in light-skinned people, and the incidence of
both malignancies is higher in individuals with light-coloured irises.'®'" A light iris colour has
been associated with a higher risk of metastatic death in UM, but the mechanisms responsible
need to be elucidated.'? No conclusive results have been published on the association between iris
colour, skin colour and the development of CoM. Pigmentation of the tumours themselves was
investigated as well: amelanotic cutaneous melanoma has a significantly worse survival compared
with melanotic cutaneous melanoma,'® and one analysis found that low tumour pigmentation was
similarly associated with a worse clinical outcome in UM.! Low tumour pigmentation has been
associated with a worse prognosis in CoM," but this was investigated in a limited number of

patients as the disease is so rare.

The aim of this study is to evaluate the association between iris colour, skin colour, tumour
pigmentation and clinical outcome in patients with CoM. We hypothesize that the presence of
(dark-coloured) eumelanin, as opposed to (light-coloured) pheomelanin, may protect against the
development of CoM recurrences and metastases. We therefore expect to find that light iris colour,
light skin colour and low tumour pigmentation are associated with a worse clinical outcome in

patients with CoM.
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METHODS

Patient data

A retrospective analysis on data sets from the Leiden University Medical Center (LUMC, Leiden,
The Netherlands) and the Wills Eye Hospital (WEH, Philadelphia, USA) was performed. The
Leiden group consisted of 70 patients with histopathologically confirmed primary CoM, diagnosed
between 2001 and 2014.' The WEH group consisted of 374 patients with histopathologically
confirmed primary CoM, diagnosed between 1970 and 2003. The WEH group is part of a larger
study group described earlier by Shields ez 2/, from which the patients with available data on eye

colour were selected.

Statistics

The two data sets were analysed together to obtain enough cases for statistical analysis. Descriptive
statistics of both the separate and combined data sets are provided. Categorical data were analysed
with Pearson’s X* tests. Numerical data were analysed with the Mann-Whitney U test. Outcome
variables (local recurrence, distant metastasis, melanoma-related death, exenteration) were analysed
with univariate and multivariate regression analyses. Two multivariate models were tested. In the
first multivariate model, we investigated if the pigment-related variables (iris colour, skin colour,
tumour pigmentation) were independently related to the outcome. The variables were entered
without any selection criteria. A variable for institution was added to adjust for (unmeasured)
differences between the two data sets. In the second multivariate model, we entered all variables
with a p<0.10 from the univariate analysis using forward selection, to identify a model of significant

parameters with a p<0.05. The HRs and 95% Cls were provided for all regression analyses.

Clinical characteristics

Iris colour was categorised as either ‘light’ (blue/grey/green) or ‘dark’ (hazel/brown). This division
is based on the published melanin content of iridal melanocytes in different iris colours, with
significantly higher eumelanin, a higher eumelanin/pheomelanin ratio and more total melanin in
darker irises compared with lighter irises.” Tumour pigmentation was categorised visually as ‘low
pigmented’ (non-pigmented/mixed) or ‘high pigmented” (pigmented) (figure 1). Skin colour was
categorised as ‘fair’ (fair/white) or ‘non-fair’ (tinted/olive/dark). Tumour location on the eye was
categorized as ‘epibulbar’ for CoM only affecting the cornea, limbus or epibulbar conjunctiva, and
‘non-epibulbar’ for CoM affecting other areas on the eye. As this is a secondary analysis of two
data sets, all parameters had been recorded earlier based on patient medical files including available

medical photographs.
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Figure 1. Three conjunctival melanomas with various degrees of pigmentation: (A) Pigmented lesion, (B) mixed

lesion and (C) Non-pigmented lesion.

RESULTS

Patient characteristics

A total of 444 patients were included in this study, with 374 patients coming from the WEH, and
70 from the LUMC (table 1). Data on iris colour and skin colour were available for all patients,
tumour pigmentation was known in 327 (74%) cases. Mean age at diagnosis was 59.5 years.
The mean tumour thickness was 1.77 mm. Most tumours were epibulbar (63%). Patients from
the Leiden group presented more often with an epibulbar tumour location compared with the
WEH group (p=0.005), but they were similar with regard to other clinical parameters (online

supplementary table 1).

Eye colour and skin colour

Light iris colour was detected in 59% of all patients, with a fair skin tone in 88%. Patients from the
Leiden group more often had light-coloured irises (p<0.001) and a fair skin (p=0.035) compared
with the WEH group (online supplementary table 1).

In the WEH group, a larger maximum basal diameter of the melanoma was associated with darker
eye colour (p=0.02), and a non-epibulbar location was observed more frequently in patients with

non-fair skin (p=0.005), while this could not be detected for the Leiden patients.

Tumour pigmentation

No or mixed tumour pigmentation was found in 40% of all patients. There was no significant
difference in the percentage of lightly pigmented versus highly pigmented tumours between
the Leiden group and the WEH group (p=0.31). Overall, there were no differences in clinical
characteristics at baseline between lightly pigmented versus highly pigmented tumours. Low tumour

pigmentation was related to light iris colour (p=0.022), but not to skin colour (p=0.92) (table 1).
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Outcome analysis

The mean overall follow-up time was 56.3 months. A total of 177 patients (40%) developed a
recurrence, 50 patients (11%) had an exenteration performed during follow-up, 62 patients (14%)
developed a metastasis, and 36 patients (8%) died of a melanoma-related cause (table 1). Patients
from the Leiden group less frequently developed a recurrence compared with patients from the
WEH group (p=0.035), but the groups were similar for other clinical outcome measures (online

supplementary table 1).

With univariate analysis (table 2), iris colour and skin colour were not significantly associated
with the outcome measures, while low tumour pigmentation was significantly associated with the
development of metastases (HR 2.37, p=0.004), and more melanoma-related deaths (HR 2.42,
p=0.020); low pigmented tumours tended to have more frequent recurrences (HR 1.52, p=0.064)
and a greater number of exenteration (HR 1.71, p=0.089). Follow-up time of lightly pigmented
versus highly pigmented tumours was equal, with a mean of 57.9 and 55.2 months, respectively

(p=0.42).

In the first multivariate model, the parameters of pigmentation (iris colour, skin colour, tumour
pigmentation) were analysed together with an adjustment variable for institution (table 3). Low
tumour pigmentation was related to more metastases (HR 2.45, p=0.004), and more melanoma-
related deaths (HR 2.76, p=0.010), while there were trends for more recurrences (HR 1.51,
p=0.082), and a greater number of exenteration (HR 1.80, p=0.068). Iris colour was not related to
any of the outcome measures, but light skin colour showed a trend with more melanoma-related
deaths (HR 6.19, p=0.082).

In the second multivariate model, we included parameters with a p<0.10 from the univariate
analysis, using forward selection (table 2). As iris colour and skin colour were not related with
p<0.10 to any of the outcome measures in univariate analysis, they were not analysed in the second
multivariate model. Low tumour pigmentation was significantly related to more recurrences (HR
1.63, p=0.043), metastases (HR 2.48, p=0.004) and melanoma-related deaths (HR 2.60, p=0.014),

but not to exenteration.
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DISCUSSION

We investigated the association between tumour pigmentation, iris colour, skin colour and clinical
outcome in CoM. Low tumour pigmentation was significantly associated with a greater risk
for recurrence, metastasis and melanoma-related death, even after adjustment for other clinical
parameters and hospital. Iris colour or skin colour were not significantly related to outcome. Low
tumour pigmentation was significantly related to light iris colour in patients with CoM, but not

to skin colour.

To our knowledge, only one study reported on iris colour and clinical outcome in CoM." Our
current study is an extension of that study, increasing the number of patients from 150 to 444.
Similar to the observation in the smaller group, we did not detect an independent relation between
iris colour and outcome in CoM. This differs from findings in UM, where patients with blue/grey
iris colour had a significantly increased risk of metastatic death compared with patients with darker
irises.'>"

Our study showed an association between low tumour pigmentation and a greater risk for
recurrences, metastases and metastatic deaths. The association between low tumour pigmentation
and recurrence has been reported before in a smaller study, unadjusted for other parameters,' and
a trend for this association was reported to occur in a Danish study.”® The association between
a low tumour pigmentation and the development of metastasis or death was shown earlier with
univariate analysis for a set including the WEH patients,'” but was not detected by the two other
studies, which could relate to the considerably smaller sample sizes, having 69 and 127 patients,
respectively.!>?

We did not observe a significant relation between low tumour pigmentation and risk of exenteration,
which had been observed previously in a smaller case series.?! As that study was adjusted for different
variables and included fewer cases (n=151), this may explain why we currently have a different
observation. As the decision to perform an exenteration is based on various (clinical) factors, it

might be difficult to identify unbiased prognostic parameters.

Interestingly, tumour pigmentation was still related to clinical outcome in a multivariate analysis
which included the three investigated pigment-related parameters (iris colour, skin colour, tumour

pigmentation) (table 3).

To our knowledge, this is the first report to find an association between low tumour pigmentation

and light iris colour in CoM, as has already been observed in choroidal and iris melanoma." 2>

Interestingly, we did not detect a relationship between low tumour pigmentation and skin colour in

CoM, which we had expected because of the functional similarity of the conjunctiva and the skin.
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Clinical outcome was also not related to skin colour in our study group. It may be concluded that a
possible relationship is absent or too weak to be of clinical relevance, or that the (lack of) variation

in our population did not allow a proper analysis.

In the study of different types of melanocytes, it is important to recall that conjunctival, uveal
(including iridal) and cutaneous melanocytes are all assumed to be derived from the same embryonic
cells.?® They originate in the neural crest, with precursor cells following different migration routes
to the distinct anatomical locations. Conjunctival melanocytes migrate to the surface ectoderm-
derived epithelium and show functional similarities to melanocytes in the skin, such as transferring
melanin to surrounding cells. Uveal melanocytes migrate to deeper, mesoderm-derived tissues and
are adjacent to the neuro-ectoderm-derived retinal pigment epithelium (RPE) cells.*** Although
conjunctival, uveal and cutaneous melanomas are all derived from the neural crest, it is as yet
unknown how the genetic differences — with e.g. different mutations in CoM compared with UM

- originate.

We propose that the amount and type of melanin present in the melanocytes of the conjunctiva
relate to the development and behaviour of CoM. Melanin can be divided into two types: brown/
black eumelanin and yellow/red pheomelanin, with different characteristics.® Dark-coloured irises
have uveal melanocytes that contain more total melanin, and have a higher eumelanin/pheomelanin
ratio, compared with melanocytes of light-coloured irises.’ A similar effect has been found in skin
melanocytes, with more total melanin and relatively less pheomelanin in darker skin.” Conjunctival
melanocytes were similarly found to contain more melanin in eyes with dark irises, although the

eumelanin/pheomelanin ratio is unknown.*

By the design of the study, lacking a good comparison, we cannot conclude if eye colour or skin
colour predisposes to the development of CoM. However, light-coloured eyes could be more prone
to development of CoM because of the relatively large amount of pheomelanin in the melanocytes,
together with a lack of total pigment to protect against UV damage. Larsen ez 2/*** demonstrated
recently that UV-induced BRAF mutations occurred more frequently in CoM in sun-exposed
(epibulbar or caruncular) sites, and in mixed or non-pigmented lesions. Skin colour or iris colour
was not investigated in relation to BRAF mutations, however. It would be of interest to study the

mechanisms in pigmentation and (UV-induced) mutations to investigate a potential causality.

This study does allow to elaborate on the mechanisms of CoM behaviour once it has developed.
First, a disbalance of pheomelanin and eumelanin may promote aggressive outgrowth leading to
worse clinical behaviour. This is with the assumption that low tumour pigmentation reflects a low
eumelanin/pheomelanin ratio, as is suspected by the dark colour of eumelanin compared with the

lightly coloured pheomelanin.
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A second mechanism to be considered is that changes in melanin relate to other, genetic, aberrations
of the tumour. As such, the pigmentation is not causative of behaviour, but indicative of other
mechanisms. Following further malignant changes in melanocytes, the ability to produce pigment

may be lost, resulting in amelanotic lesions.

A third factor that should be considered, is that external factors are involved. It is harder to
determine the tumour margins in lightly pigmented lesions, making it more difficult to identify
and treat affected areas of the conjunctiva. As primary tumour treatment is an important prognostic
parameter in CoM,'®'® this could have led to suboptimal treatment of lightly pigmented lesions,

and residual melanoma cells might have caused the higher recurrence and metastasis rates.

A clinical implication of our findings is that clinicians must be more aware of the worse prognosis of
lightly pigmented CoM. With tumour margins more difficult to assess in the absence of pigment, a
wider surgical approach could be justified in removing such lesions, with more extensive (adjuvant)
treatment. As lightly pigmented lesions develop more often in patients with a light iris colour, this

calls for even more caution in patients with lightly coloured eyes.

A strength of this study is the large sample size, allowing multivariate analysis. Two models could
be presented, with adjustment for other parameters. Also, we were able to investigate eye colour,
tumour pigmentation and skin colour together, which is interesting as these parameters all depend
on similar pathways of melanin production. Recently, a study was published on clinical parameters
that were associated with outcome in CoM in the Leiden group, identifying the hospital of initial
treatment and the type of treatment as prognostically important for the development of recurrences. '
Prior to this, an analysis of patients that included the WEH group, identified other parameters such
as tumour origin and location as being related to metastasis development.”” We compared as many
of the different parameters as possible with tumour pigmentation, but not all parameters were
available. Unfortunately, we were not able to test for genetic aberrations or determine the cellular

contents of melanin in our cases; our findings warrant further investigation, however.

In conclusion, we found that low tumour pigmentation is related to light iris colour and a worse
clinical outcome in CoM. Iris colour or skin colour was not related to clinical outcome. Our findings
suggest a role for the amount and type of melanin present in the melanocytes of the conjunctiva
in the behaviour of CoM. Future research should elucidate the exact — and sequential — molecular

pathways that relate pigmentation to tumour behaviour.
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SUPPLEMENTARY MATERIAL

Supplementary table 1. Patient and tumour characteristics of the two analysed groups of patients with

histologically-proved conjunctival melanoma.

Total Leiden Philadelphia
Parameter Cases (%) Cases (%) Cases (%) P-value
Total 444 (100) 70 (16) 374 (84)
Sex
male 217 (49) 35 (50) 182 (49) 0.84
female 227 (51) 35 (50) 192 (51)
Age at diagnosis (year)
<60 202 (45) 35 (50) 167 (45) 0.41
260 242 (55) 35 (50) 207 (55)
Age at diagnosis (year)
mean (SD) 59.5 (17.5) 60.3 (18.3) 59.3 (17.3) 0.71
Side
right (OD) 239 (54) 37 (53) 202 (54) 0.86
left (OS) 205 (46) 33 (47) 172 (46)
Location
epibulbar 215 (63) 54 (77) 161 (59) 0.005
non-epibulbar 128 (37) 16 (23) 112 (41)
Thickness (mm) (n=130) (n=54) (n=76)
mean (SD) 1.77 (2.1) 2.25(2.8) 1.43 (1.3) 0.14
Tumour LBD (mm) (n=320) (n=50) (n=270)
mean (SD) 10.63 (8.1) 8.97 (6.1) 10.94 (8.4) 0.30
Pigmentation
non/mixed pigmented 130 (40) 17 (33) 113 (41) 0.31
pigmented 197 (60) 34 (67) 163 (59)
Iris colour
blue/green/grey 261 (59) 59 (84) 202 (54) <0.001
hazel/brown 183 (41) 11 (16) 172 (46)
Skin colour
fair 392 (88) 67 (96) 325 (87) 0.035
non-fair 52 (12) 3 (4) 49 (13)
Recurrence
yes 177 (40) 20 (29) 157 (42) 0.035
Metastasis
yes 62 (14) 9 (13) 53 (14) 0.77
Melanoma-related death
yes 36 (8) 9 (13) 27 (7) 0.11
Exenteration
yes 50 (11) 11 (16) 39 (10) 0.20

LBD, largest basal diameter; SD, Standard Deviation.

65



AN
Y, id. AJ

)
R \
N

\
N\ N
[/ =




2.3

Pigmentation of Conjunctival
Melanoma Recurrences
and Outcome

Niels J. Brouwer', Marina Marinkovic', Gregorius PM. Luyten', Carol L. Shields?,
Martine J. Jager'

Graefes Arch Clin Exp Ophthalmol 2019; 257(8):1783-1788.
1. Department of Ophthalmology, Leiden University Medical Center, Leiden, The Netherlands

2. Ocular Oncology Service, Wills Eye Hospital, Thomas Jefferson University, Philadelphia,
Pennsylvania, U.S.A.



Chapter 2.3

ABSTRACT

Purpose: In primary conjunctival melanoma (CoM), one of the characteristics that is associated
with an increased risk of metastases and death is a lack of tumour pigmentation. The aim of this
study was to investigate whether the degree of pigmentation of CoM recurrences relates similarly

to clinical outcome.

Methods: A data set of 177 patients with a CoM recurrence from the Wills Eye Hospital (USA)
and the Leiden University Medical Center (The Netherlands) was analysed. The relation between
clinical tumour pigmentation of the recurrences, the characteristics of the primary lesions and

clinical outcome was investigated.

Results: In 117 (66%) of 177 patients with a CoM recurrence, tumour pigmentation was known:
71 patients (61%) had recurrences with low pigmentation. Primary lesions had low pigmentation
in 39% of cases, which is significantly different (p=0.001). However, low tumour pigmentation
of recurrences correlated with low tumour pigmentation of the primary lesion (p<0.001). No
association was observed between pigmentation of the recurrences and iris colour (p=0.66). Low
pigmentation of the recurrences was not significantly associated with an increased risk for metastases
(HR 1.96, p=0.12) or death (HR 1.79, p=0.27), whereas primary tumours with low pigmentation
did show a greater risk for metastases (HR 2.82, p=0.016) and death (HR 2.90, p=0.037).

Conclusions: CoM recurrences are more often lightly pigmented compared to primary lesions.
A correlation exists between the degree of pigmentation of primary and recurrent lesions, but
recurrences can appear with any degree of pigmentation. Unlike primary CoM, the level of

pigmentation of CoM recurrences is not related to metastasis or death.
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INTRODUCTION

Conjunctival melanoma (CoM) is a rare ocular malignancy that arises from melanocytes in the
basal layer of the conjunctiva. It comprises about 5% of all ocular melanoma' and has an incidence
0f 0.6 to 0.8 per million in Caucasians.>* CoM has a high recurrence rate, at 26-61% in 5 years.>”
Treatment for smaller CoM consists of local excision with adjuvant therapy (e.g. cryotherapy, topical
chemotherapy and/or radiotherapy), while more extensive procedures such as orbital exenteration
are required for larger or advanced CoM.® Despite treatment of the primary lesion, metastatic

disease can develop and can be fatal with a 10-year melanoma-related mortality of up to 29%.”°

To identify which mechanisms play a role in melanoma development and the formation of
metastases, we recently studied tumour pigmentation in primary CoM." A light tumour
pigmentation was associated with a higher frequency of recurrences (HR 1.63, p=0.043), metastases
(HR 2.48, p=0.004) and melanoma-related deaths (HR 2.60, p=0.014). It was furthermore noticed
that iris colour and pigmentation of the primary tumour were associated (p=0.021), as light tcumour
pigmentation was found more frequently in eyes with a light-coloured iris. Based on these findings,
we hypothesised that the amount and type of melanin present in conjunctival melanocytes may play
arole in the development and behaviour of CoM. Further, it may be that lightly coloured tumours

are sometimes missed or misdiagnosed.

In clinical practice, it has been observed that CoM recurrences are frequently amelanotic, even though
the original lesions can be pigmented (Figure 1). This is clinically important as the recurrences
may simulate other conjunctival disease, delaying proper diagnosis and treatment. Exemplary
lesions that can appear as an amelanotic conjunctival mass are pyogenic granuloma, pinguecula or
pterygium, or malignancies such as ocular surface squamous neoplasia or lymphoma.>!" It remains
unclear how often CoM recurrences are amelanotic and how this relates to clinical outcome. As
we demonstrated a relation between pigmentation of primary CoM and clinical behaviour, we

wondered if pigmentation of recurrent CoM could also relate to outcome.

The aim of this study was to determine whether pigmentation of CoM recurrences resembles the
corresponding primary lesion, and whether pigmentation of CoM recurrences is related to clinical

outcome.
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Primary lesion Recurrence

Figure 1. Corresponding primary and recurrent lesions of conjunctival melanoma with different pigmentation.

Both patient 1 (a, b) and patient 2 (¢, d) presented with a primary lesion with high pigmentation and developed a
recurrence with low pigmentation. Lightly pigmented recurrences may be difficult to detect or can be confused with
other ocular diseases.

Patient 1 was treated for the primary CoM with local excision only. The recurrence developed after 9 months. Patient
2 was treated for the primary CoM with local excision and adjuvant brachytherapy. The recurrence developed after
6 years

METHODS

A data set of 444 patients diagnosed with primary CoM from the Wills Eye Hospital (Philadelphia,
USA) and the Leiden University Medical Center (Leiden, The Netherlands) was analysed. Patient
and tumour characteristics of this combined set have been previously published.”® In short, all
patients had histopathologically-confirmed CoM, the mean age of these patients was 59.5 years
(SD 17.5), 51% was female, the mean tumour thickness was 1.77 mm (SD 2.1) and 63% of
lesions were epibulbar. We identified 177 patients (40%) who developed a local recurrence of
CoM and reviewed the data of these patients, with an emphasis on tumour pigmentation. Tumour
pigmentation of the primary lesions was classified clinically as ‘high pigmentation’ (i.e. ‘pigmented’)

or ‘low pigmentation’ (i.e. ‘non-pigmented/mixed’), based on the patient medical file and available
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clinical photographs.’® Mixed lesions were categorised together with non-pigmented lesions as
apparently parts of the lesion lost the ability to produce pigment. Tumour pigmentation of all
known recurrences per patient (also determined clinically) was combined to one value of ‘always
high pigmentation’ (i.e. if all recurrences were pigmented), ‘always low pigmentation’ (i.e. if all
recurrences were non-pigmented/mixed), or ‘variable’ (i.e. if a combination of pigmented and non-
pigmented recurrences occurred within the same patient). Iris colour was classified as ‘light’ (i.c.
blue, green or grey) or ‘dark’ (i.e. hazel or brown), which reflects a division between low or high
melanin content of iridal melanocytes.' Statistical analyses were performed using SPSS software
(v.23). Categorical data was analysed with the chi-square test or Fisher exact test. Numerical data
was analysed with the Kruskal-Wallis test. Analyses of the development of metastasis or survival
were performed with logistic regression and log rank (Kaplan-Meier) tests. P-values < 0.05 were

considered statistically significant.

RESULTS

Of the 177 patients with a CoM recurrence, the pigmentation of the recurrent tumours was known
in 117 (66%) cases: 46 patients (39%) had lesions in which the pigmentation was always high
during follow-up, and 71 patients (61%) had recurrences in which the pigmentation was always
low (or variable) during follow-up. Of these 117 patients, mean age at diagnosis of the primary
CoM was 64.5 years (SD 14.0). Mean age at the moment of the first recurrence was 67.9 years (SD
14.5). Between the patients with recurrences with consistently high, consistently low, or variable
pigmentation, no statistically significant differences existed in age at diagnosis (p=0.70) or age at
first recurrence (p=0.80) (Table 1). There was no significant correlation between iris colour and

tumour pigmentation of the recurrences (p=0.66) (Table 1).

In 105 of the 117 patients with data on recurrent tumour pigmentation, pigmentation of the primary
lesion was known: there were 64 cases (61%) with high pigmentation and 41 cases (39%) with low
pigmentation. Compared to this percentage of primary lesions, recurrences were significantly more
often lightly pigmented (61% vs 39%, p=0.001). Low tumour pigmentation of the primary lesion

was significantly related to low tumour pigmentation of the recurrences (p<0.001).
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Table 1. Tumour pigmentation of conjunctival melanoma recurrences in 117 cases, relationship to clinical factors

and outcomes

Pigmentation of CoM recurrences

Always High Always Low Variable
Cases (%) Cases (%) Cases (%)
Total 46 (39) 51 (44) 20 (17) p value
Pigmentation of the primary CoM*
Low pigmentation 7 (17) 25 (61) 9 (22) <0.001
High pigmentation 37 (58) 17 (27) 10 (16)
Iris colour
Light 28 (41) 31 (45) 10 (15) 0.66
Dark 18 (38) 20 (42) 10 (21)
Age at primary CoM (mean, SD) 64.4 (15.5) 63.8 (13.6) 66.6 (11.9) 0.70
Age at first recurrence (mean, SD) 68.1 (15.9) 67.5 (14.7) 68.5 (10.7) 0.80
Number of recurrences per 2.2(2.8) 1.9 (1.0) 5.4 (5.5) <0.001
patient (mean, SD)
Metastasis
Yes 10 (22) 18 (35) 7 (35) 0.31
No 36 (78) 33 (65) 13 (65)
Melanoma-related death
Yes 6 (13) 10 (20) 5(25) 0.45
No 40 (87) 41 (80) 15 (75)

*Of the 117 recurrences included in this study, in 12 cases the pigmentation of the primary lesion was not known.

Primary CoM with low pigmentation was related to a greater risk for metastasis (HR 2.82; 95%CI
1.21-6.56, p=0.016), and melanoma-related death (HR 2.90; 95%CI 1.07-7.88, p=0.037). There
was no statistically significant relation between recurrences with low pigmentation and an increased
risk for metastasis (HR 1.96; 95%CI 0.83-4.59, p=0.12) and melanoma-related death (HR 1.79;
95%CI 0.64-5.00, p=0.27).

Using Kaplan-Meier analysis, patients with primary lesions with low pigmentation had a worse
metastasis-free survival compared to patients with lesions with high pigmentation (p=0.028).
However, patients with recurrences with low or variable pigmentation had no different metastasis-
free survival compared to those with recurrences with consistently high pigmentation (p=0.151)
(Figure 2).

In addition, we controlled for the pigmentation of the primary lesion by analysing the data separately
for patients with either high or low pigmented primary CoM. This demonstrated that, also within

sub groups, pigmentation of recurrences was not associated with metastasis or death (Figure 3).
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Figure 2. Kaplan-Meier analysis of metastasis-free survival. a Patients are categorised by pigmentation of the primary
lesion. A significant 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 categorized 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)

primary
lesions

recurrences outcome

Always high pigmentation Meta: n=2 (29%) )
n=7 (17%) Death: n=2 (29%)
<
Low pigment: Meta: n=4 (44%) L [Meta: p=0.56]
n=41 (39%) Death: n=2 (22%) Death: p=0.89
4
3\
Always low pigmentaﬁonl | Meta: n=13 (52%)
n=25 (61%) Death: n=8 (32%)
All patients -
n=105 (100%) Death: p=0.033
Always high pigmentation Meta: n=8 (22%) A
n=37 (58%) Death: n=4 (11%)
S
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n=64 (61%) Death: n=2 (20%) Death: p=0.77
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J

For primary lesions with low vs high pigmentation, the overall metastasis rate was n=19 (46%) vs n=15 (23%), p=0.014,
and the overall number of melanoma-related death was n=12 (29%) vs n=8 (13%), p=0.033, respectively.

Figure 3. Flow chart of patients with a CoM recurrence and known pigmentation of both the primary and recurring
lesions. Patients are first divided by the pigmentation of the primary lesion and second by the pigmentation of the
recurrences. Outcome is reported for each subgroup. While metastasis and death are significantly associated with
pigmentation of the primary lesion (worse for lesions with low pigmentation), pigmentation of recurrences is not
further associated with outcome
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DISCUSSION

In this study, we investigated the relationship between tumour pigmentation of CoM recurrences,
tumour pigmentation of the corresponding primary lesions, and clinical outcome. We found that
the pigmentation of recurrent tumours was correlated with pigmentation of the primary lesion,
and overall, recurrences were more frequently lightly-pigmented. We found that pigmentation of

recurrences did not relate to metastasis or death, while pigmentation of primary lesions did.

Clinical pigmentation depends on the amount and ratio of (dark-coloured) eumelanin and
(lightly coloured) pheomelanin. These are two products of melanocytes with different biochemical
characteristics: e.g. while eumelanin is protective against UV-radiation damage, pheomelanin is
associated with the induction of genotoxic stress.'>'* Cutaneous melanocytes of dark-coloured skin
contain more total melanin and relatively less pheomelanin compared to melanocytes of light-
coloured skin," as do uveal melanocytes in dark versus light-coloured irises.'? It is not known how
the ratio of eumelanin and pheomelanin relates to tumour pigmentation in CoM, but it can be
similarly expected that lesions with low pigmentation contain fewer total melanin and relatively

more pheomelanin compared to lesions with high pigmentation.

As reported in our carlier study of a predominantly Caucasian population with CoM, 60%
of all primary lesions were of high pigmentation and 40% were of low pigmentation.'” This is
significantly different from the percentages found in recurrent lesions of the same study population:
46 patients (39%) had exclusively pigmented lesions during follow-up, and 71 patients (61%) had
non-pigmented or mixed lesions at some moment during follow-up. Therefore, as recurrences are
more often lightly pigmented compared to primary lesions, the clinical observation that recurrences
are frequently amelanotic is confirmed. This finding can be postulated through two different
mechanisms: first, and most importantly, melanocytes of recurrent lesions may more often have
lost the ability to produce pigment compared to primary lesions. One could hypothesise that this
relates to an unfavourable melanocyte differentiation or unfavourable genetic status, which can be
expected with melanoma that recurs. Second, and to a much lesser extent, the higher percentage of
amelanotic recurrences compared to primary lesions may imply that amelanotic primary lesions are
overlooked. Once a melanoma is demonstrated, clinicians will be more cautious in the follow-up of

that patient, detecting possible amelanotic recurrences.

We hypothesised that tumour pigmentation in primary CoM may relate to genetic aberrations,
and this could similarly determine pigmentation of recurrences.'® Our clinical results show that
recurrences often resemble their original lesion, not surprisingly as they share a genetic background
and similar micro-environment, but they can also look different. In the 41 patients with a primary
lesion with low pigmentation, 16 (39%) developed recurrences with variable or high pigmentation.

In the 64 patients with a primary lesion with high pigmentation, 27 (42%) developed recurrences
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with variable or low pigmentation. It would be interesting to see how this relates to the genetic
profile. It was demonstrated by Larsen et al. that BRAF mutations are found more frequently in
non-pigmented compared to pigmented tumours.'® Also, it was demonstrated by Larsen et al. that
BRAF mutations can differ between precursor lesions and outgrowth of CoM;'® this may be similar
for the situation between primary CoM and recurrences. The BRAF mutation status could be
relevant for adjuvant treatment, as certain therapies target this specific mutation. Other mutations
that have been reported in CoM - besides BRAF - include mutations in NRAS, KIT, TERT and
NF-1."" The relationship between these mutations and clinical tumour pigmentation has not been
described. Griewank et al. reported an absent relation between histologically determined tumour
pigmentation and the occurrence of 7ERT mutations in 38 cases of CoM,' but this number may
be too small for a final conclusion. Unfortunately, we could not determine the BRAF or other

mutation status in our data set.

While the amount of pigmentation of primary CoM is related to metastasis and survival, this
was not the case for pigmentation of recurrences. We hypothesise that metastases often have an
eatly origin in patients with CoM, being more related to the primary lesion than to subsequent
local recurrences. This would be in line with tumour dormancy as thought to exist in metastases
of uveal and cutaneous melanoma® and is in line with some observations of CoM recurrence or
metastasis years after margin-free excision, implying that cells have spread already prior to primary
treatment.”*? In addition, the finding that pigmentation of recurrences is not related to clinical
outcome may indicate that while primary amelanotic tumours may occasionally be excised with
too small margins, recurrences are treated more heavily and adequately as clinicians will be more
aware. Based on our results, we do not advise to treat CoM recurrences differently based on their
pigmentation. It is emphasised to look for any aberrant lesion in an eye with previous CoM, and to

inform patients that recurrences may appear differently.

A strength of this study is the large number of CoM recurrences that were included. While primary
CoM has been described to a larger extent, data on recurrences is much more uncommon. As our
analysis was performed on a data set with previously recorded clinical parameters, some limitations
apply due to the availability of data. Unfortunately, data on tumour pigmentation was not available
for all patients. We do not believe that this has biased the results, as the recording seems to be an
administrative matter, with gaps in data being random, and is not related to the pigmentation
status. Apart from this, it may be that amelanotic recurrences were overlooked in patients, and that

the actual percentage of low pigmentation recurrences is even higher than currently reported.

A potential bias was introduced by categorising the pigmentation of all known recurrences per
patient into one value. By definition, the group of patients with ‘variable’ pigmentation has multiple

recurrences, in contrast to the groups of ‘always high pigmentation’ or ‘always low pigmentation’
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that also include patients with only one recurrence. We do not believe that this has influenced our
conclusion, as the expected bias would overestimate an effect for low pigmentation / variable lesions

on metastasis and death — and we detected no significant effect at all.

One might wonder whether the initial treatment of CoM relates to the pigmentation of recurrences.
‘The majority of patients who were included in this study received excision with cryotherapy as initial
treatment for the primary CoM. Other treatments included excision alone, topical chemotherapy,
brachytherapy (using various devices) and external radiation. We do not feel that our data allows for

a thorough analysis of all the various treatment combinations to adequately answer this question.

CONCLUSION

In short, we demonstrated that CoM recurrences are more frequently lightly pigmented compared
to primary lesions. Pigmentation of the original lesion corresponds to the pigmentation of a
recurrence, but deviations occur, and clinicians should be wary of any aberrant lesion in an eye
with previously diagnosed CoM. In contrast to primary CoM, no association was observed between
tumour pigmentation of recurrences and clinical outcome. Future research should explore the
genetic profile of primary lesions versus recurrences, as they may differ and this may be relevant for

treatment.
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Chapter 3.1

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 BAPI. 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

e 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.
e The presence of immune cells is important for the development and control of CoM.

e 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,"* it accounts for about 5% of ocular melanoma cases.** 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.® 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.”® 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,” and CoM and UM have distinct actiologies

and genetic backgrounds.'

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.'" Despite treatment, up to 66% of CoM patients may develop local

2 and up to 38% will die due to the disease within 10 years of primary treatment

recurrences,’
(Figure 2).%* Risk factors for metastases formation include a greater tumour thickness, non-
bulbar location, low tumour pigmentation, histologic ulceration, and local invasion.®'*'¢ 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.
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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."%]
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The genetic background of CoM is characterized by mutations in genes such as BRAE NRAS,
and 7ERT'7'® These mutations are common in cutaneous melanoma as well, and distinct from
the mutations that occur in UM, affecting e.g. GNAQ, GNA11, and BAPI. 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.” 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.”® 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,”" 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.?? Later studies found improved
survival for nivolumab treatment compared to dacarbazine chemotherapy.”® While the success of
immunotherapy is as yet limited in intraocular UM* (possibly because of the immune privilege
of the eye where tumour escape mechanisms hamper immune surveillance),” 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,”” 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."*>'? It is the
second most prevalent malignancy of the conjunctiva, after squamous cell carcinoma (also known
as ‘ocular surface squamous neoplasia, OSSN’).? CoM accounts for approximately 5% of all primary

ocular melanoma, being overshadowed by the far more prevalent UM.*> The incidence of CoM
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increases with age: CoM mainly affects patients from the fifth/sixth decade of life onwards," %

and is rare in children and adolescents.’’ 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).>3? For the USA and Europe, with a current population of 335

33,34

million and 740 million,**3* the overall incidence results into an estimated 130 and 320 new cases

of CoM per year, respectively.”*

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.>*® 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 s 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.> Recent work from Canada identified a higher incidence of CoM in the eastern Canadian
provinces, with presumably many inhabitants of European descent,’” 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.* 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.?® 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,’ USA;>* (Europe)
Finland," Sweden,> Denmark,*® Germany,” Ireland, UK, Netherlands, Norway, Czech Republic, Slovakia, Bulgaria,

Austria, Switzerland, and Italy;* (Asia) Korea;* (Australia).”

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). Illustrating different aetiologies
between CoM and UM, a significant higher UM incidence was observed for northern latitudes

6

compared to other latitudes in an American® as well as a European*! 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,* which is much higher than the 5% in an American data set.’ In the
American National Cancer Institutes 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.* 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. It is promising that awareness of CoM is increasing
globally: in recent years, this resulted in (a non-exhaustive list of) reports from China,** Taiwan,*

Japan,® South Korea,*% Nigeria,” and Mexico.*
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Time trends

The incidence of CoM has been rising during the last few decades (Table 1).!** Some studies
report stable incidences, but this may be due to limitations in study size or a short studied time
span. 323450 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.’ 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 2012.3° 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.> 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).?®

The increasing incidence of CoM follows observations from cutaneous melanoma, with increasing
numbers in the last decades in the USA’ and Europe!*°'. Similar to CoM, the increased cutaneous
melanoma incidence is believed to be due to increased UV radiation exposure (specifically

intermittent exposure),’” and is most pronounced amongst males.?

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.*** Specific analyses
show minor increases in UM, however, e.g. in the white population of the US,>* and in Canadians

over the last two decades.”

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.’ With an approximate
skin area of 1.7 m? for a human adult,’® and a conjunctival surface area per eye of 17.6 cm?” the
incidence of cutaneous melanoma can be estimated at 90 per million m* skin per year, and the
CoM incidence at 113 per million m? 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.” To illustrate the difference with melanoma of the choroid, with a
choroidal area approximating the retinal area of 1100 mm?°® and a choroidal melanoma incidence
of 4.3/million persons per year,’ the incidence of choroidal melanoma can be estimated at 1955
per million m? 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).

Conjunctiva

Iris
Choroid

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.” 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).® 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).¢'¢¢! 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.®?

The histological classification of PAM is under continuous debate.”” Grading PAM into ‘with’ or
‘without' atypia was proposed® 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.* This score is
increasingly being implemented. A consensus meeting for the most recent 4® 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’.® All three scoring systems were deemed suitable and comparable
in sensitivity, specificity, and accuracy; however, grading of low-risk lesions may remain difficult.®
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).° A range between 2 and 39%

has been reported, which may be due to difficulties in histologic examination.'>'*¢"” Conjunctival

60,68

nevi are quite common,*® and only rarely develop into melanoma: a large study from the USA
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found that 3 out of 149 conjunctival nevi (2%) underwent malignant transformation.®” 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.”

In about 11-26% of CoM cases, no precursor lesion can be identified; these CoM are considered to
have developed ‘de novo’ (Table 2).61%1661.67

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.”’ 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.”* 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,® 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 size PAM Nevus PAM and De Novo Unknown*
Study (cases) (%) (%) Nevus* (%) (%) (%)
Shields, 2011.¢ 382 74 7 19
Paridaens, 1994.%! 256 57 18 22 2
Missotten, 2005." 194 57 2 4 26 11
Larsen, 2015.'¢ 139 62 33 2 11
Tuomaala, 2002.! 85 61 30 8
Anastassiou, 2002.% 69 42 39 16 3
De Potter, 1993.7 68 56 26 18
Norregaard, 1996.%° 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.” 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)” at
locations where the pyrimidine bases (i.e. cytosine (C) or thymine (T)) are adjacent on the DNA (in
sequences of CC, CT, T'T; 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.”

UVA causes production of reactive oxygen species (ROS), and to a lesser extent of CPD’s.”” 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.”

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.”” 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.®
Additional effects of UV radiation on melanoma formation act via the immune system, as UV
causes recruitment of macrophages and neutrophils in skin lesions.*"*? 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,* and
increased numbers of CoM in recent years are particularly due to lesions of the bulbar (sun-exposed)
conjunctiva.** Though vitamin D synthesis (following sun exposure) has been proposed as a
protecting factor for cancer,*” 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.®*

In cutaneous melanoma, intermittent exposure and sunburn are of particular importance for
tumorigenesis, but cumulative exposure infers a risk as well;*> 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.% 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 damage®® showed
direct evidence for UV-mediated mechanisms in CoM. Griewank found 7ERT promotor mutations
in 12/38 (32%) CoM samples, all with the typical UV-related C>T and CC>TT changes.'® Later
work confirmed the presence of this typical UV signature in a genome-wide sequencing study of
two CoM™ and five CoM® 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;® 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.”” Interestingly, a recent study
found a UV signature in (sun-exposed) iris melanoma but not in posterior UM, 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.”” However, intermittent sun
exposure of the skin (compared to either chronically or non-exposed sites) has been related to

BRAF mutations.”® Similarly, CoM at sun-exposed bulbar sites more often have BRAF mutations

94



Tumour Genetics and Inmunology in Conjunctival Melanoma

than CoM at non-bulbar sites.’*® 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.”” 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.” Similarly, BRAF mutations are more frequently found in CoM lesions that originate

from conjunctival nevi,*® 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;®* 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,* 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.” 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,>* warranting further investigation.

Two main types of melanin pigment are reported in the eye: dark-coloured exmelanin, 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 colour” and blue iris colour®,
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 radiation”
and scavenging reactive oxygen species (ROS) and free radicals;”” pheomelanin can be involved in
DNA damage via UVA® and by itself via independent ROS formation.”® 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 function” and stimulates differentiation of macrophages into an M2

type

,1% 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,'!

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;'*"'%* this is in contrast with uveal
melanocytes that migrate into deeper mesoderm-derived tissues and do not transfer melanin.
Cutaneous melanoma'” and UM!"*!7 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,' it can
be hypothesized that melanocytes in the conjunctiva of patients with light-coloured eyes are more
prone to CoM development.” Indeed, as CoM typically occur in countries with an abundance of

people with light-coloured eyes, the role of melanin warrants further research.
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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.%]

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),"
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)." 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.” 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," nor for skin

type and prognosis.'%

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 carlier 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.'” 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.'® 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 (INRAS, 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.""! In
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the most common BRAF mutation, a glutamic acid (presented by ‘E’) substitutes valine (presented
by ‘V’) at the 600" amino acid, explaining the mutation terminology VG0OE."" Valine can be
substituted by lysine (presented by ‘K’) as well, resulting in V600K; even more rare substitutions
like V600M have been described.
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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, NFI mutations
cause upregulation of MAPK. The receptor tyrosine kinases (with possible mutations in K77) 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.!"?
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. P7EN 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.
NFI is a gene that encodes the neurofibromin 1 protein, an inhibitor of RAS that works through
GTPase activity.'”> Most mutations that occur in NFI are loss-of-function, causing upregulation of
RAS. One of the transmembrane RTKs is KIT (also known as ¢-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."'* Activating K77 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.'”® The telomerase reverse transcriptase (7ER7) gene encodes a catalytic subunit
of the telomerase complex that is involved in preservation of these telomeres. 7ERT promoter

mutations increase TERT expression, allowing for survival (‘immortality’) of malignant cells.''

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. Cutancous melanoma are
often classified according to their mutational status, resulting in groups of BRAF-mutated, NRAS-
mutated, NFI-mutated and triple-WT (wild type) melanoma.'” Several studies analysed the
presence of mutations in CoM (Table 3), resulting in the idea that the same categorization may
apply.""® Recent work suggests that the NF/-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.*

BRAF mutations

BRAF mutations were first detected in cutaneous melanoma, where they occur in more than half of
the cases.!"” 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.'** 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.”

Mutations in BRAF are observed in about a third of CoM,7*® and similar to cutaneous lesions,
the most common BRAF mutation is V60OE (in approximately 80%), followed by V600K (in
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approximately 20%).!73*1?! There may be racial differences in the occurrence of BRAF mutations,
as these were less frequently observed in Asians (8%) compared to Caucasians,* similar to what is

observed for cutaneous melanoma.'?

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.*® Additionally,
BRAF mutations are more often seen in CoM that originate from a nevus than those that originate
from PAM.'73

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.!”%

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;*® 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,'*"'** 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).'2"12*

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 NFI).'” The abundance of BRAF mutations in

conjunctival nevi parallels that of nevi of the skin, where a study reported these in 82%.'%

BRAF mutations are rare in PAM, either with or without atypia, and most studies observed no
BRAF mutations in PAM at all (Table 4)."?""* 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.®

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.”® 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.'”

BRAF mutations are less common in mucosal melanoma (other than CoM), with a likely frequency
of 4-8%.'%*12 BRAF mutations are not seen in UM of the choroid and ciliary body,'"***"! although

they have been described recently in iris melanoma in 1/30 cases (3%).'%*

NRAS mutations

In cutaneous melanoma, mutations in BRAF and NRAS are generally mutually exclusive, with
fewer than 1% carrying both."® NRAS mutations occur less frequently than those in BRAF, with a
frequency in cutaneous melanoma of 12-27%.133-13¢

In CoM, NRAS mutations are also mutually exclusive with BRAF,"” and occur with a frequency of
0-18%.'713% 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.''® Though
NRAS mutations are common in conjunctival nevi, with 39%,'* their occurrence in PAM is

unknown. There is no clear association between tumour origin and CoM /NRAS status.''

NRAS mutations are seen in 11-24% of mucosal melanoma other than CoM.!2%12%13¢ NRAS
mutations have not been reported in posterior UM, although (similar to what is seen for

BRAF) they may be encountered in iris melanoma (reported by one study in 3/10 cases'®?).

NF1 mutations

In cutaneous melanoma, NFI mutations are common (occurring in 12-14%) being the third most
frequent mutation after BRAF and NRAS; often NFI co-occurs with either of these.!"”'? NFI

133 and NFI-mutated cutaneous melanoma

mutations in the skin are associated with UV exposure
have a high mutational load (compared to BRAF/RAS/triple-WT),"*® which may imply that they
are more sensitive to immunotherapy (as was shown for anti-PD-1 therapy in cutaneous melanoma
patients'®). In cutaneous melanoma, patients with VFI-mutated lesions have a worse survival than

those with BRAF/RAS mutations.'*® All of this makes NF1 an interesting gene.

NF1 mutations are indeed frequently observed in CoM and occur in 33%,'"® however (possibly due
the smaller numbers studied) they are not associated with clinical characteristics or prognosis.''® To

our knowledge, IVFI status is unreported in precursors of CoM.

In mucosal melanoma, NFI mutations are readily observed with a frequency of 18-37%.'%1% 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%).'4!
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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.'*> Commonly, K77 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, 71414 demonstrating similar rarity. Immunohistochemical staining of KIT occurs in
about 50% of CoM, but this showed no correlation to mutational status.'*® K77 mutations are seen
more often in CoM in Asians (11%) compared to Caucasians,* which concurs with the finding of
a lower BRAF frequency. KI7T mutations are absent in conjunctival nevi, and rarely seen in PAM

with atypia,'® however little data are available.

KIT mutations are more common in acral and mucosal melanoma (23 and 16%, resp.,'** and some
p
studies even report up to 40%. While they were initially unreported in UM,"** later reports found

up to 9% in choroidal lesions,'* and 7% in iris melanoma.'*

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 VNRAS mutations (and thus concurrent with BRAF mutations).

PTEN loss is commonly observed in cutaneous melanoma (65%),'*> and recent work showed that
it was associated with worse survival, possibly by helping immune evasion."® 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.!¥” Several other mTOR-related proteins in CoM
were associated with a high mitotic rate and thicker lesions, however."*® Nuclear PTEN loss was
observed more frequently in CoM than in conjunctival nevi,'¥” suggesting an important role in
melanoma development. This was similarly seen in cutaneous melanoma versus nevi.'#

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

(10%) iris melanoma.'??

TERT promotor mutations
TERT promotor mutations (further referred to as ‘7ERT mutations’) are found in approximately

150,151

30% of primary cutaneous melanoma lesions. 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.' Increased TERT activity relates to worse
prognosis in cutaneous melanoma, but the role of either 7ERT mutations or TERT expression (not

necessarily coinciding) is unclear.”?

Very similar to the observed rates in the skin, 7ERT mutations are present in 32-43% of primary
CoM.!8116153 T 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).'®!>* The absence of a relation between 7ERT mutations and tumour
location is remarkable, as 7ERT mutations in CoM show C>T or CC>TT nucleotide changes,'
demonstrating a UV signature,* 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.'®

TERT mutations are not found in conjunctival nevi or PAM without atypia.’® A small number,
2/25 (8%), of PAM with atypia carried the mutation, however."® 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 7ER7 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.'™

TERT mutations are rare in mucosal melanoma, with a range of 6-8%.'*!> Presumably, this relates
to the tumour locations, often lacking exposure to UV. Similarly it may be no surprise that 7ERT'
mutations are very rare in UM: several studies report on a total absence,'®"! but they are found
sporadically (in 1/102 cases,' and 1/50 cases').

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/I11, BAP1, SF3B1 and EIFIAX (extensively
reviewed by Smit et al.’?). 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,"' and YAP1.""!%
The GNAQ/11 gene is mutated in nearly all UM,""">” and mutations are seen already in uveal
nevi.'® GNAQ/I1 mutations are absent in CoM," other mucosal melanoma,” conjunctival nevi

and PAM.'>1' 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.'* GNAQ/I1 mutations are

absent in cutaneous melanoma, but individual cases have been reported in chronically sun-damaged

skin."?

Other mutations in UM that are important for tumour progression occur mainly in three genes:
BAP1, SF3BI, and EIFIAX, which were reported in 43%, 26%, and 21% of primary UM,
respectively.!” Mutations in BAPI are related to the worst prognosis and these tumours often
metastasize within a few years.'®> BAP1 immunohistochemistry (IHC) is nowadays commonly

applied to assess BAPI, as a prognostic factor in UM.!®

BAPI (located on chromosome 3) was discovered a decade ago,'** 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;'® loss of BAP1 expression has

166

been linked to increased inflammation'® and angiogenesis in UM,'*” but much about its function

remains to be unveiled.

Different from what is seen in posterior UM, BAPI mutations sporadically occur in iris melanoma
(3%)'** and are uncommon in melanomas other than UM. They are practically absent in acral,
muCOSa[, and cutaneous melanoma, though they may occur in cutaneous melanoma laCking

168 Remarkably however, only few studies exist on sporadic BAPI mutations

chronic solar damage.
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.'®

Even so, BAP1 loss is not observed in conjunctival lesions, and its status is not commonly assessed.®

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 22.178889171-173 The most frequently reported CNA is 6p amplification, which
has been reported in up to 61% of CoM."
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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

NRAS

TERT

NFI

GNAQ

GNAI11

BAPI

4115 (27%) 134
3/21 (14%) °
23/78 (29%) V7
2/5 (40%) '
5122 (23%) '
11/31 (35%) '
10/39 (26%) '*!
39/111 (35%) *
4/53 (8%) ** *1

0/11 (0%) '3
14/78 (18%) V7

1/13 (8%) "
0/5 (0%) '*
0/42 (0%) 7
0/8 (0%) '
6/53 (11%) “*1

12/38 (32%) '
16/39 (41%) 3
20/47 (43%) ¢

21/63 (33%) '8

0/39 (0%)
0/4 (0%) !
0/11 (0%) '
0/9 (0%) *?
0/12 (0%) *°

0/39 (0%)
0/9 (0%) *°
0/12 (%) *°

0/5 (0%) *

16/44 (36%) 7
398/774 (51%) '
115/253 (46%) 12
166/318 (52%) 17
871217 (40%) ¢
82/213 (38%) '»

3/10 (10%) without CSD
22/40 (59%) with CSD

7160 (12%) 1%
1/27 (4%) %7
20/114 (18%) 1%
53/217 (24%) 3¢
58/213 (27%) '3

1/58 (2%) '*
0/18 (0%) without CSD % *3
5/18 (28%) with CSD 4> *3

16/56 (29%) !
27177 (33%) '*°
131/194 (68%) 2

26/213 (12%) '*
45/318 (14%) '

0/15 (0%) without CSD 3!
1/27 (4%) with CSD 3!
1/74 (0%) with CSD '

0/90 (0%) without CSD '

0/74 (0%) with CSD *
0/90 (0%) without CSD '

0/15 (0%) with CSD '8
2/15 (13%) without CSD ¢

0/88 (0%) '*°
0/62 (0%) ¥
0/48 (0%) 1"
0/23 (0%) 'V
1/30 (3%) iris '*

0/47 (0%) 17
0/48 (0%) '
3/30 (10%) iris '3

0/60 (0%) '
6/64 (9%) chor+CB %
2/6 (33%) iris '
2/30 (7%) iris '*

0/47 (0%) '*
0/25 (0%) 1!
1/50 (2%) °
1/102 (1%) 1%
1/38 (3%) 14!
0/24 (0%) '7°

12/27 (44%) '
22/48 (46%) !
48% ' *4

349% 1 *5

13/33 (39%) '
35174 (47%) '
1/30 (3%) iris 2 *6

0/26 (0%) '
1/6 (17%) >
2/56 (4%) '
0/45 (0%) '3
6/71 (8%) '*

8/56 (14%) '8
9/37 (24%) '
8/71 (11%) 122 *2

15/38 (39%) '
2/56 (4%) *

7145 (16%) 13
9/19 (47%) '*
5171 (7%) '*

4/71 (6%) '
4/49 (8%)

13/71 (18%) '
7119 (37%) %

0/14 (0%) '
0/28 (%)

0/28 (0%) *

0/15 (0%) '

Abbreviations: CSD, chronic solar damage; Chor, choroidal; CB, ciliary bod.

*1 In contrast to many other studies, this work includes an Asian population.”
*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%).'%
*3 Note the marked difference in KIT frequency between CSD and non-CSD lesions."*
*4 Any GNAQ mutation in 48%, consisting of Q209 in 73/163 (44.8%), and R183 in 4/145 (2.8%)."’

*5 Any GNA11 mutation in 34%, consisting of Q209 in 52/163 (31.9%), and R183 in 3/145 (2.1%)."”’
*6 BAPI immunobistochemistry loss in 9/30 (30%) cases.'>?
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Table 4. Prevalence of genetic mutations in precursor lesions of CoM.

Conjunctival Nevi PAM without atypia PAM with atypia
Cases (%) Cases (%) Cases (%)
BRAF 14/28 (50%) 124 0/11 (0%) ' 0/4 (0%) 4
13/23 (56%) '» 0/17 (0%) '*! 0/13 (0%) '*!
15/35 (43%) '* 2/8 (25%) *° *1

7137 (19%) !
9/12 (75%) ** *1

NRAS 9/23 (39%) '» N.A. N.A.
KIT 0/5 (0%) N.A. 1/3 (33%) '
TERT 0/56 (0%) >3 0/14 (0%) >3 2/25 (8%) >3
NF1 N.A. N.A. N.A.
GNAQ 0/29 (0%) ¢! 0/7 (0%) 61 *2 0/7 (0%) 61 *2
0/23 (0%) '» *3
GNAI1I N.A. N.A. N.A.
BAPI1 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.'®

The observed CNAs in CoM resemble those in cutaneous melanoma.”® And similar to what is seen
in cutaneous melanoma,'” CNAs in CoM were observed more frequently in BRAF/NRAS-wildtype
tumours.”” CNAs in CoM are distinct from observations in UM where loss of chromosome 3
(which includes the BAPI gene) occurs frequently and is related to the development of metastases.'*4
Other alterations that are frequently observed occur in chromosomes 8q and 6 (reviewed by Jager
etal., 2020.%).

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."”" Genes encoded by
the 10q region are SUFU, NEURLI1, PDCD4, and C100rf90 (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;'”' 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 BAPI-
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.'”
Despite suggestions from earlier reports,'”® 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.”” 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) NFI gene.'”® 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,'”®
although others state that the risk is not above chance,"” 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.'®'® It remains controversial whether NF1-disease predisposes to UM.!%

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,'" which is clearly above chance alone, and once
UM develops, these patients have an increased risk for metastases.'®® Several cases of cutaneous

melanoma have been reported in relation to a nevus of Ota,'¥

including detrimental melanoma
with orbital invasion,'®® 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,"! explaining a relation to blue nevi and UM rather than to cutaneous

melanoma or CoM.

The BAPI tumour predisposition syndrome leads to increased risks for several malignancies,
including UM' an to a lesser extent cutaneous melanoma.'®® There has been a report on a patient
with the BAPI 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.'”

miRNA
Micro-RNA (miRNA) is a class of small non-coding RNA that can regulate gene expression post-

transcriptionally.””! 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.”!

The first analysis of miRNA in CoM was presented by Larsen et al.””? 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.”” 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.!” 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, NFI1, 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 BAPI.
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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, 7ERT mutation
presence was identified as an important factor,''® as was loss of chromosome 10q,'”" 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.

199195 The immune system may

Inflammation is therefore considered one of the hallmarks of cancer.
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 cumour cells when they recognize a
specific antigen, presented via HLA Class I on the tumour cell membrane."”® 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
(ICT’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).* Later, in 2014, monoclonal antibodies
against Programmed cell death protein 1 (PD-1) followed, when nivolumab and pembrolizumab
were approved by the FDA.?*'?” 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.'”® Macrophages
can be of an M1 or M2 subtype (though this should be considered as a spectrum), with different
receptors, effector functions and chemokines.'” 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.”” 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,'”” which was demonstrated
in cutaneous melanoma, CoM,** as well as in UM.?"! M2 type macrophages are notably linked to

201-203

increased tumour angiogenesis in several melanomas, 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,'” 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.*** Antibodies have a great target specificity, and B
cells may support immune responses of other cells, such as T cells. Several different 7" ce// types can
be identified, such as the already mentioned CTLs, which express marker CD8. These CD8+ T cells
can kill tcumour 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: 751 and 752 help the anti-tumour response by stimulating CD8+ T cells via
the production of IFN-gamma, Transforming Growth Factor (TGF)-beta and IL-2.2% Th1 cells can
activate macrophages and help with the maturation of dendritic cells."® 7" 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.?*® A cell
type with a broader reactivity is the Nazural Killer (NK) cell. NK cells are able to kill cells that lack
HLA Class I expression, or that express NK-activating ligands.?”” They are the effector cells of the

innate immune system, but also interact with adaptive responses of the T and B cells."

Tumour infiltrate in CoM

The first reports on inflammation in CoM date back to the second half of the 20 century.?***” 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,*'® and some studies likewise identified a significant association between the
presence of infiltrate and better survival in CoM (Table 5).202!!

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%).2%¢

Several studies found no relation between the presence of infiltrate in CoM and prognosis.?®2!2!3

Others did find such an association,” including Folberg, who studied the #hickest 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.?!!
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.?!4
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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.?"> 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.?' 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).** All samples demonstrated infiltrate, again in
varying amounts. Epibulbar (or ¢T1) lesions showed higher numbers of CD3+CD8- (i.e. Th) cells
compared to non-bulbar (or ¢T2) 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 CTLs, 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.?

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.?'”*'8

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.,*°

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).?® [An illustrative

review on the history of TIL research was presented by Mihm et al.??'].
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Clark noted that the absence of TILs was related to a worse survival in cutaneous melanoma.*
Later studies were contradictory: immune infiltrate was often related to unfavourable tumour
characteristics, but not uniformly to worse survival.??*?%

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, 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.??

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.?

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).?”> 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+CDS8-
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

pm, and of H&E images is 50 pm. [Figure re-used from Cao et al. 2017 with permission.*’]
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Chapter 3.1

UV radiation was found to influence the immune infiltrate in cutaneous melanoma lesions, by
recruiting macrophages and neutrophils.®"#? 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 CCL8.5 Even
so, neutrophils stimulate angiogenesis and promote migration of melanoma cells towards blood

vessels.®!

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.”?* By this remarkable position, UM provides an example of immunologic
Jfailure 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.”??? Even so TAMs are related to a higher vascular density.'2"2%% FoxP3+ cells
(Tregs) were identified relatively recently in UM, and while the prognostic significance needs
further study, the presence of intratumoural Tregs has been related to a poorer clinical outcome?’

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).?®' 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,?* 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

209,211,214

prognosis. 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

1.200215:216 Tiyo recent works (by Tuomaala and Cao) identified an inverse

association with surviva
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
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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).?*?

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,*” cutaneous
melanoma,”” and UM.?? 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.

Conjunctival Melanoma Cutaneous Melanoma Uveal Melanoma
Presence Clinical Clinical Clinical
of: characteristics ~ Prognosis  characteristics ~ Prognosis  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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Chapter 3.1

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).23 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.?> 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.”*

Some HLA alleles, as HLA-B27, are strongly related to the development of specific diseases.?*

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”))®” is a mechanism to escape immune surveillance, and has been associated

with worse survival in many malignancies, including cutaneous melanoma.?*

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 1.2

Expression of HLA Class I on CoM

HLA Class I expression in CoM was studied by Cao etal. in 23 samples using immunofluorescence.”’
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.?*

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.?*! 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, NLRCS5, and the Transporters associated with Antigen
Processing TAP1 and TAP2.2%

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.* 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 CRMMI1 had lost its HLA-A2 cell surface expression and cell line CRMM2 its HLA-B44

expression.”®

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

238,243,244

lesion thickness, and a longer time to disease progression and longer survival.”® Even so,

metastases have a lower HLA Class I expression compared to primary lesions,**2% and HLA
expression is favorably associated with tumour regression.?%

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.?

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-BG62 allele was

248

related to reduced survival. This can have implications for the design of future trials,**® 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, CDG68),?"42# but it is associated
with unfavourable tumour characteristics, such as monosomy 3 and decreased prognosis.***** This
led to the hypothesis that NK cells are specifically important for tumour surveillance in UM, %!
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,*” 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
Ca0.”’ 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).%? 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 (PFES)
than chemotherapy (dacarbazine).?? Both nivolumab®? and pembrolizumab'” 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).>% 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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HLA-I TCR

Melanoma

A VmAb mAb

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-LI
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),”* nivolumab (anti-

256 Even

PD1),” ipilimumab (anti-CTLA4) and nivolumab + ipilimumab combination therapy.
so, a melanoma type with little PD-L1 expression (UM)*7*® shows little response to checkpoint
inhibitor therapy.** 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.? 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.?

Adding to the debate on the usefulness of PD-L1I 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.” In addition, PD-L1 expression may vary over time.?!
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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.?** 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).2% 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.?"”

)200219 is somewhat less than

The reported PD-L1 expression on CoM tumour cells (up to 19%
reported in cutaneous melanoma (30-35%)%%%. 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.”® PD-
L1 expression on CoM is higher than on other mucosal melanoma (sino-nasal, vaginal, rectal).”
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.%°

PD-1 expression has not been identified on CoM tumour cells, but is expressed on T cells in 17
(63%)** and 15 (23%)?" 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.

263 Tn vitro

IFN-gamma is known to enhance PD-L1/PD-1 expression in cutaneous melanoma.
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.?* This is similar

to findings in cutaneous melanoma.?®
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Alimitation to studies regarding PD-L1 in CoM is the small size of tissue samples. PD-L1 expression

can be quite heterogenous within samples?**

and it is not known how a small sample represents the
PD-L1 status of the tumour as a whole.”” 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).”> Even so, combining checkpoint inhibition with other interventions such as

radiotherapy may be beneficial, as is currently attempted in UM.’

B § HMB45/MART-1

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.*]

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 radiotherapy?® or photodynamic therapy in preclinical models.*® 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 insra
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

disecase is commonly treated by surgical excision using a ‘no touch technique’ and adjuvant

therapy. uvant thera includes cryothera with a ouble freeze-thaw technique 5
herapy.! Adj herapy includes cryotherapy (with a “double freeze-thaw” technique’)

28 or interferon-alfa®”), and / or radiotherapy.

topical chemotherapy (such as mitomycin-c drops
For radiotherapy several techniques exist of external radiotherapy or brachytherapy using plaque

or handheld applicators).?””**”! 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.”’? Widespread lesions require a more extensive approach, with extensive surgery,

radiotherapy,”? and ultimately even orbital exenteration."

'The approach to adjuvant therapy varies between institutions, as no data supports superiority of
either, and availability differs.""*’#?”> Most authors include cryotherapy to conjunctival margins
by default, as part of the surgical procedure presented by Shields et al.;*” 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.?”®
Radiotherapy is well-accepted for incomplete margins, topical chemotherapy can be applied for

concurrent (and widespread) PAM.'3>

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.'>”!

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.'>”” In CoM, the lymph nodes are often believed to
be the first site of metastasis; systemic metastases may develop independently as well.’*#”7 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.”’® There is debate on the position of SLNB in CoM management,*”
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.* Most often, guidelines from cutaneous
melanoma are followed, e.g. as presented in the European guideline for melanoma.?®! 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 Roche?®) versus dacarbazine chemotherapy in metastatic disease in previously
untreated cutaneous melanoma patients with a BRAF V600E mutation." Later, other inhibitors

282)

were introduced as well (i.e. dabrafenib (trade name: Tafinlar, Novartis®®?), and recently encorafenib

(trade name: Braftovi, Array Biopharma®).

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.%%
vemurafenib Zelboraf 960 mg, twice daily oral FDA, 2011.%

encorafenib Braftovi 450 mg, once daily oral** FDA, 2018.2%

MEK inhibitors trametinib Mekinist 2 mg, once daily oral FDA, 2013.2%
cobimetinib Corellic 60 mg, once daily oral FDA, 2020.%%¢

binimetinib Mektovi 45 mg, twice daily oral** FDA, 2018.%%

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,** NF1,
or ERK,”" and downregulation of PTEN;*" it has recently been linked to upregulation of other
pathways such as YAP1%>* and even PD-L1,* 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, Genentech?®) were
superior versus vemurafenib alone.”” A similar result was reported when dabrafenib (BRAF
inhibitor) and trametinib (MEK inhibitor; trade name: Mekinist, Novartis*®*) were combined

6

versus dabrafenib alone®® or versus vemurafenib alone?”. Recently, binimetinib (trade name:

287) has been introduced as well.

Mektovi, Array Biopharma
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 BRAFinhibitors and a MEK inhibitor.'?! The two BRAFinhibitors (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, CRMM?2 (with an NRAS mutation, no BRAF mutation); an effect that was later confirmed
by El Zaoui et al.'?® 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.'?!

Reported cases of targeted therapy in ColM.

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.”® 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,"” 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).?”” 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.>® 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.*! 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.***

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.’”® Though
promising, alonger 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).** 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/IMEK 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).2¢

AEs of BRAF inhibition in cutaneous melanoma patients were most commonly arthralgia, rash,
photosensitivity, alopecia, fatigue, or diarrhoea.'”***¢ 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)."” 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.’”

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.?

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,’®! and development of arthralgia, diarrhoea, and rash caused vemurafenib dose reduction in
another.*”” One patient who was on dabrafenib plus trametinib developed nausea and vomiting that
urged a switch to another drug.’*® 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 + Dabrafenib +
Vemurafenib* Cobimetinib* Dabrafenib** Trametinib**
Any Any Any Any
grade 23 grade 23 grade 23 grade 23
(%) (%) (%) (%) (%) (%) (%) (%)
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 111 trial, study group vemurafenib n=246, cobimetinib+vemurafenib n=247.%
**Phase 111 trial, study group dabrafenib n=211, dabrafenib+trametinib n=209.>°
#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 VGOOE WT Nareyeck, 2005.%%
CRMM2 wWT Q61L Nareyeck, 2005.3%
CM2005.1 V600E wT Keijser, 2007.3"
T1527A G466E wT HRAS Q61R El Zaoui, 2019.'%

Abbreviations: WT, wildgype.

¢-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 K77" mutation, explaining the
sensitivity to this drug.®®® The ¢-KIT inhibitor imatinib showed a response rate of 16 to 29%
in phase II studies of metastatic (cutaneous) melanoma harbouring KI/7 alterations.**3'" The
alteration type is very relevant, as metastatic patients with a X/7" mutation showed a response rate
of 54%, while those with K77 amplification showed a response rate of 0%.%'" Since K/7 mutations
are rare in CoM, imatinib (or other drugs with K77 inhibitory effects, such as sunitinib, dasatinib
and nilotinib that are currently all in phase 2 studies in melanoma)''* 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.””” ERK1/2 can be inhibited by ulixertinib

312 and that showed an

(BVD-523), a drug that showed potential in preclinical melanoma models,
acceptable safety profile and evidence of activity in solid tumours including melanoma in a phase I
study.’® 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 VNRAS-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.

PI3BK/IAKT/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.

123

The therapeutic potential follows increased activity in CoM compared to conjunctival nevi,'* and

also in CoM compared to UM.'#

135




Chapter 3.1

Cell proliferation of three CoM cell lines (harbouring either a BRAF or INRAS mutation) could
be inhibited by AKT inhibition using MK2206."?' 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.'*® 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 (/VRAS 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.’'* 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-W'T

melanoma (including 3 UM) and therapy was not well tolerated.’

TERT

The abundance of 7ERT mutations in CoM poses an opportunity for treatment. Reverse
transcriptase inhibitors, e.g. azidothymidine, can target 7ER7 mutated tumours by targeting
reverse transcriptase activity.’’® Other approaches include a telomerase inhibitor, such as Imetelstat
(GRN163L)."" 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.’”” 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.’'®

Cao et al. found that EZH?2 is not expressed on melanocytes of normal conjunctiva or PAM, but
was expressed in 13/26 CoM lesions and 7/8 lymph node metastases.’" 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 gpl100 in unresectable stage III or IV
cutaneous melanoma patients (overall survival 10.1 months versus 6.4 months).”? 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).*** 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.'’ 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%).%*! 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.?

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.*>

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,%%3?? but the first
reports on checkpoint inhibitors in CoM appeared in the literature from 2017 onwards.?>32324
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

325

reports on ipilimumab (trade name: Yervoy),*” pembrolizumab (trade name: Keytruda),’** and

nivolumab (trade name: Opdivo).*”” 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, 2020.5»
Anti-PD-1 nivolumab Opdivo 240 mg iv, every 2 weeks FDA, 2020.5%

(or 480 mg every 4 weeks)
pembrolizumab Keytruda 200 mg iv, every 3 weeks FDA, 2020.%%

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.**® A similar

favourable response to pembrolizumab single therapy was seen for an extensive in-situ lesion (F,

53).%

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.’??

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.**> 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.’”

Finger noted that local IFN-alfa seemed to synergize the effect of PD-L1 inhibition.*”> IFN-alfa

on itself has been used longer to treat malignancies (with a small survival benefit in cutaneous
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melanoma patients),??

and also ocular malignancies, including ocular surface squamous neoplasia
(OSSN)?#33% and CoM*!332, TFN-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.”?% 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;*
however, this study needs further evaluation. As Cao showed, PD-L1 and PD1 could be upregulated
on CoM cell lines through IFN-gamma.?* 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.?**”” 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.’ One patient, with systemic and lymph node metastases, received
pembrolizumab single-agent therapy, with a near to complete resolution.*”* 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.**

Four patients received more than one type of checkpoint inhibitor.?*32** QOne 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.’*

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.”” 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.?
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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.’*

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.*® 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.?>**%¢

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”.*
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.’*
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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).?>!?7-2°¢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.>!
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.!?”2>¢

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)*** and even of choroidal

nevi in the fundus.’*

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

Nivolumab* Ipilimamab* 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% 12 % 11% /0.4 %

Abbreviations: AE, adverse event.

*Phase 111 trial, CheckMate 067 report. Study group nivolumab n=316, ipilimumab n=315, nivo+ipi n=314; Hodi et
al.,2018%°

**Phase 111 trial, KEYNOTE 006 report (with an every 3-week dosing scheme). Study group pembrolizumab n=277;Robert
etal., 2015.77

***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."””*¢ For ipilimumab single-agent therapy, adrenal
insufficiency,** hepatotoxicity,”® and fatigue®®® have been reported. With nivolumab single-agent

6

therapy, elevated liver enzymes,®® diarrhoea,®® colitis,” and an infusion reaction’® 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.’** The combination of ipilimumab + nivolumab led to
hepatotoxicity, colitis and pneumonitis,®*? and pituitary failure.”” 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 patients®* and after anti-PD1 treatment in 1.6% of patients*”.
Ocular irAEs mostly include uveitis, orbital inflammation, dry eyes, and blurred vision,*#3% as
recently reviewed by Dalvin et al., 2018.>’ Rare events include Vogt-Koyanagi-Harada (VKH)
syndrome with serous retinal detachment,*® or ocular rosacea.** Most ocular irAEs can be treated
with topical corticosteroids, and only rarely systemic therapy is required.”” Notably, immune
checkpoint inhibition may be associated with site-specific metastases, as remarkable cases of vitreous
metastases of cutaneous melanoma were reported.”"*2 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. ¢-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) K77 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 K/7. 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.®” 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-LI, 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.** 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,”” 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.'* 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 BRAE NRAS, NFI, 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-LI.

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-PDLI 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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ABSTRACT

Conjunctival melanoma (CM) is an infrequent but potentially lethal malignancy, with limited
therapeutic options for metastases. Recent inhibitors of the interaction of programmed cell
death protein 1 (PD-1) and its ligand PD-L1 are associated with good clinical responses in many
malignancies. To investigate the therapeutic potential of targeting the PD-1/PD-L1 axis in CM, we
analyzed the expression of PD-1 and PD-L1 and the density of various types of tumor-infiltrating
lymphocytes (TILs) in primary CM (n = 27), using immunofluorescence staining. Results were
compared with clinical parameters and outcome. Flow cytometry was exploited to determine the
PD-L1 and PD-1 protein expression in conjunctival and cutancous melanoma cell lines. PD-L1
expression was identified on tumor cells in five (19%) primary CM and on stromal cells (mainly
CD68+CD163+ M2 macrophages) in 16 (59%) cases. PD-L1 expression on tumor cells was
associated with the presence of distant metastases and a worse melanoma-related survival. PD-1
expression was seen in 17 (63%) cases, all of which were T2 stage tumors. Small tumors had a
higher density of TILs than large tumors. The density of TILs was not correlated with survival,
tumoral/stromal PD-L1 or PD-1 expression. In vitro results showed that most CM and cutaneous
melanoma cell lines do not constitutively express PD-L1. However, expression could be upregulated
after interferon gamma stimulation. Our findings suggest that blocking the PD-1/PD-L1 axis

should be evaluated as a treatment for CM.
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INTRODUCTION

Conjunctival melanoma (CM) is a rare ocular malignancy, accounting for 5% of all ocular
melanoma.' CM is a subtype of mucosal melanoma, which is possibly associated with ultraviolet
light exposure.” The incidence in Caucasians has risen in the last few decades to 0.8/million.> CM
arises from melanocytes in the conjunctiva, often presenting as a brownish lesion on the eye. Most
frequently, CM develops in primary acquired melanosis (PAM) (up to 74%), and less frequently in
a nevus (7%) or de novo (19%).* Treatment of primary CM generally consists of wide local excision
followed by adjuvant treatment with either cryotherapy, brachytherapy, or topical chemotherapy.’
Radical surgical procedures like exenteration are reserved for the most advanced stages.” The local
recurrence rate is high, and may reach 60% in patients after 5 years, with a 5-year melanoma-
related death rate of 14%.° Treatment options for metastasis of conjunctival melanoma are currently

limited.

Recently, immunotherapies aiming at immune checkpoint pathways, such as cytotoxic T lymphocyte
antigen 4 (CTLA-4) and programmed death 1 (PD-1), have been successfully exploited in the
treatment of metastases of different malignancies and have led to long-lasting clinical responses.”
Both CTLA-4 and PD-1 are upregulated on the surface of activated T cells and can bind to their
respective ligands: CTLA-4 binds to B7 on antigen-presenting cells (APCs), and subsequently
prevents the delivery of co-stimulatory signals and therefore the activation of T cells. PD-1 on T
cells binds to the programmed death ligand 1 (PD-L1), a major PD-1 ligand which is present on the
cell surface of tumor cells and macrophages, and functionally impairs the activated T cell, thereby
preventing it from mounting an effective immune response against tumor antigens. Monoclonal
antibodies that inhibit the interaction between PD-1 and PD-L1 block this inhibitory function and
have led to improved survival in patients with metastases of cutaneous melanoma, colorectal cancer
and non-small cell lung cancer.®'

CM in many ways resembles cutaneous melanoma, suggesting that patients with CM metastases
might also benefit from treatment with anti-PD-1/PD-L1 agents. PD-L1 expression determined
by immunohistochemistry (IHC) on tumor cells is thought to be a potential biomarker predicting
the sensitivity of anti-PD-1/PD-L1 treatment.'""> Whether blocking the PD-1/PD-L1 axis will be
an effective therapy for CM may therefore depend on the PD-1/PD-L1 expression status of CM.
To further elucidate the role of the PD-1/PD-L1 axis in CM, and its potential interrelationship
with the tumor microenvironment, we studied PD-1/PD-L1 expression and the presence of tumor-
infiltrating lymphocytes (TILs) in a cohort of primary CM, and compared expression and (co)

localization of these factors to clinical and histological characteristics.
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RESULTS

Patient characteristics

We studied primary CM from 27 patients who had been treated at the LUMC between 1996 and
2014 (Table 1). Fifteen (56%) patients were female, and 14 (52%) were over 60 years old. The
epibulbar localization (n = 20) is comprised of limbal (n = 16) and bulbar conjunctiva (n = 4). The
non-epibulbar localization (n = 7) includes tarsal, forniceal and caruncular conjunctiva. The clinical
TNM stage was T1 in 20 (74%) and T2 in 7 (26%) cases. Two (7%) of the patients underwent
surgical excision alone as primary treatment, three (11%) excision with cryotherapy, one (4%)
excision and mitomycin C, 16 (59%) excision and subsequent brachytherapy, one (4%) external
beam radiation, and four (15%) were treated by exenteration. The median follow-up time was 46
months (range 3—247 months). Eleven (41%) cases developed local recurrences. At the end of the
follow-up period, four patients had died from CM metastases, two from unknown diseases without

any signs of metastases, and 21 patients were alive.

Expression of PD-L1/PD-1 and TiLs in CM

We determined PD-L1 expression on sections of 27 CM that were co-stained with HMB45/
MART-1 antibody. The combination allowed us to distinguish between PD-L1I expressing tumor
cells versus non-tumor cells. The PD-L1 positive non-tumor cells were mainly comprised of

macrophages, similar to what has been described previously.'4

Using a cut-off value of 5%, tumoral and stromal PD-L1 membranous expression was identified
in five (19%) and 16 (59%) CM sections, respectively, as illustrated in Figure 1 and Table 1. One
tumor showed 30% tumoral PD-L1 expression, while the other four cases had between 5-10% of
the tumor cells expressing PD-L1. Published cut-off points used to define PD-L1 positivity vary
from 1% to 50%." As only one sample had sporadic PD-L1 positive tumor cells (1% to 5%) in our
cohort, we decided to use 5% as cut-off point for comparisons. PD-L1 expression in stroma was
seen more often in patients over 60 (p = 0.03), while positive PD-L1 staining in tumor areas was
associated with the development of distant metastases (p = 0.01). Kaplan-Meier analysis and log
rank testing similarly showed that PD-L1 positive staining in the tumor was associated with a worse
melanoma-related survival (p = 0.045; Figure 4). Furthermore, to better understand the nature of
PD-L1 positive cells in stroma, we stained sections from seven CM that contained PD-L1 positive
stromal cells with anti-PD-L1, CD68 and CD163 antibodies. We observed that PD-L1 positive
stromal cells were mainly CD68+CD163+ cells (Figure 2).
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Figure 1: PD-L1 expression in primary CM as determined by IF analysis. (A) Positive membranous PD-L1 (red)
staining in the positive control, human tonsil tissue. (B—D) Representative images of HMB45/MART-1 (B, green,
cytoplasmic/membranous), PD-L1 (C, red, membranous) and double staining (D) with DAPI (grey), show that PD-
L1 is expressed on CM cells. (E-G) PD-L1 is expressed on HMB45/Mart-1 negative stromal cells. Scale bar is 20pum.

White arrows indicate the positive cells.

175



Chapter 3.2

PD-1 expression was localized on the membrane of T cells (Figure 3), and was seen in 17 (63%)
CM samples. All tumors at T2 stage were PD-1 positive (p = 0.03). Absence of PD-1 tended to
correlate with less local recurrence (p = 0.12). A prior study on cutaneous melanoma showed that
those melanomas often harbor intrinsically PD-1-positive tumor cell subpopulations;'® however, we

did not find positive PD-1 staining on the tumor cells themselves.

In order to see whether specific types of infiltrating leukocytes contributed to PD-L1 and PD-1
expression on tumor cells, we determined the presence of different subsets of T cells and myeloid
cells in the same CM, by performing immunofluorescence (IF) staining according to previously
described techniques:'® we measured the numbers of CD3, CD3+CD8+, CD3+CD8-, CD3+CD8-
Foxp3+ and CD3+CD8-Foxp3- T cells, and CD68 (macrophages) and CD68+CD163+ (M2
macrophages) within tumor areas of 26 primary CM sections. Figure 5 shows an example of a
tumor with a high number of infiltrating lymphocytes. In general, all tumors presented a wide
variety of different types of TILs (Table 2). T2 tumors showed less infiltration with CD3+CD8- and
CD3+CD8-Foxp3- positive cells than non-T2 tumors (p = 0.048 and 0.02, respectively, Table
2). Although the CD3+CD8-Foxp3+ regulatory T cells may function as suppressors of effector
T cells, Spearman rank analysis showed significantly positive associations between the density of
CD3+CD8-Foxp3+ and of CD3, CD3+CD8+, CD3+CD8- as well as of CD3+CD8-Foxp3- T
cells (Supplementary table 1). The different subsets of T cells frequently co-infiltrate CM. As tumor
thickness is a known prognostic risk factor for CM," we correlated the density of TILs with tumor
thickness, and observed that thicker tumors had less CD3+CD8+ T cells (p = 0.03) and tumor-
infiltrating M2 macrophages (p = 0.02; Table 3). Tumors with larger basal diameters contained
fewer infiltrating CD3 (p = 0.01), CD3+CD8+ (p = 0.02), CD3+CDS8- (p = 0.01), CD3+CD8-
Foxp3- (p = 0.02) and CD3+CD8-Foxp3+ (p = 0.03) T cells within their tumor areas than tumors
with smaller basal diameters (Table 3). The density of all types of TILs mentioned above was not
correlated with tumoral/stromal PD-L1 expression (p > 0.05) or with melanoma-related survival. IF
staining of CD68 and CD68+CD163+ showed that the majority of macrophages belong to the M2
phenotype, suggesting a potential tumor-favorable environment created by macrophages in CM.
As high cytotoxic T lymphocyte (CTL)/regulatory T cell (Treg) and high M1 (CD68+CD163-)/
M2 macrophage ratios have been found to be associated with improved survival in breast cancer

1418 we evaluated these ratios in our study. No significant

and cutaneous melanoma, respectively,
difference in survival or association with clinical parameters was observed (p > 0.05). However,
higher CTL/Treg ratio tended to correlate with local recurrence (p = 0.13). Correlation coeflicients

are shown in Table 3 and Supplementary Table 1.
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Figure 2. PD-L1 positive stromal cells are primarily CD68+CD163+ macrophages. (A) PD-LI1 (red,
membranous), (B) CD68 (blue, cytoplasmic/membranous), (C) CD163 (green, cytoplasm/membrane) and merged
image (D) with DAPI (grey) show that PD-L1 positive stromal cells are also CD68+CD163+ positive cells. White

arrow indicates the positive staining. Scale bar is 50 um.
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DAPI

Figure 3. PD-1 expression in CM. Representative immunohistological staining shows that: (A) PD-1 (green,
membrane) is expressed on stromal cells surrounding the primary tumor areas (white arrows); (B) staining of CD3
(green) and CD8 (red) demonstrates these stromal cells are T cells (white arrows). Scale bar of IF is 20 um, and of
HE is 50 pm.
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Table 3. Correlation between different types of infiltrating immune cells and tumor size

Tumor thickness Tumor LBD

r P r P
CD3 -0.40 0.06 -0.56 0.01
CD3*CD8* -0.45 0.03 —-0.50 0.02
CD3'CD8& -0.36 0.09 -0.54 0.01
CD3*CD8Foxp3- -0.39 0.07 -0.50 0.02
CD3*CD8 Foxp3* -0.32 0.19 -0.46 0.03
CD68 —-0.38 0.07 -0.26 0.24
CD68*CD163* -0.49 0.02 -0.23 0.30
Tumor thickness - - 0.65 0.001

7 = two-tailed Spearman correlation coefficient, with 26 observations. LBD = largest basal diameter. P < 0.05 are in italics.
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Figure 4: Survival analysis according to PD-L1 status in CM. Kaplan-Meier plot shows disease-specific survival of
patients with PD-L1-positive tumors (green, dotted) and negative tumors (blue, continuous) (cut-off at 5%). P-value

has been calculated using the log-rank test.
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DAPI

Figure 5: T cell and macrophage subset analysis in the tumor area of CM. (A) HE, CD3 (green, membrane), CD8
(red, membrane), Foxp3 (blue, nucleus) and the merged image; 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) HE, CDG68 (green, cytoplasm/
membrane), CD163 (red, cytoplasm/membrane) and merged image shows double-positive M2 macrophages cells.
Scale bar of IF is 20 pum, and of HE is 50 pum.
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Figure 6. Cutaneous (MEL13.03, MEL93.05 and A375) and conjunctival melanoma (CRMM1, CRMM2 and
CM2005.1) cell lines express various levels of PD-L1 and PD-1. MEL13.03 is the positive control cell line for both
PD-L1 and PD-1. Representative histograms show (A) PD-L1 and PD-1 (B) expression in cell lines with or without
IFN-y (100 IU/ml) exposure for 48 h. Pink, blue and brown shaded histograms represent unstained, PD-L1 (PD-1)
staining, and the effect of IFN-y stimulation on PD-L1 and PD-1, respectively.
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Human CM cell lines express various levels of PD-L1

Infiltration lymphocytes may be a source of interferon gamma (IFN-y), which has been reported
to enhance PD-L1 and PD-1 expression."”?” To examine how PD-L1 and PD-1 are expressed on
the cell surface of CM cell lines, and to determine whether expression is sensitive to environmental
cytokines, we performed flow cytometry on three human cutaneous melanoma and three CM cell
lines. The cutaneous melanoma cell line MEL13.03 served as PD-L1 and PD-1 positive control.
Figure 6 shows that compared to MEL13.03, the other five cell lines were PD-L1 negative, while
only one other cell line, CRMM2, expressed PD-1. Next, to mimic the immune environment in
vivo, we stimulated these cells with IFN-y. As a control, we determined the upregulation of IFN-y
pathway by analyzing HLA Class I expression, using an anti-HLA class I antibody (Supplementary
Figure 1). HLA Class I expression of all cell lines was upregulated upon IFN-y stimulation. After
48 h incubation with IFN-y, PD-L1 expression was upregulated at different levels on two of the
three cutaneous melanoma cell lines (MEL13.03, MEL93.05) and on two of the three CM cell
lines tested (CRMM2 and CM2005.1), while PD-1 was only slightly increased on one cell line
(CRMM2) (Figure 6).

DISCUSSION

Immunotherapies that work through inhibiting the PD-L1/PD-1 axis have been successful in
inducing clinical responses in patients with different malignancies, including cutaneous melanoma,
non-small cell lung cancer, and bladder cancer.?'*» However, there are no data yet on the expression
of immune checkpoint molecules in CM, a rare malignancy. As far as we know, one ongoing clinical
trial testing the efficacy and safety of Ipilimumab in metastatic melanoma patients is currently
recruiting CM patients (NCT01355120). Very recently, a CM patient with a breast metastasis was
successfully treated with Nivolumab, a monoclonal antibody directly against PD-1.2* However, the
PD-L1 expression of the primary or metastatic tumor of the patient was not described. Although
the accuracy and reproducibility of PD-L1 staining is disputable, and the clinical responses may
occur in PD-L1 negative tumors and not all PD-L1 positive tumors respond,” immunostaining is
the best attempt to spredict the potential of immune-based therapies.” Since most CM are small
and heterogenous, and some are pigmented, we decided to use the anti-PD-L1 SP142 clone as it has
been shown to work in IF staining on paraffin-embedded sections.'** In addition, it has recently
been approved by the FDA as a complementary diagnostic to help make treatment decisions for
the use of Atezolizumab in patients with non-small cell lung cancer. We determined whether PD-
L1 expression was located on tumor cells or cells of the tumor microenvironment by simultaneous

staining with a melanoma marker.

PD-L1 expression is a potential biomarker for prognosis in different types of cancer.”**’ Expression

of PD-L1 has been investigated in varies malignancies with most researchers using either a 1% or
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5% cut-off for positivity.*® Cytoplasmic staining of PD-L1 has often been neglected because the
significance of intracellular expression of PD-L1 remains unclear and does not seem functional.’ In
the present study of a human CM cohort, we found that 19% of the tumors expressed PD-L1 (cut-
off 5%), and that this expression was correlated with the presence of distant metastases and a worse
melanoma-related survival. The incidence of tumor PD-L1 expression is lower than cutaneous
melanoma, as reported previously.** However, our finding should be interpreted with caution as
our cohort has a limited size. More patients are needed for further analysis of the prognostic value
of PD-L1 expression in CM in order to confirm our findings. Although one study shows positive
PD-L1 expression in 13% (3/23) of mucosal malignant melanoma of head and neck,” another
study* did not find any clinical response by application of PD-1 inhibitors in a group of patients
with advanced recurrent mucosal melanoma of head and neck. However, the cohort is rather small

(n=5).

Not only expression of PD-L1 on tumor cells may be important, also PD-L1 expressed by myeloid
cells in the tumor microenvironment may play an essential role in suppression of the host's immune
response, even when the malignant cells lack PD-L1."%% Stromal PD-L1 expression can predict poor
prognosis in adult T-cell leukemia or lymphoma and gastric carcinoma.”” Here, we observe that
59% of CM contained PD-L1 positive stromal cells, but expression did not correlate with survival.
The PD-L1 positive stromal cells were mainly comprised of CD68+CD163+ M2 macrophages,
similar to what has been described previously.' In vitro experiment showed that all CM cell lines
expressed low levels of membranous PD-L1, and a variable but clear increase of PD-L1 expression
was seen in two out of three CM cell lines following IFN-y stimulation. These findings suggest that
in CM, initially PD-L1 negative or weakly positive tumors may display enhanced PD-L1 expression
after exposure to IFN-y produced by TILs.

Cancer exploits multiple mechanisms to avoid antitumor immune responses. Based on the “cancer
immunogram” depicted by Blank, et al.,*® the general immune status and immune cell infiltration
needs to be addressed to facilitate the understanding of immune-based treatments. Unlike another
type of ocular melanoma, uveal melanoma (UM), the immunology of CM has hardly been studied.
Although the unique conjunctiva-associated lymphoid tissue (CALT) system in conjunctiva
especially contains B lymphocytes,” we mainly focus on T lymphocytes because the PD-L1/PD-1
axis inactivates T-cell function. When we compare expression with the cell counts of TILs in UM,
using the same antibodies and techniques as in our prior study on UM, we notice that CM contain
higher densities of CD4 (CD3+CD8-), CD4 helper (CD3+CD8-Foxp3-) and Foxp3 (CD3+CD8-
Foxp3+) cells than UM. However, the densities of CD8 (CD3+CD8+), CD68 and CD68CD163
cells were lower than those in UM. Compared to one study of cutaneous melanoma metastasis,*®
the density of CD3 and CD68CD163 was similar, with a higher density of CD4 and Foxp3, and
lower density of CD8 cells. Some studies have shown that PD-L1 expression inversely correlates

with TILs.>** We find no association between tumoral or stromal PD-L1 positivity and the density
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of TILs. However, the density of TILs was inversely correlated with tumor size, with larger tumors
containing fewer immune cells, suggesting that in the absence of infiltrating immune cells, including

cytotoxic T cells, the tumor could grow unrestrained.

A major limitation of the present study is the small size of the cohort, coming from a single institute,
due to the rarity of CM. We need more patients and tumor material, especially metastases, to carry
out further studies and draw solid conclusions. In addition, we should be aware that CM samples
are generally quite small, and that a representative section accounts for a small volume of tumor, and
may not represent the PD-L1 expression of the whole tumor, as it is known that PD-L1 expression

may be quite heterogeneous.”

In general, we provide a comprehensive view of PD-L1 and PD-1 protein expression, and immune
infiltration status in CM. These findings deepen our understanding of the immunology of CM.
We believe that these results support the rationale of PD-L1/PD-1 checkpoint immunotherapy for

patients with metastatic CM and recommend to include these patients in future immunotherapy
clinical trials inhibiting the PD-L1/PD-L1 pathway.

MATERIALS AND METHODS

Patient data

Twenty-seven patients with histologically-proven primary CM were included in this study. All
patients were seen at the Leiden University Medical Center, The Netherlands, and diagnosed with
CM between 1996 and 2014. The medical files were reviewed for clinical and histopathological
data. Information regarding the localisation and size of the primary tumors was obtained from the
patient files, histology reports, and pre-excision color photographs. All tumors were evaluated by
an experienced ophthalmic pathologist. Tumor stage was determined according to the 7th edition
of the AJCC TNM cancer staging manual.*’ Treatment was defined as the initial treatment applied
immediately or directly after histologic confirmation of CM. Local recurrence was defined as
recurrence of histologically-proven CM. Metastasis was proven by histology or imaging. Total
follow up time was defined as the time from diagnosis to the last known moment of survival or
death. The study adhered to the tenets of the declaration of Helsinki, and the institutional Medical

Ethical Committee of LUMC did not object to this retrospective analysis.

Immunofluorescence staining

Formalin-fixed, paraffin-embedded blocks containing tumor material were cut in 4 pm sections,
and mounted on slides. After deparaffinization with Xylene, rehydration with alcohol (100%, 90%,
80%, 70%), and Tris-EDTA (pH 9.0) heat-based antigen retrieval, the tissues were incubated with
primary antibodies at 4°C overnight. On the second day, after washing with phosphate-buffered
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saline (PBS), the samples were incubated with AlexaFluor (Invitrogen, Breda, The Netherlands)
secondary antibodies for 1 hour at room temperature, followed by washing steps. The slides were
counterstained and mounted with VECTASHIELD mounting medium with DAPI (4',6-diamidino-
2-phenylindole; H-1200; Vector Laboratories, USA). Tonsil tissues were used as positive control.
Incubation with 1% bovine serum albumin (BSA)/PBS instead of primary antibodies served as
negative control. One tumor contained only enough material for PD-L1 and PD-1 staining, and
not for additional staining. The primary antibodies are listed below: HMB45/Mart-1 (mouse,
clone HMB45 + DT101 + BC199, ab732, 1:200; Abcam, UK), anti-PD-L1 (rabbit, clone SP142,
1:100; Spring Bioscience, CA, USA), anti-PD1 (goat, AF1086, 1:100; R&D Systems, UK), CD3
(rabbit, ab828, 1:100; Abcam), anti-CD8 (mouse IgG2b, 4B11, 1:75; Novocastra, Valkenswaard,
The Netherlands), anti-FoxP3 (mouse IgG1, clone 236A/E7, 1:100; Abcam), anti-CD68 (mouse
IgG2a, ab49777, 1:75; Abcam) and anti-CD163 (mouse IgG1, clone 10D6, 1:100; Novocastra).

The secondary antibodies are in Supplementary Table 2.

Imaging, scoring and analysis

The images of hematoxylin and eosin (HE) stained tumor sections were captured using Philips
Image Management System 2.2. Images of IF staining were captured using either a Leica TCS SP8
X or Zeiss LSM 700 confocal laser scanning microscope. Depending on the tumor size, one to
seven representative images at high power (250X) in different areas were randomly selected. Tumor
areas were morphologically recognized by DAPI nuclear staining. Two investigators, without
prior knowledge of clinicopathological data, scored membranous PD-L1 and PDI1 expression.
Expression of PD-L1 and PD-1 was designated as positive, when > 5% of the tumor/stromal
cells were positive.#! For evaluation of the number of tumor-infiltrating lymphocytes within the
tumor sites, tumor regions (mm?2) were evaluated using Leica Application Suite X or Zeiss Zen 2.1
software. Positive cells were counted manually by two observers, as previously described.'® Results

were presented as cell numbers/mm?2.

Cell lines

Three conjunctival melanoma cell lines (CRMM1, CRMM2 and CM2005.1)% and three
cutaneous melanoma cell lines (A375 (ATCC), and MEL93.05 and MEL13.03, established in the
Department of Medical Oncology, LUMC, Leiden) were used in our experiments. To determine
the expression of PD-L1 and PD-1 on the cell lines, cells were first seeded in 6-well plates. On
the second day, media were refreshed or replaced with culture media containing 100 international
units (IU)/ml of IFN-y (ImmunoTools, Germany) and incubated for 48 h. Cells were subsequently

prepared for fluorescence-activated cell sorting (FACS).

186



PD-L1/PD-1 Expression and Lymphocytes in Conjunctival Melanoma

Flow cytometry

Cells were incubated with the previously determined optimal dilution of mouse monoclonal PD-L1
(17-5983, APC; Bioscience), PD-1 (329935, FITC; BioLegend) or HLA class I antibodies (W6/32,
311414, Alexa Fluor 647; BioLegend). Cells were collected (10000-20000 per live gate) using
the FACSCalibur cytometer (Becton Dickinson), and results were analysed using FlowJo software
(V10.0.7, Flowjo LLC).

Statistical analysis
Data were analysed with SPSS software version 23.0 (SPSS, Inc., Chigaco, IL, USA). Data were

considered statistically significant if p < 0.05. Pearson's chi square and Fisher's exact test were
applied for categorical data; Mann Whitney U test was used for numerical data. Spearman's rank
correlation analysis (two-tailed) was performed to compare correlations between different TILs and

tumor size. Survival analysis was performed using Kaplan-Meier with log rank tests.

Abbreviations

programmed cell death protein 1 (PD-1), programmed death-ligand 1 (PD-L1), conjunctival
melanoma (CM), tumor-infiltrating lymphocytes (TIL), cytotoxic T lymphocyte antigen 4 (CTLA-
4), antigen-presenting cells (APCs), immunohistochemistry (IHC), immunofluorescence (IF),
cytotoxic T lymphocyte (CTL), regulatory T cell (Treg), Interferon-gamma (IFN-y), conjunctiva-
associated lymphoid tissue (CALT).
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Supplementary Figure 1. The confirmation of IFN-y effect on cutaneous (MEL13.03, MEL93.05 and A375) and
conjunctival melanoma (CRMM1, CRMM2 and CM2005.1) cell lines using the anti-human HLA-A, B, C antibody
(W6/32). The cells were treated with IFN-y(100 IU/ml) for 48 h. Histograms with red, blue and brown line represent
unstained, W6/32 expression, and the effect of IFN-y stimulation on W6/32, respectively.
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Supplementary Table 1. Correlation between different infiltrating immune cells (T cells and macrophages)

CD3+CD8- CD3+CD8-
CD3+CD8+ CD3+CD8- Foxp3- Foxp3+ CD68 CD68+CD163+

CD3 r 0.84 0.95 0.88 0.84 0.63 0.48

P <0.001 <0.001 <0.001 <0.001 0.001 0.01
CD3+CD8+ r 0.69 0.63 0.57 0.59 0.46

P <0.001 0.001 0.002 0.001 0.02
CD3+CD8- r 0.93 0.84 0.53 0.38

P <0.001 <0.001 0.005 0.053
CD3+CD8- r 0.65 0.51 0.34
Foxp3-

P <0.001 0.01 0.09
CD3+CD8- r 0.49 0.46
Foxp3+

P 0.01 0.02
CD68 r 0.87

P <0.001

r = two-tailed Spearman correlation coefficient, with 26 observations. P < 0.05 are in italics.
Supplementary Table 2. Secondary antibodies used in IF
Catalogue

Antibody Specificity Isotype Company number Dilutions
AlexaFluor 488 mouse IgG Life Technologies A-11001 1:300
AlexaFluor 546 rabbit IgG Life Technologies A-11010 1:300
AlexaFluor 488 goat IgG Life Technologies A-11055 1:300
AlexaFluor 488 rabbit IgG Life Technologies A-11034 1:300
AlexaFluor 546 mouse IgG2b Life Technologies A-21143 1:300
AlexaFluor 647 mouse IgGl Life Technologies A-21240 1:300
AlexaFluor 488 mouse IgG2a Life Technologies A-21131 1:300
AlexaFluor 546 mouse IgG1 Life Technologies A-21123 1:300
AlexaFluor 647 mouse IgG2a Life Technologies A-21241 1:300
AlexaFluor 488 mouse IgG1 Life Technologies A-21121 1:300
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ABSTRACT

Purpose: The purpose of this study was to determine whether YAP/TAZ activation in uveal
melanoma (UM) and the susceptibility of melanoma cell lines to YAP/TAZ inhibition by verteporfin

(VD) is related to the tumor’s genetic background.

Methods: Characteristics of 144 patients with enucleated UM were analyzed together with
mRNA expression levels of YAP/TAZ-related genes (80 patients from the The Cancer Genome
Atlas [TCGA] project and 64 patients from Leiden, The Netherlands). VP was administered to cell
lines 92.1, OMM1, Mel270, XMP46, and MM28 (UM), CRMM1 and CRMM2 (conjunctival
melanoma), and OCM3 (cutaneous melanoma). Viability, growth speed, and expression of YAP1-

related proteins were assessed.

Results: In TCGA data, high expression of YAPI and WWTRI correlated with the presence
of monosomy 3 (p=0.009 and p<0.001, respectively) and BAP1-loss (p=0.003 and p=0.001,
respectively) in the primary UM; metastasis development correlated with higher expression of YAP!
(p=0.05) and WWTRI (p=0.003). In Leiden data, downstream transcription factor 7EAD4 was
increased in cases with M3/BAP1-loss (p=0.002 and p=0.006) and related to metastasis (p=0.004).

UM cell lines 92.1, OMMI, and Mel270 (GNAQ/1I-mutation, BAP1-positive) and the fast-
growing cell line OCM3 (BRAF-mutation) showed decreased proliferation after exposure to VP.
Two slow-growing UM cell lines XMP46 and MM28 (GNAQ/11-mutation, BAP1-negative) were
not sensitive to VB, and neither were the two conjunctival melanoma cell lines (BRAF/NRAS-

mutation).

Conclusion: High risk UM showed an increased expression of YAP/TAZ-related genes. Although
most UM cell lines responded in vitro to VP, BAP1-negative and conjunctival melanoma cell lines

did not. Not only the mutational background, but also cell growth rate is an important predictor of
response to YAP/TAZ inhibition by VP,
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INTRODUCTION

Uveal melanoma (UM) is the most common primary intraocular malignant tumor in adults, with
an incidence of approximately 5 to 6 per million in the US." 2 Treatment includes various forms of
radiotherapy, removal of the eye is a last resort option.> Up to 50% of patients develop metastasis,®

and no proper treatment for metastatic disease is as yet available.”

Conjunctival melanoma (CoM) is rarer than UM, with an incidence of approximately 0.7 per
million in Caucasians.®'® Treatment consists generally of excision and adjuvant therapy (e.g.
radiotherapy or topical chemotherapy);'! even so, 7% to 32% of patients die from metastases.'*'*

Although both lesions are related to the eye, the genetic background of UM and CoM differs. UM
is known to have driver mutations in GNAQ/11,'> ' CYSLTR2," and PLCB4," with subsequent
mutations in BAPI (associated with adverse prognosis), SF3B1 (associated with late metastasis)
or EIFIAX (associated with good prognosis).”” CoM on the other hand resembles cutaneous
melanoma and has driver mutations in BRAE NRAS, Kit, TERT, or NF1.**% Despite their different

backgrounds, UM and CoM share the need for the development of new and effective therapies.”

Recent studies identified the importance of the YAP/TAZ pathway in oncology, for tumor growth
and possible targeting.”” The YAP/TAZ pathway is involved in normal cell proliferation and
apoptosis, regulating organ size. Key components of this pathway are Yes-Associated Protein 1
(YAP1) and its co-activator TAZ (a.k.a. WWTRI, not to be confused with the unrelated 7afazzin
gene). YAP1 and TAZ can bind to TEAD proteins in the cell nucleus, allowing them to read DNA,
and activate several genes that promote cell growth and proliferation (e.g. C7GE CYRG6I, and
Survivin).*® In various cancers, including cutaneous melanoma, increased activity of the YAP/TAZ
pathway has been related to worse survival,””** and inhibition of YAP/TAZ has been suggested as
a potential new therapy.” Interestingly, the YAP/TAZ pathway can be blocked pharmacologically,
using the benzoporphyrin verteporfin (VP trade name: Visudyne). VP is being used clinically as
a photosensitizer in photodynamic therapy (PDT) for various retinal disorders.’’ In PDT, upon
irradiation with a nonthermal laser, reactive oxygen species are formed causing damage to the
endothelium and regression of vessels. VP blocks YAP/TAZ through a different mechanism, however,
as it can disrupt the YAP-TEAD complexes even without light activation.?* Via this mechanism, VP

inhibited in vitro cell growth in several cancers such as retinoblastoma® and glioma™.

Approximately 90% of UM harbor a GNAQ/II mutation," '> " which was found to activate
the YAP/TAZ cascade.’ 3¢ Inhibition of this pathway by shRNA or drugs led to decreased cell
growth in vitro as well as tumor regression in mouse models carrying a GNAQ/I1 mutation.> *
This leads to the question whether the YAP/TAZ pathway can be used as a therapeutic target in

UM. The GNAQ/11 mutation is absent in CoM,'®* but other stimuli (such as mechanical stress
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and receptor signaling) can activate the YAP/TAZ cascade as well.”® YAP1 expression was detected
in cutaneous melanoma cell lines lacking a GNAQ/I1 mutation (but harboring BRAF or NRAS
mutations instead),’*” % and in human cutaneous melanoma tissue where a high expression was
related to worse survival.”%° Results of YAP/TAZ inhibition in cutaneous melanoma are mixed:
one study identified diminished cell growth in cutaneous melanoma cell lines after administration
of VP but found no effect on tumor development or tumor growth in a mouse model,* whereas
another study found no effect of YAP/TAZ inhibition using shRNA on in vitro proliferation, but
identified decreased in vitro invasiveness and less metastases formation after injection of melanoma

cells in mice.® To our knowledge, no studies exist on YAP/TAZ inhibition in CoM.

Recently, it was reported that the YAP/TAZ pathway has little prognostic value for patient survival
in UM.#" This mechanism is poorly understood, however, and it is unknown if the YAP/TAZ
pathway (activated by the early GNAQ/II mutation) is altered by chromosome changes or other
mutations, such as in BAPI, which is known to be related to adverse prognosis.*>* Interestingly,
the genes coding for BAPI as well as TAZ are located on chromosome 3. Hypothesizing a link
between the genetic make-up of UM and YAP/TAZ activity, we wondered if UM cells lacking
BAP1 expression are more susceptible to treatment with VP, and whether CoM cells are sensitive

at all.

We set out to investigate whether mRNA expression of YAP1-related genes was related to clinical,
histological and genetic tumor characteristics in UM. Next, we studied the effect of YAP1-inhibition
using VP without light activation on multiple UM cell lines with different genetic profiles (including
cell lines with and without BAP1 expression), and included CoM cell lines with either a BRAF or
NRAS mutation as a control. We show that the YAP/TAZ pathway has a higher activity in UM
tissue with unfavorable genetic characteristics such as monosomy 3 (M3) / BAP1 loss. We confirm
that VP inhibits growth of BAP1-positive UM cells in vitro, whereas it has limited effect on BAP1-
negative cells and CoM, and observed that not only the genetic background, but other traits such

as cell growth rate, were major determinants of VP response.

METHODS

Patient and tumor data

Data from two independent sets of patients with UM were analyzed. The first set was comprised of
80 patients with UM from The Cancer Genome Atlas (TCGA) project (http://cancergenome.nih.
gov/). The second set was comprised of 64 patients with UM who underwent primary enucleation
at the Leiden University Medical Center (The Netherlands).

200



YAP/TAZ Pathway in Uveal and Conjunctival Melanoma

From the TCGA project, data on mRNA expression were retrieved for 80 cases. In this set, the
median follow-up time was 26.0 months. BAP1 expression was provided as mRNA expression
levels, and dichotomized at the median into BAP1-positive and BAP1-negative cases.®

All Leiden patients had been treated by primary enucleation between 1999 and 2008. Clinical
and survival data were retrieved from patient medical files, and complemented with data from the

Dutch national cancer registry (Registratie Applicatie Nederlandse Kankerregistratie (RANK)).

Messenger RNA was isolated from frozen tumor material for gene expression analysis using the
RNeasy Mini Kit (Qiagen, Venlo, The Netherlands). The Illumina HT-12 version 4 chip was used

to determine gene expression levels (Illumina, San Diego, CA, USA).

DNA was isolated for single-nucleotide polymorphism (SNP) analysis using the QIAmp DNA
Mini kit (Qiagen, Venlo, The Netherlands). With the Affymetrix 250K_NSP microarray and
Affymetrix Cytoscan HD chip (Affymetrix, Santa Clara, CA, USA), status of chromosome 3 was
determined.*® Status of chromosome 8q was additionally identified with digital polymerase chain
reaction (dPCR).“ BAP1 expression status was assessed by an experienced ocular pathologist with
immunohistochemistry (IHC) as previously described?” and categorized as BAP1-positive or BAP1-

negative. Further details on the determination of chromosome 3 / 8q status, and ITHC of BAP1 were

described before. %4

The study was approved by the Biobank Committee of the Leiden University Medical Center
(LUMCGC; 19.062.CBO/uveamelanoomlab-2019-3; B20.023). The tenets of the Declaration of

Helsinki were followed.

Cell lines and culturing

Human uveal melanoma cell lines 92.1 (BAP1-pos, GNAQ-mut)*®, OMM1 (BAP1-pos, GNAI1-
mut)®', Mel270 (BAP1-pos, GNAQ-mut)’*, XMP46 (BAP1-neg, GNAQ-mut)*’, MM28 (BAP1-
neg, GNAII-mut)*®, human conjunctival melanoma cell lines CRMM1 (BRAF-mut)**, CRMM2
(INRAS-mut)*, and human melanoma cell line OCM3 (BAP1-pos, BRAF-mut)*® were studied. An

overview of studied cell lines and their genetic mutations is provided in Supplementary Table 1.5

Cell lines 92.1, OCM3, OMMI1 and Mel270 were grown in RPMI 1640 medium (Gibco, Life
Technologies Co.) supplemented with 10% fetal bovine serum (FBS; Gibco, Life Technologies
Co.) and 1% antibiotics (10.000 units/ml Penicillin, 10.000 ug/ml Streptomycin; Gibco, Life
Technologies Co.). Cell lines XMP46 and MM28 were grown in IMDM medium (Sigma-Aldrich,
UK) supplemented with 20% FBS and 2% antibiotics. Cell lines CRMM1 and CRMM2 were
grown in F-12K medium (Gibco, Life Technologies Co.) supplemented with 10% FBS and 1%
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antibiotics. Cells were incubated in a humidified atmosphere of 5% CO2 at 37°C. Cells were
protected from light using aluminum foil, and the experiments were performed under dimmed

lights.

Investigated drugs

The investigated drug was liposomal verteporfin in phosphate buffered saline (PBS; original VP
dilution 2mg/ml; Novartis AG, distributed by Valeant Ophthalmics, Bridgewater NJ, USA). As a
control, PBS (Gibco, Life Technologies Co., Grand Island NY, USA) was used. Drugs or controls
were added to regular cell culture medium of the respective cell lines, in concentrations as described

with the experimental designs.

Viability assays

Cell viability was assessed using the Cell Counting Kit-8 (Dojindo Molecular Technologies,
Rockville, MD, USA). In this assay, a tetrazolium salt (WST-8) is reduced by dehydrogenase activity
into a yellow/orange formazan dye. Light absorbance thereby reflects the activity of living cells.
Cells were seeded in a 96-well plate at a density of 10.000 cells per well. The following day, various
concentrations of VP were added. After 3 days, all wells were gently washed with fresh medium (to
remove staining from VP) and the WST-8 salt was added according to the manufacturer’s guideline.
Light absorbance at 450nm was measured using a microplate reader and normalized to control

values. Experiments were performed in triplicate.

Growth curves

Cells were seeded in 6-well plates at a density of 300.000 cells per well. The following day, culture
medium was replaced by new medium with the addition of 1.25ug/ml VB, 7.5ug/ml VP or PBS. At
days 2, 4, and 6, cell numbers were determined using the trypan blue (0.4%) dye exclusion method
in an automated cell counter (Invitrogen, Countess II FL). Culture medium (with drugs or control
as mentioned previously) was refreshed on days 2 and 4 for the remaining wells. Experiments were

performed in triplicate.

Protein expression

Cells were seeded in 6-well plates at a density of 800.000 cells per well. The following day, culture
medium was replaced by new medium with the addition of 1.25ug/ml VB, 7.5ug/ml VP or PBS.
After 24-hour incubation, cells were washed with ice-cold PBS and lysed with MPER with a
protease and phosphatase inhibitor. Samples were sonicated for 15 seconds, and centrifugated for 20

minutes at 14.000g in a pre-cooled 4°C centrifuge. The supernatant was used for further analyses.

Per lane, 20ug of protein were loaded on a 4% to 12% Bis-Tris gel (NuPage, Invitrogen). After

electrophoresis, the assay was transferred to a polyvinylidene difluoride (PVDF) membrane
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(Millipore, Billerica, MA, USA). Coomassie blue staining was used to ensure equal loading. The
membrane was blocked for 1 hour at room temperature in 5% milk and incubated for 3 hours with
the respective primary antibodies at a 1:1000 dilution. After washing, the membrane was incubated
for 1.5 hours with the respective secondary antibodies at a 1:2000 dilution. Protein expression was
visualized with the ECL technique (Amersham ECL Select). Antibodies were purchased from Cell
Signaling Technology (Danvers, MA, USA): YAP (4912S), TEAD1 (12292S), and c-Myc (9402S).

Statistics

Data were analyzed using SPSS version 23. The applied statistical tests were the Mann-Whitney U
test (numerical parameters, 2 groups) or the Jonckheere test for trends (numerical parameters, more
than 2 groups). The Spearman’s rho was applied for analysis of correlations. Survival was analyzed
with the Kaplan-Meier method and log-rank tests. When applicable, “high” and “low” expression
of mRNA values was categorized based on the median expression values. Two-sided tests were

reported, and P values <0.05 were considered statistically significant.

RESULTS

The YAP/TAZ pathway is related to tumor characteristics in UM
To study the activation of the YAP/TAZ pathway in human UM, we first analyzed the mRNA

expression of YAP1-related genes in UM samples in two independent datasets. One set was
comprised of material from 80 UM from the TCGA project, the other set of 64 UM from patients
who underwent an enucleation in the LUMC (The Netherlands). In the TCGA dataset, probes were
available for YAPI, WWTRI (=TAZ), and TEADI. In the Leiden dataset, probes were available for
YAPI and TEAD4, but not for the other YAP1-related genes.

Both in the TCGA and Leiden datasets, expression of YAP1-related genes did not vary based on
patient age, American Joint Commission on Cancer (AJCC) stage, or tumor prominence (Table
1 and 2). In the TCGA dataset, increased WWTRI was associated with a greater largest basal
diameter (LBD; Spearman correlation 0.323, p=0.004) and a mixed/epithelioid cell type (p=0.002).
Interestingly, a higher expression of YAP1 was noticed for lightly-pigmented tumors in both data
sets compared to highly-pigmented cases (TCGA: p=0.006 and Leiden: p=0.007).

YAP1-related genes are associated with unfavorable tumor genetics

As the YAP/TAZ pathway is activated by mutations in GNAQ/I1, we examined the expression of
mRNA in tumors with and without these mutations. In the TCGA dataset, tumors with either
a GNAQ or GNAII mutation (n=72) did not differ in their expression of YAP1-related genes

compared with tumors without these mutations (n=6; Table 1). In the Leiden dataset, the four
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tumors that lacked a GNAQ/11 mutation had a higher YAP1 expression, but a similar TEAD4
expression, than the tumors with a GNAQ/I1 mutation (n=60; p=0.033 and p=0.84, respectively;
see Table 2); the interpretation of this finding is hampered, however, due to low numbers of cases
lacking a GNAQ/11-mutation.

We then tested whether YAP1 activity relates to the genetic status of UM, such as monosomy 3
(M3)/BAP1-loss, or gain of chromosome 8q, two adverse prognostic factors. In the TCGA dataset,
both M3 and BAP1-loss were associated with a higher expression of YAP!I (p=0.009 and p=0.003,
respectively) and WWT7RI (p<0.001 and p=0.001, respectively; Table 3). Although YAP! did
not differ between M3/BAP1-loss and D3/BAP1-positive UM in the Leiden data, 7EAD4 was
expressed higher in M3/BAP1-loss cases (p=0.002 and p=0.006, respectively). Gain of chromosome
8q related to a higher expression of WWTRI in the TCGA data (p<0.001) but a lower expression of
TEADI (p=0.025), whereas no association with 8q status were observed in the Leiden data. From
these data, we conclude that the chromosome 3 / BAP1 status of UM is related to the expression of

YAP1-related genes, with a higher activity in the prognostically-unfavorable cases.

YAP1-related genes are modestly associated with worse clinical
outcome in UM

In the TCGA dataset, patients who developed metastasis had a higher expression of WW7RI
(p=0.003) and a borderline insignificant higher expression of YAPI (p=0.050) compared to patients
without metastases (median follow-up time 26 months) (Table 1). In the Leiden data, YAPI was
not related to the development of metastases (p=0.31) but a higher expression of TEAD4 was
(p=0.004) (median follow-up time 62 months) (Table 2). These findings indicate that high activity
of (components of) the YAP/TAZ pathway is modestly associated with a worse clinical outcome

in UM.
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Table 1. Clinical characteristics of the TCGA study group and mRNA expression levels of YAP1, WWTRI, and
TEADI.

Total YAP1 WWTR1 TEAD1
N=80
CATEGORICAL Cases (%) Median p Median P Median P
Gender
Male 45 11.0 0.659 6.8 0.652 10.6 0.476
Female 35 11.0 6.8 10.7
TNM cat (8%)
T1 0 NA 0.407 NA 0.092 NA 0.115
T2 14 10.9 5.8 10.8
T3 32 10.9 6.8 10.7
T4 34 11.1 7.0 10.6
Pigmentation
Light 39 11.1 0.006 6.6 0.099 10.9 <0.001
Dark 41 10.7 7.1 10.4
Cell Type
Spindle 43 10.9 0.092 6.1 0.002 10.7 0.904
Mixed + Epithelioid 37 11.1 7.2 10.7
Ciliary body
involvement
No 64 10.9 0.234 6.6 0.243 10.6 0.012
Yes 16 11.0 7.1 10.9
Metastasis
No 53 10.8 0.050 6.5 0.006 10.7 0.552
Yes 27 11.2 7.4 10.7
Mel.-Related Death
No 60 10.9 0.117 6.5 0.003 10.7 0.437
Yes 20 11.2 7.4 10.6
Necrosis
No 63 11.0 0.568 6.6 0.256 10.7 0.381
Yes 17 10.9 7.0 10.5
GNAQ/11 or WT
No mutation 6 10.9 0.574 6.95 0.285 10.78 0.139
(both WT)
Any GNAQ/11 72 11.0 6.65 10.65

mutation
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Table 1. Continued.

Total YAP1 WWTR1 TEAD1
N=80
CATEGORICAL Cases (%) Median P Median p Median p
GNAQ or
GNAI11 status*
GNAQ-mutation 38 11.0 0.752 10.6 0.030 10.6 0.701
GNA11-mutation 34 11.0 10.7 10.7
Correlation Correlation Correlation
Total
NUMERICAL N=80 Spearman P Spearman P Spearman P
Age — Median 61.5 0.007 0.953 0.032 0.778 -0.138 0.221
LBD — Median 16.0 0.085 0.461 0.323 0.004 -0.079 0.491
Prominence - Median 11.0 0.154 0.185 0.078 0.501 -0.002 0.985

The mRNA expression concerns the individual intensity of each gene.

Mel., melanoma; LBD, largest basal diameter; NA, not applicable; WT, wild type.
*Includes mutually exclusive cases only. In 6 cases, no GNAQ or GNA11 mutation was found; in 2 cases, both GNAQ and

GNA11 were mutated.
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Table 2. Clinical characteristics of the Leiden study group and mRNA expression levels of YAP1 and TEAD4.

Total
N=64 YAP1 TEAD4
CATEGORICAL Cases (%) Median P Median p
Gender
Male 33 8.3 0.234 8.0 0.043
Female 31 8.4 8.3
TNM cat (8%)
T1 6 8.3 0.173 8.1 0.100
T2 25 8.4 8.0
T3 31 8.3 8.1
T4 2 8.1 8.1
Pigmentation
Light 43 8.4 0.007 8.2 0.469
Dark 20 8.2 8.0
Cell Type
Spindle 22 8.3 0.932 8.1 0.745
Mixed + Epithelioid 42 8.3 8.1
Ciliary body involvement
No 40 8.4 0.031 8.0 0.230
Yes 23 8.3 8.2
Metastasis
No 27 8.4 0.305 8.0 0.004
Yes 37 8.3 8.2
Mel.-Related Death
No 27 8.4 0.305 8.0 0.004
Yes 37 8.3 8.2
Necrosis
No 38 8.2 0.008 8.0 0.318
Yes 26 8.5 8.2
GNAQ/11 or WT
No mutation (both WT) 4 8.6 0.033 8.0 0.841
Any GNAQ/11 mutation 60 8.3 8.1
GNAQ or GNA11 status™
GNAQ-mutation 28 8.3 0.468 8.1 0.424
GNA11l-mutation 32 8.3 8.1
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Table 2. Continued.

Correlate Correlate
Total
NUMERICAL N=64 Spearman P Spearman P
Age — Median 61.6 0.040 0.751 0.052 0.684
LBD — Median 13.0 -0.148 0.244 0.203 0.107
Prominence - Median 8.0 -0.171 0.176 0.178 0.160

The mRINA expression concerns the individual intensity of each gene.
Mel., melanoma; LBD, largest basal diameter; NA, not applicable; WT, wild type.

* Includes mutually exclusive cases only. In 4 cases, no GNAQ or GNAII mutation was found.
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VP inhibits cell growth in a dose-dependent manner in cell lines with a
GNAQ/ 11 mutation, but not in cell lines with a BRAF/NRAS mutation.

Next, we studied the effect of YAP/TAZ inhibition in UM and CoM cell lines using VP without
light activation. First, we analyzed the inhibitory effect of VP treatment on BAP1-positive UM
cell lines with a mutation in GNAQ or GNA11. Following 3 days of incubation with VI, UM cell
lines 92.1 (GNAQ-mut), OMMI1 (GNAII-mut) and Mel270 (GNAQ-mut) demonstrated more
cell death with increased dosages of VP (Fig. 1A, 1C, 1E). When cultured for a total of 6 days, a
low dose of VP was noticed to have only a minor effect on cell growth, whereas a high dose caused
complete inhibition (Fig. 1B, 1D, 1F).

We compared the results in the UM cell lines with the effect on cell lines with a BRAF or NRAS
mutation (i.e. melanoma cell line OCM3 [BRAF-mut] and the CoM cell lines CRMM1 [BRAF-
mut] and CRMM2 [NRAS-muz]. Cell line OCM3 was sensitive to VP treatment at higher doses,
with a remarkable drop in cell viability after treatment for 3 days with >2ug/ml (Fig. 2A). This could
point at nonspecific toxicity of VP rather than a specific effect due to YAP1 inhibition. Both CoM
cell lines were not sensitive to VP even at high doses, showing unaltered cell viability (Fig. 2C, 2E).
Although the growth curves of CRMM1 and CRMM2 demonstrate a reduced growth speed with

high dose VP administration, cell counts were not reduced to zero (Fig. 2D, 2F).

UM cell lines lacking BAP1 expression are not sensitive to treatment with
VP

As we had noticed that UM tissues with M3/BAP1-loss show a higher mRNA expression of actors
in the YAP1 pathway, we now compared the susceptibility of BAP1-expressing and BAP1-negative
UM cell lines to VP.

We included two recently developed UM cell lines with a GNAQ/I1 mutation, which lack
expression of BAP1 (i.e. cell line MM28 [GNA11-mut, BAP1-neg] and cell line XMP46 [GNAQ-
mut, BAP1-neg]. Viability assays demonstrated a relative tolerance for VP at low dosages, whereas a
dose-dependent decrease of viability tended to occur in both cell lines at dosages >4ug/ml VP (Fig.
3A, 3C), however with a smaller effect than in the BAP1-positive UM cell lines.

Remarkably, cell growth experiments demonstrated that the cell numbers of the BAP1-negative cell
lines were little affected by either low or high VP concentrations. It should be noticed, however, that
these cell lines grew at a much slower rate than the other lines (Fig. 3B, 3D). As the YAP1 pathway
is involved in growth, an absence of robust growth may cause insensitivity to YAP1 inhibition. To

our knowledge, no fast-growing BAP1-negative UM cell lines exist.
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Figure 1. Viability and cell growth after verteporfin treatment. (A, B) UM cell line 92.1: GNAQ-mutation, BAP1-
positive. (C, D) UM cell line OMM1: GNAII-mutation, BAP1-positive. (E, F) UM cell line Mel270: GNAQ-
mutation, BAP1-positive. Values show mean + SD of three experiments. In A, C, and E, measurements at each
concentration of VP were compared to Oug/ml; in B, D, and E, cell counts at the final day were compared between

control and low, and between control and high concentrations. The P values are indicated by * (p<0.05) or ** (p<0.01).
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Figure 2. Viability and cell growth after verteporfin treatment. (A, B) melanoma cell line OCM3: BRAF-mutation.
(C, D) CoM cell line CRMM1: BRAF-mutation. (E, F) CoM cell line CRMM2: NRAS-mutation. Values show mean
+ SD of three experiments. In A, C, and E, measurements at each concentration of VP were compared to Oug/ml;
in B, D, and E, cell counts at the final day were compared between control and low, and between control and high
concentrations. The P values are indicated by * (p<0.05), ** (p<0.01) or not significant (NS) (p>0.05).
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Not only the genetic background, but also cell growth rate predicts
susceptibility for VP of the various cell lines

To examine the effect of growth rate on the susceptibility of cell lines to VB, we plotted the LD50 (as
determined with the viability tests) against the doubling time (as determined with the cell growth
experiments) of all cell lines. Three clusters of cells could be identified: (1) high doubling time and
high LD50 (i.e. slow growing, insensitive to VP); (2) low doubling time and high LD50 (i.e. fast
growing, insensitive to VP); and (3) low doubling time and low LD50 (i.e. fast growing, sensitive
to VP). Cluster 1 comprises the BAP1-negative UM cell lines (XMP46 and MM28). Cluster 2
comprises the CoM cell lines (CRMM1 and CRMM2). Cluster 3 comprises the other, BAP1-
positive, UM cell lines (92.1, MEL270, and OMM]1) and melanoma cell line (OCM3; Fig. 4).

It can be deduced that, in order to be susceptible to VD, cell lines need a certain amount of cell

growth, and a GNAQ/11 mutation may lower the threshold for VP sensitivity.
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Figure 3. Viability and cell growth after verteporfin treatment. (A, B) UM cell line mm28: GNAII-mutation,
BAP1-negative. (C, D) UM Cell line xmp46: GNAQ-mutation, BAP1-negative. Values show mean + SD of three
experiments. In A and C, measurements at each concentration of VP were compared to Oug/ml; in B and D, cell
counts at the final day were compared between control and low, and between control and high concentrations. The P
values are indicated by * (p<0.05), ** (p<0.01) or not significant (NS) (p>0.05).
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Figure 4. Doubling Time and LD50 for each studied cell line. Cell growth doubling time was based on non-VP-
treated cells in our specific experimental conditions. LD50 for VP was based on VP treatment at various dosages for
each cell line. Values for CRMM1 and CRMM2 were arbitrarily cut off at a maximum of 50 ug/ml. Three clusters can
be identified: A (Red), CoM cell lines (BRAF/NRAS-mut). B (Green), UM cell lines (BAP1-neg, GNAQ/11-mut). C
(Blue), UM cell lines (BAP1-pos, GNAQ/1I-mut) and cutaneous melanoma cell line (BRAF-mut).

Protein expression of YAP/TEAD and downstream actors CMYC/CYR61
follows cell viability

To further understand the effects of VP on melanoma cells and the YAP/TAZ pathway in various
cell lines, we performed Western Blot analyses of YA, TEAD, and downstream target CMYC.
Cell lines were cultured for 24 hours with a low dose liposomal VP in PBS (1.25ug/ml), high dose
liposomal VP in PBS (7.5ug/ml), or control (PBS).

All BAP1-positive, GNAQ/I1-mutant UM cell lines demonstrated a reduction of YAPR, TEAD and
CMYC upon VP administration. This was similarly seen in cell line OCM3 (BRAF-mut) and to
some extent in the IVRAS-mutated cell line CRMM?2. The rest of the cell lines (BRAF-mutated cell
line CRMM]1, and slow-growing BAP1-negative cell lines MM28 and XMP46) demonstrated little
or no reduction of YAP, TEAD, or CMYC upon VP administration (Supplementary Figure 1).

DISCUSSION

We observed that expression of several YAP/TAZ-related genes correlated with tumor genetics in
UM, with a higher activity in M3/BAP1-negative lesions, although the prognostic value of the YAP/
TAZ pathway was limited. Although most UM cell lines were sensitive to VB, two BAP1-negative
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UM cell lines, as well as two BRAF/NRAS-mutated CoM cell lines, were not. We found that not
only the mutational background of the studied genes, but also cell growth rate was an important

predictor of YAP/TAZ inhibition by VP, with a slow growth rate relating to VP insensitivity.

To our knowledge, we are the first to extensively relate the YAP1 pathway to genetic characteristics
of UM, using a large set of patients with UM. When comparing mRNA expression of YAP1-
related genes with clinical and genetic determinants, we found a higher expression level in UM with
M3/BAP1-loss. The prognostic value of YAP1-related mRNA expression was limited, however,
with only a high expression of WW7RI being significantly related to metastasis development. A
recent study on mRNA data of the TCGA project on UM similarly identified no relation between
YAPI gene expression and survival, but did not report on WW7RI or the relation with the genetic

makeup of the tumors.*!

Our experiments showed that exposure to VP decreased cell viability in BAP1-positive UM cell
lines harboring mutations in GNAQ/11, as has been reported before.”>*” A mutation in GNAQ/11
was no exclusive predictor of a response to VI, however, as we report on cell lines with a GNAQ/11
mutation without a clear response (MM28 and MP46), and a cell line lacking GNAQ/11 mutations
that did demonstrate decreased survival (OCM3). We noticed that the non-responding cell lines
had a slower growth rate compared to the responding ones, and we hypothesize that this may have

been limiting the susceptibility for YAP1-inhibition.

We expected that BAP1-negative UM cell lines would be more susceptible to YAP1-inhibition,
because the YAP1 pathway was upregulated in BAP1-loss UM. Unexpectedly, these cell lines
demonstrated very little response to VP; however, we noticed a remarkable slower growth rate
compared to the BAP1-positive UM cell lines. An alternative explanation is that BAP1-loss
results in YAP/TAZ pathway insensitivity, or that BAP1-loss causes a YAP1-independent growth

disadvantage.

We also studied cell lines lacking a mutation in GNAQ/11. We identified no convincing effect of VP
in the two CoM cell lines with either a BRAF or NRAS mutation (CRMM1 and CRMM?2), whereas
the cutaneous melanoma cell line OCM3 did show a response to VP Notably, the growth rate of
OCM3 was higher than that of CRMM1 and CRMM2. In line with our findings, previous work
by Yu et al. showed a limited, yet present, response to VP for cell line OCM3, with about a halving
of cell count compared to control after 3 days of treatment with high-dose VP Our results may be
more pronounced due to a longer, 6 day, treatment and addition of FBS to the cell culture medium
(that is known to activate the Hippo pathway),”® but both studies confirm that cell lines lacking a
GNAQ/11-mutation may be affected by VI
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As a treatment for UM, we concur with others reporting on the potential benefit of VP in preclinical
models. Clinical experience shows that BAP1-mutated UM show more aggressive characteristics
than BAP1-wildtype UM, however, which is opposite to the in vitro behavior of our cell line model
with BAP1-loss. Unfortunately, no fast-growing UM cell line models lacking BAP1 are available.
It would therefore still be interesting to test the susceptibility of BAP1-negative cells in vivo to
VP treatment. It has been suggested that targeting the YAP1-pathway alone may not be the most
effective route to attack UM, and that combined treatment aimed at the GNAQ/I! pathway and
other pathways such as BAP1,% or at others' would be more effective. Indeed, as VP only targets
one arm of the G-coupled receptor network, it may be necessary to target multiple upstream nodal

points to fully block the YAP1-pathway and it is likely that combinations of drugs are needed."

Being the first to study VP in CoM, our results are not supportive for VP as a single-agent therapy
in this disease. This may resemble earlier work on cutaneous melanoma cell lines that demonstrated
mixed responses to YAP/TAZ inhibition: whereas reduced cell growth and reduced YAP/TAZ
protein levels were reported after VB> inhibiting YAP/TAZ in cutaneous melanoma cell lines via
shRNA, demonstrated no effect on proliferation in vitro.** Similarly, whereas cutaneous melanoma
xenograft mouse models demonstrated no tumor response to VP in one study,” another study using
shRNA inhibition of YAP/TAZ did identify a decreased in vitro invasiveness and less metastases

formation in mice.*

A strength of our study is the availability of data on mRNA expression and genetic status of a large
number of UM cases. We were also able to test a broad panel of cell lines, representing various
mutational backgrounds of UM and CoM. Some conflicting findings were observed between
mRNA expression of YAP-related genes in the TCGA data and Leiden data. This may be due to
differences in the study group, as UM in the Leiden cohort were somewhat smaller than those

analyzed in the TCGA project, which may have influenced YAP1 activity.

An interesting mactter in cell line studies is whether cell lines mimic the traits of their original tumor
type,”® and whether in vitro findings correspond to the in vivo situation. In our study, we find that
YAP1-related genes are differentially expressed in UM tissue based on genetic traits (such as BAP1
loss). Because protein expression in our cell culture work was assessed using separate experiments,
we cannot formally conclude on a differential baseline YAP1 expression between individual BAP1-
positive and BAP1-negative cell lines. Importantly, all studied cell lines expressed YAP1 protein,
allowing assessment of inhibition following VP treatment (Supplementary Figure 1), which was
the aim of this study. The relevance of different baseline YAP1 expression levels between cell lines
are difficult to assess, because external stimuli influence hippo-pathway activity,®® which is not

modelled fully in vitro.
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Interestingly, the YAP/TAZ pathway has recently been linked to mechanisms of resistance against
targeted therapy and escape against immunotherapy in cancer.® ¢! Upregulation of the YAP/TAZ
pathway was found in cutaneous melanoma tissue of patients who developed resistance to BRAF-
inhibitor or RAF+MEK-inhibitor therapy.®> ¢ Similar to these findings in cutaneous melanoma,

upregulation of the YAP1 pathway was found in UM models after MEK-inhibition.®*

Upregulation of the YAP/TAZ pathway has also been linked to several immune-suppressing effects,
relevant for immunotherapy. YAP1 expression was positively associated with PD-L1 expression in
samples of cutancous melanoma, creating an escape for destruction by CD8+ T cells.®® Increased
YAP1 was associated with lower expression of CD8, HLA class I molecules and TAP1 in cutaneous

melanoma tissue, similarly pointing towards decreased immune recognition.

Blocking the YAP/TAZ pathway may be beneficial to overcome MAPK-inhibitor resistance, as
YAP/TAZ knockdown restored sensitivity to BRAF-inhibitors in previously-resistant cutaneous
melanoma cell lines,® and VP caused reduced tumor formation in a mouse model with BRAF-
inhibitor-resistant skin melanoma cells.”” Even so, knockdown of YAP and TAZ caused reduced
expression of PD-L1 in cutaneous melanoma cell lines,* which would theoretically make these cells

more vulnerable to CD8+ T cell attack.

The true future application of YAP/TAZ inhibition (as with VP) may therefore possibly not be as
a single-agent therapy to any type of melanoma, but as an additive to other (targeted or immuno-)
therapies. This would be beneficial in the treatment of UM as well as CoM, mirroring the findings

from cutaneous melanoma.

Concluding, expression of YAP/TAZ-related genes correlated with tumor genetics in UM, with a
higher activity in M3/BAP1-negative lesions. The prognostic value of YAP1-related gene expression
on metastasis development was limited. Although most UM cell lines responded in vitro to VB,
BAP1-negative UM cell lines and CoM cell lines did not. We find that not only the mutational
background of the studied genes, but also cell growth rate is an important predictor of YAP/TAZ
inhibition by VP. Our study implies a potential role for the YAP1 pathway as therapeutic target in
UM, but finds a limited role for single-agent therapy in CoM. YAP1 inhibition may be used as a
cotreatment with both targeted and immunotherapy, to overcome mechanisms of resistance and

escape.

217




Chapter 4.1

Funding: Supported by: Stichting LOOE Stichting Nelly Reef Fund, Foundation “De Drie
Lichten”, Stichting Blindenhulp, Stichting tot Verbetering van het Lot der Blinden, Rotterdamse
Stichting Blindenbelangen, Landelijke Stichting voor Blinden en Slechtzienden, Stichting PG
Binkhorst, Leids Universiteits Fonds / PA. Jager-van Gelder Fonds.

Disclosures: N. Brouwer, None; E. Konstantinou, None; E.S. Gragoudas, None; M. Marinkovic,
None, G.PM. Luyten, None; LK. Kim, Castle Biosciences (C), Kodiak Sciences (C), Novartis (C),
Biophytis (C), M.J. Jager, None; D.G. Vavvas, None.

218



YAP/TAZ Pathway in Uveal and Conjunctival Melanoma

REFERENCES

20.

21.

Singh AD, Turell ME, Topham AK. Uveal melanoma: trends in incidence, treatment, and survival.
Ophthalmology 2011;118:1881-1885.

Egan KM, Seddon JM, Glynn R]J, Gragoudas ES, Albert DM. Epidemiologic aspects of uveal melanoma. Surv
Ophthalmol 1988;32:239-251.

Kaliki S, Shields CL. Uveal melanoma: relatively rare but deadly cancer. Eye (Lond) 2017;31:241-257.
Gragoudas ES. Proton beam irradiation of uveal melanomas: the first 30 years. The Weisenfeld Lecture. Invest
Ophthalmol Vis Sci 2006;47:4666-4673.

Hawkins BS. The Collaborative Ocular Melanoma Study (COMS) randomized trial of pre-enucleation
radiation of large choroidal melanoma: IV. Ten-year mortality findings and prognostic factors. COMS report
number 24. Am J Ophthalmol 2004;138:936-951.

Damato B. Progress in the management of patients with uveal melanoma. The 2012 Ashton Lecture. Eye (Lond)
2012;26:1157-1172.

Lane AM, Kim IK, Gragoudas ES. Survival Rates in Patients After Treatment for Metastasis From Uveal
Melanoma. JAMA Ophthalmol 2018;136:981-986.

Tuomaala S, Eskelin S, Tarkkanen A, Kivela T. Population-based assessment of clinical characteristics predicting
outcome of conjunctival melanoma in whites. nvest Ophthalmol Vis Sci 2002;43:3399-3408.

Yu GP, Hu DN, McCormick S, Finger PT. Conjunctival melanoma: is it increasing in the United States? Am J
Ophthalmol 2003;135:800-806.

Triay E, Bergman L, Nilsson B, All-Ericsson C, Seregard S. Time trends in the incidence of conjunctival
melanoma in Sweden. Br ] Ophthalmol 2009;93:1524-1528.

Wong JR, Nanji AA, Galor A, Karp CL. Management of conjunctival malignant melanoma: a review and
update. Expert Rev Ophthalmol 2014;9:185-204.

Shields CL. Conjunctival melanoma: risk factors for recurrence, exenteration, metastasis, and death in 150
consecutive patients. Trans Am Ophthalmol Soc 2000;98:471-492.

Brouwer NJ, Marinkovic M, van Duinen SG, Bleeker JC, Jager MJ, Luyten GPM. Treatment of conjunctival
melanoma in a Dutch referral centre. Br J Ophthalmol 2018;102:1277-1282.

Anastassiou G, Heiligenhaus A, Bechrakis N, Bader E, Bornfeld N, Steuhl KP. Prognostic value of clinical and
histopathological parameters in conjunctival melanomas: a retrospective study. Br / Ophthalmol 2002;86:163-
167.

Van Raamsdonk CD, Bezrookove V, Green G, et al. Frequent somatic mutations of GNAQ in uveal melanoma
and blue naevi. Nature 2009;457:599-602.

Van Raamsdonk CD, Griewank KG, Crosby MB, et al. Mutations in GNA11 in uveal melanoma. N Engl ] Med
2010;363:2191-2199.

Moore AR, Ceraudo E, Sher JJ, et al. Recurrent activating mutations of G-protein-coupled receptor CYSLTR2
in uveal melanoma. Nat Genet 2016;48:675-680.

Johansson P, Aoude LG, Wadt K, et al. Deep sequencing of uveal melanoma identifies a recurrent mutation in
PLCB4. Oncotarger 2016;7:4624-4631.

Smit KN, Jager MJ, de Klein A, Kili E. Uveal melanoma: Towards a molecular understanding. Prog Retin Eye
Res 2019;100800.

Spendlove HE, Damato BE, Humphreys J, Barker KT, Hiscott PS, Houlston RS. BRAF mutations are
detectable in conjunctival but not uveal melanomas. Melanoma Res 2004;14:449-452.

Griewank KG, Murali R, Schilling B, et al. TERT promoter mutations in ocular melanoma distinguish between
conjunctival and uveal tumours. Br J Cancer 2013;109:497-501.

219




Chapter 4.1

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

220

Beadling C, Jacobson-Dunlop E, Hodi FS, et al. KIT gene mutations and copy number in melanoma subtypes.
Clin Cancer Res 2008;14:6821-6828.

Scholz SL, Cosgarea I, Susskind D, et al. NF1 mutations in conjunctival melanoma. BrJ Cancer 2018;118:1243-
1247.

Griewank KG, Westekemper H, Murali R, et al. Conjunctival melanomas harbor BRAF and NRAS mutations
and copy number changes similar to cutaneous and mucosal melanomas. Clin Cancer Res 2013;19:3143-3152.
Swaminathan SS, Field MG, Sant D, et al. Molecular Characteristics of Conjunctival Melanoma Using Whole-
Exome Sequencing. JAMA Ophthalmol 2017;135:1434-1437.

Rodrigues M, Koning L, Coupland SE, et al. So Close, yet so Far: Discrepancies between Uveal and Other
Melanomas. A Position Paper from UM Cure 2020. Cancers (Basel) 2019;11.

Moroishi T, Hansen CG, Guan KL. The emerging roles of YAP and TAZ in cancer. Nat Rev Cancer 2015;15:73-
79.

Meng Z, Moroishi T, Guan KL. Mechanisms of Hippo pathway regulation. Genes Dev 2016;30:1-17.

Menzel M, Meckbach D, Weide B, et al. In melanoma, Hippo signaling is affected by copy number alterations
and YAP1 overexpression impairs patient survival. Pigment Cell Melanoma Res 2014;27:671-673.

Feng Q, Guo P, Kang S, Zhao E High expression of TAZ/YAP promotes the progression of malignant melanoma
and affects the postoperative survival of patients. Pharmazie 2018;73:662-665.

Miller JW. Higher irradiance and photodynamic therapy for age-related macular degeneration (an AOS thesis).
Trans Am Ophthalmol Soc 2008;106:357-382.

Liu-Chittenden Y, Huang B, Shim ]S, et al. Genetic and pharmacological disruption of the TEAD-YAP
complex suppresses the oncogenic activity of YAP. Genes Dev 2012;26:1300-1305.

Brodowska K, Al-Moujahed A, Marmalidou A, et al. The clinically used photosensitizer Verteporfin (VP)
inhibits YAP-TEAD and human retinoblastoma cell growth in vitro without light activation. Exp Eye Res
2014;124:67-73.

Al-Moujahed A, Brodowska K, Stryjewski TP, et al. Verteporfin inhibits growth of human glioma in vitro
without light activation. Sci Rep 2017;7:7602.

Yu FX, Luo J, Mo JS, et al. Mutant Gq/11 promote uveal melanoma tumorigenesis by activating YAP. Cancer
Cell 2014;25:822-830.

Feng X, Degese MS, Iglesias-Bartolome R, et al. Hippo-independent activation of YAP by the GNAQ uveal
melanoma oncogene through a trio-regulated rho GTPase signaling circuitry. Cancer Cell 2014;25:831-845.
Dratviman-Storobinsky O, Cohen Y, Frenkel S, Pe'er ], Goldenberg-Cohen N. Lack of oncogenic GNAQ
mutations in melanocytic lesions of the conjunctiva as compared to uveal melanoma. Invest Ophthalmol Vis Sci
2010;51:6180-6182.

Liu H, Du S, Lei T, et al. Multifaceted regulation and functions of YAP/TAZ in tumors (Review). Oncol Rep
2018;40:16-28.

Lui JW, Xiao S, Ogomori K, Hammarstedt JE, Little EC, Lang D. The Efficiency of Verteporfin as a Therapeutic
Option in Pre-Clinical Models of Melanoma. / Cancer 2019;10:1-10.

Nallet-Staub F, Marsaud V, Li L, et al. Pro-invasive activity of the Hippo pathway effectors YAP and TAZ in
cutaneous melanoma. / [nvest Dermatol 2014;134:123-132.

Kim Y], Lee SC, Kim SE, Kim SH, Kim SK, Lee CS. YAP Activity is Not Associated with Survival of Uveal
Melanoma Patients and Cell Lines. Sci Rep 2020;10:6209.

van Essen TH, van Pelt SI, Versluis M, et al. Prognostic parameters in uveal melanoma and their association
with BAP1 expression. Br /] Ophthalmol 2014;98:1738-1743.

Harbour JW, Onken MD, Roberson ED, et al. Frequent mutation of BAP1 in metastasizing uveal melanomas.
Science 2010;330:1410-1413.



44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

YAP/TAZ Pathway in Uveal and Conjunctival Melanoma

Robertson AG, Shih J, Yau C, et al. Integrative Analysis Identifies Four Molecular and Clinical Subsets in Uveal
Melanoma. Cancer Cell 2017;32:204-220 €215.

Gezgin G, Dogruséz M, van Essen TH, et al. Genetic evolution of uveal melanoma guides the development of
an inflammatory microenvironment. Cancer Immunol Immunother 2017;66:903-912.

Versluis M, de Lange M], van Pelt SI, et al. Digital PCR validates 8q dosage as prognostic tool in uveal
melanoma. PLoS One 2015;10:¢0116371.

Koopmans AE, Verdijk RM, Brouwer RW;, et al. Clinical significance of immunohistochemistry for detection of
BAP1 mutations in uveal melanoma. Mod Pathol 2014;27:1321-1330.

Brouwer NJ, Wierenga APA, Gezgin G, et al. Ischemia Is Related to Tumour Genetics in Uveal Melanoma.
Cancers (Basel) 2019;11.

Brouwer NJ, Gezgin G, Wierenga APA, et al. Tumour Angiogenesis in Uveal Melanoma Is Related to Genetic
Evolution. Cancers (Basel) 2019;11.

De Waard-Siebinga I, Blom DJ, Griffioen M, et al. Establishment and characterization of an uveal-melanoma
cell line. Int ] Cancer 1995;62:155-161.

Luyten GP, Naus NC, Mooy CM, et al. Establishment and characterization of primary and metastatic uveal
melanoma cell lines. /nt ] Cancer 1996;66:380-387.

Verbik DJ, Murray TG, Tran JM, Ksander BR. Melanomas that develop within the eye inhibit lymphocyte
proliferation. /nt | Cancer 1997;73:470-478.

Amirouchene-Angelozzi N, Nemati E Gentien D, et al. Establishment of novel cell lines recapitulating the
genetic landscape of uveal melanoma and preclinical validation of mTOR as a therapeutic target. Mo/ Oncol
2014;8:1508-1520.

Nareyeck G, Wuestemeyer H, von der Haar D, Anastassiou G. Establishment of two cell lines derived from
conjunctival melanomas. Exp Eye Res 2005;81:361-362.

Huang XQ, Mitchell MS, Liggett PE, Murphree AL, Kan-Mitchell J. Non-fastidious, melanoma-specific CD8+
cytotoxic T lymphocytes from choroidal melanoma patients. Cancer Immunol Immunother 1994;38:399-405.
Jager MJ, Magner JA, Ksander BR, Dubovy SR. Uveal Melanoma Cell Lines: Where do they come from? (An
American Ophthalmological Society Thesis). Trans Am Ophthalmol Soc 2016;114:T5.

Ma YW, Liu YZ, Pan JX. Verteporfin induces apoptosis and eliminates cancer stem-like cells in uveal melanoma
in the absence of light activation. Am J Cancer Res 2016;6:2816-2830.

Miller E, Yang J, DeRan M, et al. Identification of serum-derived sphingosine-1-phosphate as a small molecule
regulator of YAP. Chem Biol 2012;19:955-962.

Field MG, Harbour JW. GNAQ/11 mutations in uveal melanoma: is YAP the key to targeted therapy? Cancer
Cell 2014;25:714-715.

Lin L, Bivona TG. The Hippo effector YAP regulates the response of cancer cells to MAPK pathway inhibitors.
Mol Cell Oncol 2016;3:¢1021441.

Shibata M, Ham K, Hoque MO. A time for YAPI: Tumorigenesis, immunosuppression and targeted therapy.
Int ] Cancer 2018;143:2133-2144.

Hugo W, Shi H, Sun L, et al. Non-genomic and Immune Evolution of Melanoma Acquiring MAPKi Resistance.
Cell 2015;162:1271-1285.

Lin L, Sabnis AJ, Chan E, et al. The Hippo effector YAP promotes resistance to RAF- and MEK-targeted cancer
therapies. Nat Genet 2015;47:250-256.

Faiao-Flores F, Emmons ME Durante MA, et al. HDAC Inhibition Enhances the In Vivo Efficacy of MEK
Inhibitor Therapy in Uveal Melanoma. Clin Cancer Res 2019;25:5686-5701.

Kim MH, Kim CG, Kim SK, et al. YAP-Induced PD-L1 Expression Drives Immune Evasion in BRAFi-
Resistant Melanoma. Cancer Immunol Res 2018;6:255-266.

221




Chapter 4.1

66.

67.

68.

69.

70.

71.

72.

73.

74.

222

Kim MH, Kim ], Hong H, et al. Actin remodeling confers BRAF inhibitor resistance to melanoma cells through
YAP/TAZ activation. Embo j 2016;35:462-478.

Fisher ML, Grun D, Adhikary G, Xu W, Eckert RL. Inhibition of YAP function overcomes BRAF inhibitor
resistance in melanoma cancer stem cells. Oncotarger 2017;8:110257-110272.

Folberg R, Kadkol SS, Frenkel S, et al. Authenticating cell lines in ophthalmic research laboratories. /nvest
Ophthalmol Vis Sci 2008;49:4697-4701.

Griewank KG, Yu X, Khalili J, et al. Genetic and molecular characterization of uveal melanoma cell lines.
Pigment Cell Melanoma Res 2012;25:182-187.

de Waard NE, Cao ], McGuire SP, et al. A Murine Model for Metastatic Conjunctival Melanoma. Invest
Ophthalmol Vis Sci 2015;56:2325-2333.

Bailey FP, Clarke K, Kalirai H, et al. Kinome-wide transcriptional profiling of uveal melanoma reveals new
vulnerabilities to targeted therapeutics. Pigment Cell Melanoma Res 2018;31:253-266.

White JS, Becker RL, McLean IW, Director-Myska AE, Nath J. Molecular cytogenetic evaluation of 10 uveal
melanoma cell lines. Cancer Gener Cytogener 2006;168:11-21.

Nareyeck G, Zeschnigk M, Prescher G, Lohmann DR, Anastassiou G. Establishment and characterization of
two uveal melanoma cell lines derived from tumors with loss of one chromosome 3. Exp Eye Res 2006;83:858-
864.

Mosbeh A, Halfawy K, Abdel-Mageed WS, Sweed D, Rahman MHA. Nuclear BAP1 loss is common in
intrahepatic cholangiocarcinoma and a subtype of hepatocellular carcinoma but rare in pancreatic ductal
adenocarcinoma. Cancer Gener 2018;224-225:21-28.



YAP/TAZ Pathway in Uveal and Conjunctival Melanoma

cc PN Ty [V 32 439O “[ [ "¢/ [V 72

YOV O "5, 10 92 232G\ G “1, [V 32 AOqwg G *1, 19 32 v "/ ) [V 32 PAVYM AT "9 “yc [V 32 YOMUBN] G " [V 12 JUIYINOLULY B "o [V 10 42V °C "4 P 10 JUPMILLD) T o TIPS
QUL 1129 PULOUD]IUL UIYS GIIM SILDIIULLS KUDUL PAIDASUOUIY 11 1G] PUNOS SUM. 11 pUp (PIU0HSIND Svm UI31L0 s11 11q Iuz] [122 JAI[] ¥ 29 01 paadtjaq AJjpuisiio svm SO Uy 1120 [

oa11v3au SoNJ 2arr1sod o Augstuagqrorsigounuuy YT ‘Mavuitid wipsg SspisviouL D pausutiorsp 10N ‘N 2L P LA Suonviaiqqy

< F10T e < ¥10TTE 0s S661 ¢
4 S00T B 4 00T T® Y661 19 1zzopaSuy 15 1zzoPSuy 1< 9661 2 1661 10 eSu1qaIg 20U21JY
19 paKareN 19 pakaTeN [e 10 Suenpy -oudyPNOINUY -ouayPnoIIy e 12 uadn T 32 YIQIoA -preey 2 reuiduQ
[£]‘aN [£] ‘aN (7] LA 7] LA (8] T [e] L (€] T 14¢4s
[Z]1 ‘aN [Z] ‘AN (7] 1A 7] 1M (8] LA (€] Im (€] 'VIDLID XV1d1d
[£]‘aN [£] ‘aN [¥] bg uren [¥] bg uren [£]‘aN [¢] g Awosiq  [¢] ‘bg uren 814D

[o1] [6]

[ an [£]‘aN Awosi] [$] dwosouopy  [p] Lwosouopy [£]‘aN [¢] “wosiq [¢] dwosiq €10
[£]‘aN [£]‘aN [11] *soq [¥] SN [¥] SN [8] ‘soq [€] ‘sod [€] ‘soq OHI 1dvd
(7] ‘v<O1881° Bl LM [€lIm (€] Ta uoneInw 1 Jvg
[9] “1190 (9] ‘LA [l T aN aN (2] 1A [ L (2] I SVIN
[9] LA [9] “H009A (2] “H009A aN aN (2] I [] L (2] T avid
[Z] 1M [£] LA [l M [¥] 1.<v979° 7] 1A [2] “16020O [7] 1M (2] LA ITVND
[Z] L (VA [l T (7] L [¥] ‘L<v979 (2] T [7] 16070 [7] “16020 OVND
LLd cLd Tad 0%d 0Sd 9d 12d ¢ud Pquinu d3esseq
[¢] “wnig [¢] “wig Arewnig [y] “Pw xad (] “wnd Xad SISEISEIN] Arewnnig Arewnig anssiy,
[RANLES) PN "fuo) (1] PPN uBiS NN NN NN NN NN urduQ
TNIAD TINIAD €IWDO STAIN 9y dNX TININO 0LTPIN 176 Ul IPD

*SOUI] [[90 PATPNIS JO SONSTINOEIRYYD) *| 9|qpL Aipjuawajddng

TVIIILVW AYVINIWI1ddNS

223



Chapter 4.1

92.1 (GNAQ)
CONTROL LOWVP HIGH VP

O - -

Coomassie blue

TEAD S S e

Coomassie blue

cvvc . -

Coomassie blue

OCM3 (BRAF)
CONTROL LOWVP HIGHVP

YAP - ———

Coomassie blue

O -

Coomassieblue .

CMYC ‘ i

Coomassie blue

MM28 (GNA11, BAPneg)
CONTROL LOWVP HIGH VP

YAP s - —
Coomassie blue
TEAD i Sl -

Coomassie blue

CMYC

OMMT1 (GNA11)
CONTROL LOWVP HIGHVP

-

CRMMT1 (BRAF)
CONTROL LOWVP HIGH VP

W S —

XMP46 (GNAQ, BAPneg)
CONTROL LOWVP HIGH VP

Mel270 (GNAQ)
CONTROL LOWVP HIGHVP
—

-

CRMM2 (NRAS)
CONTROL LOWVP HIGH VP

A

Coomassie blue

Supplementary Figure 1. Protein expression of YAP1-related genes in studied cell lines following 24 hr incubation
with verteporfin (low dose: 1.25 ug/ml, high dose: 7.5 ug/ml) or control (PBS). Coomassie blue staining was used to
ensure equal loading.
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ABSTRACT

Increased angiogenesis is associated with a higher metastasis- and mortality rate in uveal melanoma
(UM). Recently, it was demonstrated that genetic events, such as 8q-gain and BAP1-loss, influence
the level of immune infiltrate. We aimed to determine whether genetic events, and specific cytokines,
relate to angiogenesis in UM. Data from UM patients who underwent enucleation between 1999
and 2008 were analysed. Microvascular density (MVD) and the presence of infiltrating immune
cells were determined with immunohistochemistry (IHC) and immunofluorescence in 43 cases.
Chromosome status, BAP1 IHC and mRNA expression of angiogenesis-related genes were known
in 54 cases. Tumours with monosomy 3/BAP1-loss showed a higher MVD compared to tumours
with disomy 3/normal BAP1 expression (p = 0.008 and p = 0.004, respectively). Within BAP1-
positive lesions (n = 20), 8q-gain did not relate to MVD (p = 0.51). A high MVD was associated
with an increased expression of angiopoietin 2 (ANGPT2) (p = 0.041), VonWillebrand Factor
(VWE) (p = 0.010), a decreased expression of vascular endothelial growth factor B (VEGF-B)
(p = 0.024), and increased numbers of tumour-infiltrating macrophages (CD68+, p = 0.017;
CD68+CD163+, p = 0.031) and lymphocytes (CD4+, p = 0.027). Concluding, vascular density
of UM relates to its genetic profile: Monosomy 3 and BAP1-loss are associated with an increased
MVD, while an early event (gain of 8q) is not independently related to MVD, but may initiate a
preparation phase towards development of vessels. Interestingly, VEGF-B expression is decreased in
UM with a high MVD.
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INTRODUCTION

Uveal melanoma (UM) is the most common ocular malignancy in Caucasian adults. The disease
is often lethal with up to 50% of patients developing metastases.! In recent years, research has
focussed on targeted and immunotherapeutic therapies, as promising results were obtained in
the treatment of, for example, cutaneous melanoma. Results in UM are disappointing; however,
and questions remain regarding the mechanisms leading to metastases and the tumour’s resistance
to treatment. We sought to learn more about the relation between the tumour’s immunological
microenvironment and the development of angiogenesis, which is an important parameter in

growth and behaviour of UM, and a potential target for therapy.

Restricted by the limits of diffusion (1-2 mm), an expanding UM requires new vessels to grow.
The concept of the “angiogenic switch” describes the turning point between an initial phase of
slow, avascular growth into a phase with more rapid growth and angiogenesis. Angiogenesis can be
studied using micro-vascular density (MVD). An increased MVD has been associated with a higher
metastasis rate’ and mortality rate in UM.** Since UM metastasizes solely via the haematogenous
route, it is logical to assume a relation between growth of intra-tumoural vessels and systemic spread.
This concept led to the hypothesis that anti-angiogenic therapy could be used to treat UM or its
metastases. One recent study reports a potential benefit of treatment with anti- vascular endothelial
growth factor (VEGF) therapy in metastatic UM,’ but others stress that anti-angiogenic therapy
has been unsuccessful in UM.¢ This illustrates that there are still questions to be answered to fully
understand angiogenesis in UM. Scientific interest in tumour vascularization has recently increased
as new targets, including hypoxia signalling,” have proven to be promising in the therapeutic

approach of UM.®

While angiogenesis describes the formation of endothelial-lined new vessels, it is important to
note that other mechanisms resulting in intra-tumoural vascular channels have been recognized in
UM.”!* This phenomenon is called “vascular mimicry”, and can be depicted by periodic acid-Schiff
(PAS) staining of extravascular matrix patterns. The presence of so-called loops and networks in UM
was related to the MVD! and worse prognosis.!' However, the exact function and development of

these channels remains debated.

The MVD of UM is known to be associated with the tumour’s immune infiltrate. Studies on this
topic have focussed mainly on the relation with an increased presence of macrophages, describing
their pro-angiogenic properties. An association between a higher MVD and increased numbers
of all macrophages (CD68+ cells)'? and M2 type macrophages (CD68+CD163+ cells)? has been
established. Recently, it was found that genetic changes that reflect the evolution of UM relate
to the type of immune infiltrate in tumour samples.” Gain of chromosome 8q (an early event in

UM development)'" is related to an increased presence of macrophages, while the loss of BAP1
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expression (a later event) is related to an increased presence of T cells. Currently, the roles of 8q gain
or BAP1 loss in angiogenesis are unknown. As monosomy 3 and BAP1 loss are very important for
prognosis in this disease,'®"” and they play a role in developing an inflammatory phenotype,'® we

wondered if angiogenesis as demonstrated by MVD is similarly regulated by these genetic events.

We hypothesize that genetic changes not only influence the immunological microenvironment,
but also drive angiogenesis in UM, and that MVD is a consequence of a highly-malignant genetic
profile. We set out to test this, and also analysed if several angiogenesis-related cytokines are

expressed in relation to the development of tumour vascularity of primary UM.

RESULTS

A High MVD Relates to a Mixed/Epithelioid Cell Type and a Worse
Clinical Outcome

As ahigh MVD is known to be associated with a bad prognosis in UM, we first determined whether
our population confirmed the existing assumptions. The MVD had been determined by counting
CD34-expressing vessels in sections of 43 UM, using a well-established technique as presented by
Makitie et al.> The mean age at enucleation of these patients was 60.6 years. The median largest
basal diameter (LBD) of the tumours was 13.0 mm. Following the American Joint Committee
on Cancer (AJCC) tumour-node-metastasis (TNM) staging criteria, three (7%) tumours were
Stage T1, 22 (51%) Stage T2 and 18 (42%) Stage T3. Further details on the patient and tumour

characteristics are provided in Table 1.

The median MVD count was 89.0 CD34+ vessels/mm?* (Range: 28.0-202.0). A high MVD was
related to a mixed/epithelioid cell type (p = 0.004), but not to gender (p = 0.89), age (p = 0.25),
tumour stage (p = 0.23) or tumour pigmentation (p = 0.45). When looking at a comparison with
vascular mimicry, the median MVD count increased from cases without loops or networks (71.0
vessels/mm?), to those with loops only (83.0 vessels/mm?) and those with both loops and networks
(102.0 vessels/mm?) (p = 0.052). The median follow-up time was 120 months (range: 14-205
months). In total, 18 patients (42%) developed metastasis and died of melanoma-related causes.
A high MVD was related to the development of metastasis (p = 0.009) and the occurrence of
metastasis-related death (p = 0.009) (Table 1), similarly presented in Figure 1a.
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Table 1. Patient and tumour characteristics of 43 uveal melanoma patients for whom data on micro-vascular density

(MVD) were available.

Total MVD
Categorical Cases (%) Median p-Value
Gender
Male 23 (53) 89.0 0.85*
Female 20 (47) 88.5
Side
OD 23 (53) 86.0 0.95*
(ON 20 (47) 93.5
TNM stage (8th)
T1 4(9) 79.0 0.23 *
T2 14 (33) 82.0
T3 25 (58) 91.0
Pigmentation
Light 29 (67) 89.0 0.97 %
Dark 14 (33) 96.5
Cell Type
Spindle 11 (26) 69.0 0.009*
Mixed + Epithelioid 32 (74) 100.0
Ciliary Body Involvement
No 24 (56) 89.0 0.58*
Yes 19 (44) 103.0
Loops and Networks
None 7 (16) 71.0 0.052 *
Loops+, networks- 8 (19) 83.0
Loops+, networks+ 27 (63) 102.0
Metastasis
No 25 (58) 76.0 0.010*
Yes 18 (42) 110.0
Melanoma-Related Death
No 25 (58) 76.0 0.010*
Yes 18 (42) 110.0
Correlation
NUMERICAL Total Spearman p-Value
Age—Median 63.6 0.135 0.390
LBD—Median 13.0 0.299 0.051
Prominence—Median 8.0 -0.278 0.072

p values were calculated with: * Mann—Whitney U test, * Jonckheere test for trend. (Abbreviations: TNM, tumour-node-
metastasis; LBD, largest basal diameter).
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MVD Relates to the Expression of Several Angiogenesis-Related Genes

To identify the relevance of angiogenesis-related pathways in UM, we related the MVD to the
mRNA expression levels of several selected angiogenesis-related genes. Data on MVD as well as
mRNA expression was available for 28 UM patients. Potentially-relevant genes were selected from
the literature because of their theoretical role in angiogenesis, such as those coding for VEGEF-
A/B/C, HIF1la, ANGPT1/2, and PDGF-A. We also analysed vessel markers such as CD34 and
PECAMI1 (CD31). Patient and tumour characteristics of the 28 patients are provided in Table S1.

(a) MVD (b) CD68
_ 100 100
g g
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Figure 1. Patient survival in relation to MVD and mRNA gene expression. Groups (high vs. low) were based on the
median vessel counts and mRNA gene expression values. (a) Immunohistochemistry (IHC) counts of MVD (2 = 43),
(b) mRNA gene expression of CD68 macrophages (7 = 54), (c) mRNA gene expression of VEGF-A (7 = 54), and (d)
mRNA gene expression of VEGF-B (7 = 54).

A high MVD (defined as number of CD34+ vessels/mm?) was correlated with an increased mRNA
expression of the vessel markers CD34 (p = 0.007) and PECAM1 (p = 0.055), the pro-angiogenic
factors ANGPT2 (p = 0.041) and VWF (p = 0.010), and a decreased expression of VEGE-B (p =
0.024). The expression of VEGF-A was not related to MVD (p = 0.98), while the expression of
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HIF1la (p = 0.089) and CDH1 (p = 0.079) demonstrated a trend towards an increase with a higher
MVD, but this did not reach statistical significance (Table 2). A low expression of VEGF-B (but not
VEGF-A) was related to worse survival in a Kaplan—Meier analysis (Figure 1c,d).

Table 2. mRNA expression of angiogenesis-related genes in relation to MVD (n = 28).

mRNA Median (Range) Spearman Correlation p-Value
VEGF-A 6.76 (6.51-7.34) 0.005 0.989
VEGE-B 8.54 (7.6-9.41) -0.425 0.024 *
VEGE-C 6.73 (6.37-7.73) 0.209 0.286
HIF1A 7.21 (6.89-7.91) 0.327 0.089
VHL 7.96 (7.35-8.54) -0.226 0.248
ANGPT1 6.57 (6.31-7.04) 0.155 0.431
ANGPT2 6.54 (6.23-8.19) 0.389 0.041 *
PDGFA 6.96 (6.46-7.82) 0.060 0.761
CD34 7.37 (6.73-7.9) 0.497 0.007 *
CDHI1 10.74 (5.8-12.94) 0.337 0.079
PECAM1 7.23 (6.68-9.57) 0.367 0.055
VWEF 9.86 (8.62-11.14) 0.479 0.010 *

* p-value < 0.05.

MVD Relates to Increased Numbers of Macrophages (CD68+) as Well as
T Cells (CD4+)

Previously, MVD was found to correlate with the number of tumour-infiltrating macrophages.?
This was confirmed in the current set of 43 tumours, by determining the numbers of lymphocytes
(CD3+, CD4+, CD8+, FoxP3+; using immunofluorescence (IF))" and macrophages (CDG68+,
CD163+, CD68+CD163+; using IF)%. A higher MVD was significantly associated with an increased
number of CD68+ (r 0.361, p = 0.017), and CD68+CD163+ (r 0.329, p = 0.031) macrophages,
and also with the number of CD4+ (r 0.336, p = 0.027) T cells. A trend was observed between a
high MVD and increased counts of CD3+ (r 0.287, p = 0.062), CD8+ (r 0.271, p = 0.062) and
FoxP3+ (r 0.283, p = 0.078) cells.

MVD Relates to Monosomy 3 and BAP1 Loss, but Not to Gain of
Chromosome 8q

To investigate the association between tumour genetics and angiogenesis, the status of chromosome
3, chromosome 8q and the expression of the BAP1 protein were determined in 43 patients. Tumours

with monosomy 3 (7 = 21) had a higher MVD compared to tumours with disomy 3 (7 = 22, p =
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0.008). Similarly, BAP1-negative tumours (7 = 23) had a higher MVD compared to BAP1-positive
tumours (7 = 20, p = 0.004) (Figures 2a and 3a). To investigate the role of BAP1 independently
of chromosome 3 status, we analysed the association between BAP1 and MVD within groups of
disomy 3 and monosomy 3 tumours separately. Within the group of disomy 3 tumours (2 = 22),
BAP1 loss (7 = 6) was still related to a higher MVD compared to tumours that expressed BAP1
(n = 16, p = 0.008). Within the group of monosomy 3 tumours (7 = 21), this association could
not be established, but that may be due to a small sample size as only four out of 21 tumours with
monosomy 3 had not lost their BAP1 expression (Figure 3b). For further comparisons, we focussed

on BAPI expression.

While monosomy 3 (or loss of BAP1) is considered a late event in the development of UM, gain

of 8q is an early event.'*

When analysing all cases, gain of chromosome 8q was related to an
increased MVD (p = 0.029) (Figure 3a), but most tumours with gain of 8q also demonstrated
BAP1 loss. When we analysed the relationship of 8q gain within tumours that still expressed BAP1
(n = 20), 8q gain was not related to MVD (p = 0.59) (Figure 2). As only two of the BAP1-negative
tumours demonstrated normal 8q, we cannot conclude on the effect of 8q gain within BAP1-

negative lesions.

Expression of Angiogenesis-Related Genes is Related to Genetic
Progression of UM

Earlier in this study, we noticed that several angiogenesis-related genes are related to the MVD in
UM. We wondered whether the expression of these genes may be related to genetic progression
(early 8q gain and later BAP1 loss) in the 54 cases with data on tumour genetics and mRNA gene
expression (Table S2). First, we compared all BAP1-positive (7 = 24) with all BAP1-negative (7 =
30) lesions. Loss of BAP1 expression was associated with an increased expression of HIFla and
ANGPT2, and a decreased expression of VEGE-B, and VHL (all p < 0.05). When looking at
vascular markers and infiltrate, BAP1 loss was associated with an increased mRNA expression of
vascular markers CDH1, PECAM1, VWF and infiltrate markers CD3, CD4, CD8 and CDGS8
(Table S3).

We corroborated these findings using the TCGA dataset, and found similar results for the association
between BAP1 loss and increased expression of HIF1a, ANGPT2, CDH1, PECAM1, CD3 and
CDB8, and between BAPI loss and a decreased expression of VHL and VEGF-B. Interestingly, in
the TCGA data, BAP1 loss was also related to an increase of VEGF-A and ANGPT1 (while this was
not observed in the Leiden data) (Table S4).
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Figure 2. Tumour genetics in relation to MVD and mRNA gene expression. Gain of chromosome 8q is an early event
in UM development, while loss of BAP1 is a later event. (a) IHC counts of MVD (7 = 43), (b) mRNA gene expression
of CD68 macrophages (7 = 54), (c) mRNA gene expression of VEGF-A (7 = 54), (d) mRNA gene expression of
VEGE-B (7 = 54), () mRNA gene expression of HIF1a (7 = 54), and (f) mRNA gene expression of VHL (2 = 54).
(p-values were obtained using Mann—Whitney U tests, comparing BAP1+ and n8q with BAP1+ and 8qgain patients,
and all BAP1+ with all BAP1- patients. Abbreviations: BAP1+, BAP1-positive; BAP1-, BAP1-negative; n8q, normal

chromosome 8q; 8qgain, gain of chromosome 8q).

235



Chapter 4.2

p=0.004 p=0.008 p=0.029 p=0.008 p=057
(a) 1 1 I 1 I 1 (b) I 1 T 1
250 250
~ 200 o o (] o A A ~ 200 ° o
g L4 o) s E %
S 150 ., o A S 150 o,
[ae] ° Q?Sb far] o
2 400 ~ D A ML S0 o 2o Si9
o o, & % 4 Q oe %o, BOp
g Sowe? i N S Seee
S 504 0® Ve Q?:oo A = 50 Cad oow)
% T foer
0 T T T T T T 0 T T T T
X N H &> 2> & N\ N N N
< ] Q S & & < ] < R
F X o F F F &
> N < R\ &

Figure 3. Tumour genetics in relation to MVD. (a) Within all 43 patients, patients were compared based on status
of BAP1, chromosome 3 or chromosome 8q. (b) Within either disomy 3 (7 = 22) or monosomy 3 ( = 21) patients,
patients were compared based on status of BAP1. (p-values were obtained using Mann—Whitney U tests. Abbreviations:
BAP1+, BAP1-positive; BAP1-, BAP1-negative; D3, Disomy 3; M3, Monosomy 3; 8q normal, normal chromosome
8q; 8q gain, gain of chromosome 8q).

Second, we evaluated the role of chromosome 8q within the BAP1 expressing tumours. Although
we identified that gain of 8q is not independently related to MVD, a previous study demonstrated
that gain of 8q is related to increased counts of (pro-angiogenic) macrophages.”” We confirm that
within the group of BAP1-expressing tumours from Leiden, gain of 8q was associated with a higher
mRNA expression of CD3 (lymphocytes, p = 0.026) and especially of more CD68 (macrophages, p
= 0.007). When examining cytokines, within the group of BAP1-expressing tumours, 8q gain was
related to an increased expression of ANGPT?2 (p = 0.040) and a decreased expression of VEGF-B
(p = 0.022) and VEGF-C (p = 0.026) (Table S3). The relation between 8q gain, BAP1 loss and the
expression of several of the investigated genes is presented in Figure 2. During tumour progression,
VEGEF-B and VHL decrease, while HIF1a increases.

In the TCGA data, gain of 8q was similarly related to an increased expression of CD68
(macrophages), and expression of PDGF-A, but no relation with any of the other cytokines was

observed (Table S4).

DISCUSSION

As we already know that genetic events are closely associated with the immunological
microenvironment in UM, including the presence of macrophages and lymphocytes, we analysed
whether genetic events also play a role in the MVD and the expression of angiogenic factors in UM.

We demonstrate an important association between monosomy 3/BAP1 loss and the expression
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of several angiogenesis-related genes and MVD. Gain of chromosome 8q was not independently
related to MVD, but it was related to a differential expression of several angiogenesis-related genes:
The expression of pro-angiogenic ANGPT2 was increased, and (presumably) anti-angiogenic
VEGE-B was decreased with 8q gain. This may indicate that 8q gain is involved in a preparation
phase towards the development of more vessels. However, it looks as if a true increase in MVD can
only be accomplished by a series of events, in which the BAP1 gene may play an important role.
This idea may fit well into the concept of the angiogenic switch, describing a slow early avascular

tumour growth phase, followed by a more rapid growth with vascular development.

By using mRNA expression techniques, a comprehensive analysis of angiogenesis-related genes was
performed. Interestingly, VEGF-A expression was not related to MVD in our data. VEGF-A is
the main type of VEGF and is considered to be of importance for the development of new blood
vessels. Even more, various studies demonstrated that elevated levels of VEGF-A are present in
the aqueous and vitreous of UM eyes.** An explanation for our finding could be that VEGF-A
is either important for the most initial development of vasculature, or for the maintenance of

previously-developed vasculature, while other factors influence a further increase in MVD.

Our results show that VEGF-B may have a much more important role in angiogenesis in UM
than previously thought. An abundant expression of VEGE-B was reported earlier in UM cell
lines,” but the role of VEGF-B has always been described as enigmatic. Interestingly, in our data
the expression of VEGE-B correlated negatively with the MVD. A relation between VEGF-B and
MVD is unreported in UM, but the function of VEGF-B was recently studied in a murine model,
using a cutaneous melanoma cell line. Enforced expression of VEGF-B led to suppressed primary
tumour growth in mice and a reduced MVD, but more metastases.” It was proposed that an
increase in VEGF-B causes increased vascular leakiness, a high degree of hypoxia, with increased
numbers of tumour-infiltrating macrophages, leading to a metastasis-promoting environment.*
Indeed, a relation between high mRNA expression of VEGF-B and worse survival was found in
patients with lung squamous cell carcinoma and non-ocular melanoma.* Interestingly, the relation
between a low VEGF-B expression and metastasis development in our UM data did not follow
the positive correlation that was reported with other cancers. In the Leiden data, the development
of metastasis was not related to VEGF-A expression, but it related to a decreased expression of
VEGEF-B. In the TCGA data, both an increased expression of VEGF-A and a decreased expression
of VEGF-B were related to more metastasis formation. These observations may indicate that the

function of VEGF-B regarding tumour behaviour is different in UM compared to other tumours.

New insights in ischemic signalling pathways have drawn attention to HIF1a-regulated angiogenesis
in UM, and new drugs targeting these pathways are being developed.® In our study, mRNA
expression of HIF1a was not significantly related to an increasing MVD (p = 0.089). This may be

due to sample size, as Mouriaux demonstrated a link between HIF1a expression and vascular marker
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CD31 in a larger set of 56 UM.” A recent study in UM cell lines on HIF1a-related angiogenesis
showed that both VEGF and ANGPTL4 are promotors for tubule formation.”® The effectors of
HIF1a may therefore include multiple pathways, stressing that not only VEGF-A related pathways
may have relevance. We furthermore demonstrate that BAP1-loss is strongly related to HIFla
expression, implicating the HIFla-mediated pathways of angiogenesis in the later steps of UM
progression. However, the exact role of BAP1 in UM development, including angiogenesis, is not
well understood. It can be hypothesized that BAP1 loss leads to an upregulation of HIF1a via the
NF-kB cascade, as BAP1 was shown to suppress this pathway in human oesophageal carcinoma,”
and BAP1 loss was found to be related to an increased NF-kB expression in UM,* but the

mechanism needs to be investigated further.

Previously, associations were reported between the MVD and the presence of tumour-associated
macrophages (CD68+ cells,” and CD68+CD163+ cells?). It was hypothesized that macrophages
have a pro-angiogenic effect by, for example, secreting VEGE We confirm the relationship between
a high MVD and increased counts of CD68+ cells, and also find an association with CD4+ cells.
The numbers of these cells are highly correlated;'” however, and it has been observed that activated
macrophages can attract a T cell infiltrate.”” It should; therefore, be further studied if T cells have an

independent relation to vasculature or whether they act downstream of the presence of macrophages.

Regarding tumour size, we identified that LBD (B = 5.15; 95%CI 0.73 to 9.58; p = 0.024), but
not tumour prominence (B = -3.63; 95%CI -9.07 to 1.80; p = 0.18), was related to MVD in a
univariate linear regression analysis. Adjusting for BAP1 status, there was still a trend that LBD
related to MVD (B = 4.16; 95%CI -0.10 to 8.42; p = 0.055) while BAP1 status related to MVD
as well (B = -29.08; 95%CI -53.01 to -5.14; p = 0.019). Makitie detected a weak correlation
between MVD and increasing LBD as well as with prominence, but had a larger study group of 134
UM, and he did not know the BAP1 status.” Our results may imply that tumour size alone (with
presumed increased hypoxia) is not the driver of angiogenesis, and that genetics are an important
determinant. It would be interesting to investigate whether increased vascularity explains why some
large, yet disomy 3/BAP1-positive tumours become metastatic. However, our numbers were not

sufficient to examine this relation.

Opposed to the relations we identified between tumour genetics and MVD, the presence of
extravascular matrix patterns demonstrated a slightly different relationship. As with MVD, the
status of chromosome 8q was not related to the presence of loops (p = 0.89) or networks (p = 0.32).
However, cases with monosomy 3 demonstrated more often loops (p = 0.038) and networks (p =
0.016). This finding is line with the earlier observation of Onken et al. that the presence of loops

and networks relates to gene expression profile class II UM.* Interestingly, loops and networks
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did not relate to BAP1 status (p = 0.13 and p = 0.13, respectively). This finding may underline the
different aetiology of the vascular structures, though we cannot but speculate on the role of BAP1

in this finding.

A limitation of this study was that mainly larger tumours were included as all samples were obtained
from enucleated eyes. This also limited the variation in tumour size. It can be expected that new
vasculature is especially important for larger lesions; however, so it may be of no major concern that

few small-sized tumours were studied.

While the presence of intra-tumoural vessels and infiltrate was analysed with immunohistochemistry
(IHC) and IF, respectively, the expression of the various angiogenic factors was analysed using
mRNA. This is a well-established technique capable of identifying pathways of interest. However,
there may be differences between mRNA gene expression and protein production. Future studies
could investigate how our findings, which we corroborated using the mRNA expression data of the

TCGA project, relate to data on protein expression of the respective factors.

Our study implicates that angiogenesis should be studied together with the genetic background of
UM. An important future project could be to study if anti-angiogenic treatment is more effective
in specific (genetic) sub groups of UM. As we show that vascularity is related to genetics, it may be
that mainly highly-vascularized lesions are effectively attacked with those treatments or that genetic
profiling can predict responses to anti-angiogenic therapy. Another project may be to study which
other genes on chromosome 3, besides BAP1, are important for MVD development. In this, it may
be important to consider the role of VHL as the VHL gene is, like BAP1, located on chromosome
3. As we demonstrate a role for VEGF-B in UM angiogenesis, the exact role of this cytokine and

the relevance for anti-angiogenic therapy should be investigated.

MATERIALS AND METHODS

Patient Selection

Tumour samples were obtained from eyes with UM that had been primarily enucleated at the Leiden
University Medical Center (LUMC, Leiden, The Netherlands) between 1999 and 2008. Clinical
data was retrieved from patient medical files. Survival data was complemented with data from the
Dutch national cancer registry (RANK). The study was approved by the Biobank Committee of the
LUMC (19.060.CBO/uveamelanoomlab-2019-1), and adhered to the tenets of the Declaration of
Helsinki.

The current study includes a previously reported set of 43 tumours with data on MVD, tumour

infiltrate and tumour genetics (Table 1),% and an additional (partially overlapping) set of 54
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tumours with data on mRNA gene expression and tumour genetics (Table S2). Of all patients, 28
cases with combined data on MVD and mRNA gene expression were available (Table S1). Clinical

data and survival data of all patients were updated until 1 March 2017.

Histopathology

Tumour material was snap frozen using 2-methyl butane and later used for DNA and RNA isolation.
Remaining tumour material was fixed in 4% neutral-buffered formalin for 48 h and embedded in
paraffin. Haematoxylin/eosin-stained 4 um sections were reviewed by an ocular pathologist for
confirmation of the diagnosis and evaluated for histologic parameters (LBD, prominence, cell type,

pigmentation). The eighth edition of the AJCC staging manual was used for tumour classification.”

Immunohistochemistry and Immunofluorescence

MVD was assessed in 43 cases with IHC for CD34 as described previously.? Counts were represented
as vessels/mm? Numbers of lymphocytes and macrophages were assessed as described previously.>"
T cells were detected with IF using antibodies against CD3, CD4, CD8 and FoxP3. Counts were
represented as number of cells/mm?. Macrophages were detected with IF using antibodies against
CD68, CD163, and CD68CD163 double-staining. Counts were determined in pixels/mm? BAP1
status was assessed with IHC as described previously.*” Nuclear BAP1 staining was scored by an
experienced ocular pathologist, and categorized as BAP1-positive or BAP1-negative. Extravascular
networks were identified with PAS staining; closed vascular structures were named “loops”, and at

least 3 adjacent loops were named “networks”.

Chromosome 3 /8q Status and Gene Expression
The QIAmp DNA Mini Kit was used to isolate DNA for single nucleotide polymorphism (SNP)

analysis according to guidelines of the manufacturer (Qiagen, Venlo, The Netherlands). Status of
chromosome 3 was determined with SNP analysis performed with the Affymetrix 250K_NSP chip
and the Affymetrix Cytoscan HD chip (Affymetrix, Santa Clara, CA, USA)." The copy number
of chromosome 8q was identified with ddPCR. A threshold of >2.1 was defined as gain of 8q."
The RNeasy Mini Kit was used to isolate mRNA for gene expression analysis (Qiagen, Venlo, The
Netherlands). Gene expression levels were obtained using the Illumina HT-12 v4 chip (Illumina,
San Diego, CA, USA). Angiogenesis-related factors were selected based on literature regarding

angiogenesis. Only these predefined genes were assessed in the current analysis (Table S5).

TCGA Data
Findings were corroborated using mRNA data from 80 UM patients from the TCGA project:

htep://cancergenome.nih.gov/.*® In this set, BAP1 expression was provided as mRNA expression

levels, and dichotomized into BAP1-positive and BAP1-negative tumours, using the median.'
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Statistical Analysis

Analyses were performed using SPSS version 23 (I.B.M.). Categorical data was analysed with Chi-
square tests. Numerical data was analysed with the Mann—Whitney U test between 2 groups, and
with the Jonckheere test between multiple groups with a trend. Correlations were assessed with the
Spearman’s test. Linear regression was performed for univariate and multivariate analyses. Survival
data was analysed with the Kaplan—Meier method and log-rank tests; groups of high and low MVD
and mRNA gene expression were based on the median. p-values < 0.05 were considered statistically

significant.

CONCLUSIONS

In conclusion, we demonstrated that the genetic evolution of UM not only involves tumour
infiltrate, but also tumour angiogenesis. Late events (such as BAP1 loss) are related to an increase in
MVD, while early events (such as 8q gain) are not. Gain of 8q may be related to a preparation phase;
however, as several angiogenesis-related genes are already expressed differentially in the absence of
monosomy 3/BAP1 loss. We observed new associations with MVD, such as with monosomy 3/
BAP1 loss, an increased count of lymphocytes, and a decreased expression of VEGE-B, indicating

that more (and other) mechanisms are involved in angiogenesis of UM than previously thought.
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SUPPLEMENTARY MATERIALS

Supplemental Table S1. Patient and tumour characteristics of UM patients with data on MVD and mRNA

expression (7 = 28).

Total

CATEGORICAL Cases (%)
Gender

Male 15 (54)

Female 13 (46)
Side

OD 14 (50)

(O 14 (50)
TNM stage (8™)

T1 4 (14)

T2 9 (32)

T3 15 (54)
Pigmentation

Light 22 (79)

Dark 6 (21)
Cell Type

Spindle 10 (36)

Mixed + Epithelioid 18 (64)
Ciliary body involvement

No 16 (57)

Yes 12 (43)
Loops and Networks

None 7 (25)

Loops+, networks- 5(18)

Loops+, networks+ 16 (57)
Metastasis

No 14 (50)

Yes 14 (50)
Melanoma-Related Death

No 14 (50)

Yes 14 (50)
NUMERICAL
Age — Median 68.9
LBD — Median 14.5
Prominence - Median 7.0
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Supplemental Table $2. Patient and tumour characteristics of UM patients with data on tumour genetics and

mRNA expression (1 = 54).

Total

CATEGORICAL Cases (%)
Gender

Male 28 (52)

Female 26 (48)
Side

OD 26 (48)

(ON 28 (52)
TNM stage (8")

T1 24

T2 23 (43)

T3 27 (50)

T4 24
Pigmentation*®

Light 36 (67)

Dark 17 (32)
Cell Type

Spindle 19 (35)

Mixed + Epithelioid 35 (65)
Ciliary body involvement*

No 32 (59)

Yes 21 (39)
Loops and Networks*

None 16 (30)

Loops+, networks- 10 (19)

Loops+, networks+ 27 (50)
Metastasis

No 23 (43)

Yes 31 (57)
Melanoma-Related Death

No 23 (43)

Yes 31 (57)
NUMERICAL Total
Age — Median 64.0
LBD — Median 14.0
Prominence - Median 8.0

*Rows do not add up to 100% due to one missing value.
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Supplemental Table $3. mRNA expression of angiogenesis-related genes in relation to 8q gain and BAP1 loss in
24 and 54 cases, respectively (Leiden data).

BAP1+ BAP1+
8q normal 8q gain BAP1+ BAP1-
n=11 n=13 n=24 n=30

mRNA Median Median ? Median Median ?

VEGEF-A 6.75 6.81 0.125 6.80 6.76 0.651
VEGF-B 8.83 8.66 0.022* | 8.74 8.44 <0.001* |
VEGF-C 6.86 6.62 0.026* | 6.76 6.68 0.651

HIF1A 6.99 7.10 0.087 7.02 7.28 <0.001* 1
VHL 8.22 8.15 0.284 8.17 7.71 0.003* |
ANGPT1 6.58 6.63 0.931 6.59 6.55 0.508
ANGPT2 6.42 6.52 0.040* 1 6.45 6.58 0.015* 1
PDGFA 6.94 6.97 0.839 6.96 6.91 0.384

CD34 6.94 7.24 0.401 7.22 7.37 0.126

CDHI1 9.57 9.82 0.235 9.73 11.58 <0.001* 1
PECAM1 6.80 6.99 0.140 6.95 7.28 0.004* 1
VWEF 9.47 9.83 0.839 9.57 9.97 0.013* 1
CD3D 6.46 6.67 0.026* 1 6.59 7.18 0.015* i
CD4 6.41 6.58 0.077 6.53 6.66 0.042* 1
CD8A 6.55 6.72 0.125 6.63 7.50 0.016* 1
CD68 9.76 10.86 0.007* T 10.24 11.23 0.002* 1
CD163 6.82 7.31 0.125 7.01 7.19 0.394

BAP1 7.96 7.95 0.977 7.96 7.26 <0.001* )

*p-value <0.05. (Abbreviations: BAP1+, BAPI-positive; BAPI-, BAP1-negative; 8q normal, normal chromosome 8q; 84
gain, gain of chromosome 8q)
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Supplemental Table $4. mRNA expression of angiogenesis-related genes in relation to 8q gain or BAP1 loss in 40
and 40 patients, respectively (TCGA data).

BAP1+ BAP1+
8q normal 8q gain BAP1+ BAP1-
n=17 n=23 n =40 n =40

mRNA Median Median ? Median Median ?

VEGF-A 7.67 8.23 0.151 8.12 8.64 0.001* T
VEGE-B 12.90 13.07 0.503 12.96 12.17 <0.001* |
VEGEF-C 6.49 5.27 0.069 5.36 6.24 0.059
HIF1A 10.05 9.21 0.061 9.69 10.27 0.002* 1
VHL 8.49 7.95 0.176 8.27 7.91 0.023* 1
ANGPT1 1.89 1.76 0.519 1.76 2.69 0.022* I
ANGPT2 4.33 4.75 0.159 4.62 5.62 <0.001* 1
PDGFA 9.97 9.08 0.002* | 9.43 9.83 0.006* 1
CD34 8.09 8.09 0.753 8.09 8.10 0.665

CDHI1 12.43 12.41 0.880 12.42 14.06 <0.001* 1
PECAM1 7.27 7.44 0.712 7.35 7.95 <0.001* ?
VWEF 11.10 11.23 0.753 11.16 10.95 0.651

CD3D 1.37 2.33 0.924 1.88 4.18 <0.001* 1
CD4 8.76 9.24 0.082 9.02 9.19 0.810

CD8A 3.87 3.02 0.359 3.37 6.23 <0.001* 1
CD68 10.95 12.07 <0.001* 1 11.68 11.98 0.149
CD163 7.50 7.02 0.159 7.14 7.69 0.149

BAP1 11.97 12.28 0.136 12.09 9.71 <0.001* |

*p-value <0.05. (Abbreviations: BAP1+, BAPI-positive; BAP1-, BAP1-negative; 8q normal, normal chromosome 8q; 8¢
gain, gain of chromosome 8q)
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ABSTRACT

Purpose: To compare retinal vessel oxygenation in eyes with an untreated choroidal nevus or

choroidal melanoma.

Methods: The affected and fellow eye of patients with an untreated choroidal nevus (n=42) or
choroidal melanoma (n=45) were investigated using noninvasive retinal oximetry (Oxymap T1).
Oxygen saturation of arterioles (ArtSat) and venules (VenSat) was determined, together with the

arteriovenous difference (AV-difference).

Results: In choroidal nevus patients, retinal oximetry did not differ between the affected and fellow
eye: the mean ArtSat was 94.5% and 94.2% (p=0.56), the VenSat was 60.5% and 61.3% (p=0.35)
and the AV-difference was 34.0% and 32.9% (p=0.18), respectively. In choroidal melanoma
patients, alterations were detected: the mean ArtSat was 94.8% and 93.2% (p=0.006), the VenSat
was 58.0% and 60.0% (p=0.014) and the AV-difference was 36.8% and 33.2% (p<0.001),
respectively. The largest increase in AV-difference was observed between the retinal halves without
the lesion in melanoma eyes compared with the corresponding half in the fellow eye (37.5% vs.
32.1%, p<0.001).

Conclusion: Although retinal oximetry was not significantly altered in eyes with a choroidal nevus,
eyes with choroidal melanoma showed an increased ArtSat and decreased VenSat, leading to an
increased AV-difference. These changes may be caused by inflammation and a higher metabolism,

with larger oxygen consumption, leading to altered blood flow and intraocular oxygen relocation.
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INTRODUCTION

Although both arise from ocular melanocytes, a choroidal nevus (CN) is a benign ocular tumor,
whereas a choroidal melanoma (CM) is a malignancy. A choroidal nevus is rather common, with
a prevalence of 4.7 per 100 in the United States' and up to 6.5 per 100 in Australia.? Chroidal
melanoma is more rare, with an incidence of 4.3 per million,’ but forms the majority (>70%)
of all ocular melanoma.? Both lesions occur more often in Caucasians and are associated with a
phenotype of light skin and light eye color. Choroidal nevi are generally without symptoms and
can remain untreated, although occasionally (in about 1%) treatments, including laser treatment
or anti-vascular endothelial growth factor (VEGF) injections, are necessary to treat subretinal fluid
or choroidal neovascular membranes.* Typical symptoms of CM are flashes, floaters, and a decrease
in visual acuity (VA) or visual field defects. Despite treatment, including proton beam irradiation,

brachytherapy, or enucleation, up to 50% of CM patients will die from metastases.’

In the development of CM, angiogenesis is an important parameter because growing tumors require
new vessels to satisfy their demand to obtain oxygen and nutrients. An increased (histological)
microvascular density of the tumor was found to relate to a worse prognosis in choroidal and ciliary
body melanoma,®” and has been associated with the presence of monosomy 3, which is a major risk

factor for metastasis formation.®

Vascular changes are not restricted to the tumor tissue in CM. Using modern optical coherence
tomography angiography (OCTA) technology, retinal changes were identified in eyes with
untreated CM. These changes include enlargement of the deep foveal avascular zone and a decrease
of the capillary vascular density, suggesting tumor-related parafoveal microvascular ischemia.” These

retinal changes were not observed in a study on eyes containing a CN.'

A new technique to study retinal disease is through analysis of retinal vessel oxygenation by
noninvasive retinal oximetry."" Vessel oximetry provides information on the oxygen levels in arteries
and veins and the difference between them. A recent review describes findings in various (retinal)
disorders, including diabetic retinopathy and central retinal vein occlusion.’ After treatment for
CM, altered levels of retinal arterial and venous oxygenation were detected in patients with radiation
retinopathy.'® No pretreatment values were determined however, although such information might
help to understand why some eyes develop radiation retinopathy and others do not. To the best
of our knowledge, no studies on retinal oximetry in untreated melanoma or nevus eyes have as yet

been reported.

In this study, retinal oxygenation was investigated in eyes with untreated choroidal melanoma or

choroidal nevi. The aim was to identify whether the presence of a benign or malignant choroidal
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tumor affects the retinal vessels, and if so, to elucidate the mechanisms responsible. We hypothesized
that eyes with choroidal melanoma show increased oxygen consumption compared with nondiseased

eyes due to the tumor’s metabolism, with a lesser effect in eyes with choroidal nevi.

METHODS

Study Population

Patients with an untreated CM or CN were included in this study at the Leiden University Medical
Center (Leiden, The Netherlands), between September 2017 and May 2018. Patients were examined
by an experienced oncologic ophthalmologist, using clinical examination, ultrasound investigation,

and commonly fluorescein angiography.

Patients had to be 18 years or older at the moment of inclusion. Exclusion criteria were as follows:
a melanoma or nevus in the fellow eye, previous removal (enucleation or exenteration) of the
fellow eye, retinal disease in any eye (including age-related macular degeneration, central retinal
vein occlusion, branch retinal vein occlusion, and diabetic retinopathy), previous ocular treatment
with anti-VEGF medication in either eye, severe cataract, other opacities, or patient-related factors
limiting the investigation. The study was approved by the Institutional Medical Ethics Committee
of the LUMC (approval P17.134) and adhered to the tenets of the Declaration of Helsinki. Written

informed consent was obtained from all participants.

Clinical Examination

Lesion size was evaluated using ultrasound and color fundus photography. Thickness measurements
included the sclera. Flat lesions with no measurable thickness on ultrasound were assigned a default
thickness of 1.50 mm for the purpose of analysis. The location of lesions was scored as ‘central’ if the
lesion was fully between the arcades (or extended to the area between the arcades), as ‘arcades’ if it
was not central but touching the arcades or optic disc, or as ‘peripheral’ if it was fully outside of the
arcades and not touching the optic disc. Visual acuity was measured with Snellen charts. All ocular
symptoms were recorded, including (but not limited to) decrease of visual acuity, flashes, floaters,
pain, redness of the eye, or metamorphopsia. Both the affected (melanoma or nevus containing)
and fellow eye were investigated. Pupils were dilated for clinical examination with eye drops of
Tropicamide 0.5% and Phenylephrine 5%. Melanomas were staged according to the eighth edition
of the AJCC TNM classification.'

The presence of risk factors for growth of choroidal nevi was determined. These are a thickness of >2
mm, subretinal fluid, clinical symptoms, orange pigment, a margin within 3 mm of the optic disc,

absence of halo, absence of drusen, and ultrasound hollowness."®
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Retinal Oximetry

Retinal oximetry was performed with the Oxymap T1 device (Oxymap, ehf., Reykjavik, Iceland).
This noninvasive retinal oximeter is composed of two digital cameras, mounted on a fundus camera.
The device simultaneously takes two fundus images with different wavelengths of light, at 570
nm and 600 nm. Specialized software automatically selects measurement points on the images
and calculates the so-called ‘optical density’. The optical density of hemoglobin is sensitive to
oxygenation at 600 nm, but not at 570 nm; the ratio of the optical densities has a relationship
to oxygen saturation. A pseudo color fundus map is automatically generated. The reliability and

reproducibility of the Oxymap technique have been demonstrated before."!

Images were analyzed with the Oxymap Analyzer software version 2.5.2. An adapted version of
the protocol by Geirsdottir et al was used to select vessel segments.'® In short, a retinal image
centered on the optic disc was used for analysis (Figure 1). Oxygen saturation was determined by
the software in all retinal vessels in the area between two concentric circles of 1.5 and 3 optic disc
diameters around the optic disc. Vessel segments were manually selected with a width of at least 8
pixels (approx. 74 pm), and a length of at least 50 pixels. Vessel crossings or areas with extremes in
background brightness (due to e.g., undetected nearby vessels, scars, or hemorrhages) were excluded

from the analysis.

Figure 1. Pseudo color fundus map of a choroidal melanoma eye. The image is centered on the optic disc. In
this specific case the choroidal melanoma is visible at the lower right (arrow). The Oxymap software automatically
calculates vessel saturation and produces a color map (values correspond to the scale bar on the right side, ranging
from 0% (purple) to 100% (red)). Vessel segments between the concentric circles at 1.5 (A) and 3 (B) disc diameters
are manually selected for analysis. Vessels that are dark gray on the color map were too thin to acquire reliable

measurements, and are not included in the analysis.
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The mean width of selected arterial and venous vessel segments was reported (1 pixel corresponds to
approx. 9 um). The Oxymap Analyzer software provided an overall image quality score (0 low, 10

high) based on focus and contrast.

The overall retinal saturation of arteries (ArtSat), venules (VenSat), and the difference between
these (AV-difference) was calculated. The affected eye was compared with the fellow eye of the
same individual; the difference between two AV-differences was termed ‘relative AV-difference’
(Rel-AVdiff). A secondary analysis was performed on the saturation of the vessels in the retinal half

overlying or not overlying the lesion (Figure 2).

affected eye fellow eye

A

€ 4

affected retinal halves

non-affected retinal halves

€ 4

B

Figure 2. Comparison of retinal halves. In eyes with a choroidal melanoma or nevus, one retinal half can be defined
containing the lesion (“affected halves”) and one retinal half without the lesion (“nonaffected halves”). These halves
were compared with the corresponding halves in the fellow eye (visualized by “A” and “B”). Retinal halves were divided
by a horizontal or vertical line, seen from the optic disc, fitting the most appropriate division according to the location

of the melanoma or nevus.

Statistics

Nominal data were analyzed with the chi-square test or Fisher exact test. Continuous data were
analyzed with the independent t-test, paired t-test, or Kruskal-Wallis test, as appropriate. Linear
univariate regression analysis was performed, and hazard rations with 95% confidence intervals
were provided. Study data were analyzed with SPSS software version 23. P-values < 0.05 were

considered statistically significant.
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RESULTS

Patient Characteristics

A total of 45 patients with CM and 42 patients with CN were included. The mean age of the CM
patients was 65.5 years, and this was 66.0 years for the patients with CN (p=0.85). The melanomas
had a mean thickness of 4.0 mm and a mean largest basal diameter (LBD) of 11.9 mm; the nevi had a
mean thickness of 1.8 mm (p<0.001) and a mean LBD of 6.4 mm (p<0.001). Choroidal melanoma
lesions were staged T'1 (14 cases, 31%), T2 (21 cases, 47%), T3 (7 cases, 16%) or T4 (3 cases, 7%).
The general medical history showed that 18 (40%) of the CM patients had a cardiovascular disease
(including diabetes, hypertension, hypercholesterolemia and atrial fibrillation) as did 18 (43%)
of the CN patients (p=0.79). Of the CM patients, 9 (20%) had mild cataract in both eyes, versus
11 (26%) of CN patients (p=0.49). None of the studied patients had marked exudative retinal
detachment. The mean visual acuity of CM patients was 0.89 (20/22) for the affected eye, and 1.09
(20/18) for the fellow eye (p=0.001). For CN patients this was 1.06 (20/19) and 1.08 (20/19),
respectively (p=0.58). Table 1 shows the characteristics of the CM and CN patients.

Retinal Oximetry

We compared oximetry values between melanoma- or nevus-containing eyes with their fellow
eyes. In CM patients, a difference was noticed between the affected and fellow eye: the overall
ArtSat of the affected versus fellow eye was 94.8% versus 93.2% (p=0.0006), the overall VenSat was
58.0% versus 60.0% (p=0.014), and the AV-difference was 36.8% versus 33.2% (p<0.001). In CN
patients, the affected and fellow eye did not differ significantly: the overall ArtSat of the affected
versus fellow eye was 94.5% versus 94.2% (p=0.57), the overall VenSat was 60.5% versus 61.3%
(p=0.35), and the AV-difference was 34.0% versus 32.9% (p=0.18) (Table 2).

When we compared affected CM eyes to affected CN eyes, the AV-difference was found to be
significantly higher in melanoma-containing eyes (36.8% for CM and 34.0% for CN, p=0.04),
although the separate ArtSat (p=0.77) or VenSat (p=0.14) did not differ significantly.

Venous vessel segments of affected CM eyes were thicker compared with their fellow eyes (15.5
pixels vs. 14.9 pixels, p=0.019), whereas venous segments of the affected CN eyes were equally
thick compared with their fellow eyes (15.3 pixels vs. 15.3 pixels, p=0.83). There were no significant
differences in image quality between affected and fellow eyes for both CM and CN patients (p=0.19
and p=0.87, respectively) (Table 2).
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Table 1. Baseline Characteristics of Patients with Choroidal Melanoma or Nevus.

Melanoma patients

Nevus patients

Cases (%) Cases (%) p-value
Total 45 (100) 42 (100)
Sex
Male 27 (60) 14 (33) 0.013*
Female 18 (40) 28 (67)
Age
Mean + SD 65.5+14.2 66.0 £ 10.6 0.857
Side
OD 19 (42) 23 (55) 0.24*
(ON 26 (58) 19 (45)
Location
Central 9 (20) 8(19) 0.26%
Arcade 12 (27) 18 (43)
Peripheral 24 (53) 16 (38)
Thickness
Mean + SD 40+1.6 1.8+0.5 <0.001F
Largest Basal Diameter
Mean + SD 11.9+3.1 6.4+£2.7 <0.001F
TNM, T group (8")
T1 14 (31) N.A. N.A.
T2 21 (47)
T3 7 (16)
T4 3(7)
COMS size
Small 14 (31) N.A. N.A.
Medium 27 (60)
Large 409
Tumor pigmentation
Pigmented 36 (80) 34 (81) 1.00*
Amelanotic/Mixed 9 (20) 8 (19)

"Pearson Chi Square test.
" independent samples t-test.

# Fisher Exact test.

TNM, AJCC TNM classification; N.A., not applicable.
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Table 2. Outcome of Retinal Oximetry in Eyes With a Choroidal Melanoma or Nevus Versus the Contralateral Eyes.

Melanoma patients (n=45) Nevus patients (n=42)

Affected eye Fellow eye p-value  Affected eye ~ Felloweye  p-value

ArtSat (%) 94.8 £+ 4.8 93.2+49 0.006 94.5+ 4.2 942 £3.6 0.56
VenSat (%) 58.0 + 8.4 60.0+9.3 0.014 60.5+7.2 61.3+6.7 0.35
AV-diff (%) 36.8+6.3 33.2+7.0 <0.001 34.0 6.0 329+55 0.18
Art. Diam. (pixels)* 120+ 1.2 120+ 1.0 0.98 12.1+1.2 121+ 1.1 0.80
Ven. Diam. (pixels)* 155+ 1.6 149+ 1.5 0.019 153+1.5 153+ 1.4 0.83
Image Quality (score)t 7.6+0.8 7.8+0.8 0.19 7.9+0.6 7.9+0.6 0.87

Values are reported as mean + SD. All p-values were obtained using the paired samples t-test

*One pixel width corresponds to approx. 9 u.

#Overall image quality as provided by the Oxymap Analyzer software (scale: 0 = low, 10 = high).

ArtSat, Arterial Saturation; VenSat, Venous Saturation; AV-diff, Arteriovenous difference; Art. Diam., Arterial Diameter;

Ven. Diam., Venous Diameter.

To determine whether the presence of a tumor affected the whole eye, we compared the affected and
nonaffected retinal halves with their corresponding half in the fellow eye. A visual representation
of these comparisons is provided in Figure 2. When we compared the affected retinal halves in
CM patients with the corresponding halves in their fellow eye, a significant increase in ArtSat
(94.9% vs 93.1%, p=0.027) was observed in the CM eye. There were no differences in VenSat or
AV-difference (p=0.92 and p=0.096, respectively). A comparison of the nonaffected retinal halves
in CM patients demonstrated a significant increase in ArtSat in the affected eye (94.5% vs. 93.0%,
p=0.02), with additionally a significant decrease in VenSat (57.0% vs. 60.8%, p=0.001) and a
significant increase in AV-difference (37.5% vs. 32.1%, p<0.001) In CN patients, no significant
differences in ArtSat, VenSat or AV-difference were detected between the affected and nonaffected

retinal halves of affected and fellow eyes (Table 3).

We wondered whether patient- or tumor-related factors contributed to the observed oximetry
values in CM and CN patients. We noticed that a correlation existed between the AV-differences
of the affected and the fellow eye in both groups: the Pearson correlation for CM patients was 0.77
(p<0.001), and for CN patients was 0.57 (p<0.001). This implies that further analyses should be
performed using the relative AV-difference, as this parameter indicates the difference between the

two eyes in one individual and, therefore, yields the overall effect of the presence of either a CM

or CN.

In CM patients, a significant relation was found between older age and a higher Rel-AVdiff (linear
regression, B=0.19, 95%CI 0.11-0.27, p<0.001). None of the other parameters (including tumor
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thickness and location of the lesion in relation to the macula, arcades or periphery) was found to
correlate significantly with the Rel-AVdiff (see Table, Supplemental Digital Content 1, htep://links.
Iww.com/IAE/B156).

In CN patients, right eyes were related to a higher Rel-AVdiff (p=0.002), as was absence of
ultrasound hollowness (p=0.015). None of the other parameters, including the presence of multiple
risk factors for melanoma progression, was found to correlate significantly with the Rel-AVdiff (see

Table, Supplemental Digital Content 2, http://links.Iww.com/IAE/B157).

Table 3. Outcomes of Retinal Oximetry per Retinal half.

Melanoma patients (n=45) Nevus patients (n=42)

Affected eye Fellow eye ~ p-value  Affected eye Fellow eye p-value

(A) Comparison of affected retinal halves

ArtSat (%) 949+5.8 93.1 £5.1 0.027 95.4 6.0 939 +4.4 0.079

VenSat (%) 58.3+9.7 58.4+11.7 0.92 60.9 £ 8.4 60.4 £ 8.1 0.65

AV-diff (%) 36.6 + 8.4 347+9.2 0.096 345+7.6 33.5+6.6 0.41
(B) Comparison of nonaffected retinal halves

ArtSat (%) 94.5+5.3 93.0+6.3 0.020 93.5 + 4.1 94.3 +3.9 0.093

VenSat (%) 57.0 £9.6 60.8 +9.1 0.001 59.5+8.2 61.4+7.2 0.10

AV-diff (%) 375+7.3 321+7.7 <0.001 34.0£6.8 32.9+6.6 0.33

Values are reported as mean + SD. All p-values were obtained using the paired samples t-test.

ArtSat, Arterial Saturation; VenSat, Venous Saturation; AV-diff. Arteriovenous difference.

Reported is the saturation of the affected versus similar retinal half in the fellow eye (A), and the saturation of the non-affected
versus similar half in the fellow eye (B). A schematic explanation of the comparisons is provided in Figure 2.

DISCUSSION

In this study, we compared retinal oximetry of eyes with untreated choroidal melanoma or choroidal
nevi with their fellow eye. We identified alterations in ArtSat and VenSat with a higher AV-difference
in eyes with CM, whereas this was not observed in eyes with CN. In CM patients, older age was
related to a higher Rel-AVdiff comparing affected and fellow eyes. As far as we know, these are new
observations in CM, implicating that the presence of a melanoma is related to widespread retinal

changes.

We hypothesize that multiple events contribute to the increased AV-difference in CM eyes. The

increased oxygen demand of active tumor cells is the first step. Because CM is considered to be
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mainly fed by vessels from the choroid, this would imply a role in tumor nourishment for the
retinal vasculature that was investigated in this study. Because there is interaction between the
choroidal and retinal circulation,"” and oxygen can diffuse within these layers,'® this can be plausible
although it should be noted that we are unaware of studies that examined the retinal contribution
to nourishment of choroidal lesions. There must be a second step, however, as regional differences
in oxygenation also occurred in the nonmelanoma-containing part of the retina in CM eyes. This
means that the presence of a tumor affects a large part of the eye. We did not observe a relation
between oximetry values, obtained from vessels around the optic disc, and the location of the
tumor as being central, near the arcades, or periphery. This contributes to the idea of a generalized

involvement of the eye.

Central to overall retinal changes in CM eyes may be the presence of inflammation. Melanoma eyes
contain higher concentrations of VEGF-A in both the aqueous and vitreous fluid,'**" and several
other inflammatory cytokines and chemokines (including IL-6, IL-10, TNF-alfa) were found to
be clevated in the vitreous as well.?! Supporting the relation between inflammation and retinal
oximetry, aberrant retinal oximetry values were correlated with the presence of various inflammatory
markers of the aqueous humor in patients with diabetic retinopathy.” In diabetic retinopathy, as
well as other ischemic retinopathies, inflammation and angiogenesis are known to be linked.?** The
production of VEGEF-A in eyes with UM, as measured in aqueous humor, was positively related to
UM tumor diameter and originated from both the tumor and overlying retinal tissue.” Because
these cytokines reach other parts of the retina besides the tumor-overlying tissue, metabolic changes

(which can be measured with the retinal oximetry) can be expected there as well.

An increased AV-difference of the nonaffected retinal halves in melanoma eyes may additionally
be explained by oxygen relocation. Because the melanoma needs an increased amount of blood,
a relative decrease in flow can be expected in the nonaffected retinal parts. A larger AV-difference
would thereby reflect the increased extraction of oxygen from the reduced amount of available
blood. This mechanism would be comparable to eyes with ischemic disease as central retinal vein

occlusion, similarly detecting an increased overall AV-difference in the area with diminished flow.”

Another factor that may be of importance to the amount of oxygen in retinal vessels of melanoma
eyes is the Warburg effect. This effect describes the phenomenon that cancer cells use anaerobic
glycolysis for nourishment rather than aerobic pathways, despite the presence of oxygen.?® This effect
underlies modern-day positron emission tomography (PET) scans, using the enhanced glucose
uptake to demonstrate the presence of malignancies. As mentioned before, there is interaction

between the choroidal and retinal circulation,!”!8

although the magnitude of this interaction is
not known for CM eyes. Implying a role for the Warburg effect in ocular melanoma, the relation
between tumor presence and oxygen uptake may be complicated (as both an increased oxygen

uptake due to tumor activity or a decreased oxygen uptake due to altered metabolism can be
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expected). This effect may explain the absence of a relation between tumor size and AV-difference
in our study, as larger tumors would not necessarily require more oxygen (Figure 3). Even more, it
may add to the mechanism of increased oxygen uptake in the nonaffected retinal half, as the affected

retinal half demonstrates an aberrant metabolism relying more on glucose than on oxygen.
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Figure 3. Relative AV-difference versus largest basal tumour diameter in choroidal melanoma patients. The
relative AV-difference (i.e. the AV-difference of the affected eye minus the AV-difference of the fellow eye) is plotted
against the largest basal diameter of the tumour in choroidal melanoma patients. The correlation is not statistically
significant, with a correlation coefficient of 0.180 (p=0.24). This implies that in our study, no relation exists between

tumour size and the relative AV-difference.

Older age was related to a larger Rel-AVdiff in CM patients. This means that the effect of melanoma
presence on retinal oximetry is larger in older patients than in younger patients. We hypothesize that
increased vessel wall stiffness in older patients limits flow alterations to account for increased oxygen
demand, resulting in a larger extraction of oxygen from the available blood. In addition, tumor
infiltrate may be involved because murine experiments demonstrated a relationship between older
age and an increase of macrophages;*”*® which have been suggested to be relevant for differences in
tumor angiogenesis.>*

In this study, we detected retinal oxygen imaging changes in CM eyes but not in CN eyes. This is in
line with findings using OCTA, demonstrating foveal changes in melanoma eyes but not in nevi."
Differences may be due to a lower metabolic activity in nevi and to less local inflammation. Also,
because of slow growth and a longer presence, recovery mechanisms may be more pronounced in

nevus eyes, limiting differences in oximetry. Lesion size may be relevant as well, as it may act as
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a barrier between the choroidal and retinal vasculature, and choroidal nevi are often smaller than
melanoma. However, becuase lesion size did not relate to retinal oximetry within both the groups

of melanoma or nevi in this study (Figure 3), this effect may be of limited concern.

Retinal oximetry has been described in many (ischemic) retinal diseases,'** but, as far as we
know, not in untreated CM or nevi. In a small study of eight patients with radiation retinopathy
after treatment for CM, a reduced blood flow with increased ArtSat and VenSat was identified in
affected eyes.” No pretreatment values were reported however. An interesting comparison can be
made with studies on retinal vasculature in treatment-naive melanoma and nevi using OCTA. It
was found that the deep foveal avascular zone was larger in macular melanoma compared with
healthy eyes. This was not the case for extramacular melanoma or nevi. Capillary vessel density
was reduced in melanoma eyes but not in nevus eyes.'” The authors hypothesized that parafoveal
ischemia occurred due to tumor-related ischemia and intraocular leakage of cytokines. Our results
on whole-eye involvement of saturation changes are in line with this finding, although we did not
detect a difference between tumors located close to the macula and extramacular lesions. Another
study detected higher ocular (choroidal) blood flow in eyes with uveal melanoma compared with

the fellow eye, in line with the theory of increased demand due to the presence of a tumor.”!

Our study is the first study to report on retinal oximetry in treatment-naive melanoma and nevi.
This provides baseline values for CM and CN, without the influence of earlier treatments. Because
both eyes of each patient were examined in our study, a good comparison could be made, adjusting
for patient-related parameters as systemic disease and age. Also, we could compare similar areas
between the affected and fellow eyes, as it is known that oxygen levels are different for various areas

of the retina, hampering comparisons within one eye."

Because image quality and presence of comorbidity were similar between affected and fellow
eyes, we feel that is unlikely that our results are due to measurement artifacts. Even more, low
image quality or presence of cataract would lead to lower values of saturation in both arteries and

32,33

venules,”** although we detected a higher ArtSat in melanoma eyes; an additional mechanism is

therefore needed to explain our findings.

It could be hypothesized that co-occurring retinal detachment, a condition that might cause
retinal nonperfusion, may influence the AV-difference in our study. None of the studied patients
had marked exudative retinal detachment, however, so it is not expected that this has biased the
conclusions. Even so, the presence of subretinal fluid (which was more prevalent in melanoma
eyes) could be hypothesized to have influenced the results. To test this, we compared melanoma
eyes without subretinal fluid (n=19) to nevus eyes with subretinal fluid (n=3), as this should force
effects into opposite directions. We found that the AV-difference in melanoma eyes remained higher
compared with nevus eyes (mean 37.3%, SD 4.9 vs. 35.8%, SD 6.8; p=0.66) although this was not
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statistically significant. However, the small number of nevus eyes hampers a statistical comparison.
Although we observed that right eyes in CN patients were related to a higher Rel-AVdiff, we believe

that this was by chance only and not reflecting a relevant pathophysiologic mechanism.

Currently, fluorescein angiography is a commonly used imaging technique to help differentiate CM
from other lesions as hemangioma or nevi. This is an invasive technique, requiring the intravenous
injection of a contrast agent. Although no pathognomonic pattern exists for CM, the characteristics
include intrinsic circulation (due to abnormal vessels), hot spots (due to pinpoint leaks from the
retinal pigment epithelium) and late leakage. Our study identifies a new parameter that differs
between CM and CN (i.e. increased oxygen use). Because the observed differences between eyes with
CM and CN are small, this will currently not be of use as a diagnostic criterion, but it demonstrates
that melanoma-related vascular alterations are present. An interesting future project would be to
investigate whether retinal oximetry identifies patients with a higher risk of developing radiation
retinopathy after radiation therapy, which could then have clinical implications to detect or follow
selected patients, allowing for early treatment. Also, knowledge obtained by retinal oximetry may

aid in the understanding of other imaging techniques, such as OCTA.

Concluding, our current study demonstrates that the presence of a CM influences the vessel
oxygenation of the whole eye, which is probably due to an increased oxygen metabolism; this was not
observed in eyes with CN. Future projects may test the value of oximetry in the identification and
follow-up of patients with radiation retinopathy, and may guide future studies into antiangiogenic

therapies.
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SUPPLEMENTARY MATERIAL

Supplemental Digital Content 1, Table. Clinical parameters related to Rel-AVdiff in choroidal melanoma patients.

Low Rel-AVdiff* High Rel-AVdiff*
Cases (%) Cases (%)
Total 23 (100) 22 (100) p-value
Sex
Male 15 (65) 12 (55) 0.47¢
Female 8 (35) 10 (45)
Age
Mean + SD 60.3 +15.6 70.9 £ 10.4 0.0117
Side
OD 10 (43) 9 (41) 0.86¢
(o) 13 (57) 13 (59)
Location
Central 6 (26) 3 (14) 0.417
Arcade 7 (30) 5(23)
Peripheral 10 (44) 14 (64)
Thickness
Mean + SD 4.00 + 1.4 4.02+1.8 0.97'
Largest Bas Diameter
Mean + SD 11.9+2.9 11.8+3.4 0.927
TNM, T group (8")
T1 6 (26) 8 (36) 0.67**
T2 11 (48) 10 (46)
T3 5(22) 2(9)
T4 1(4) 209
COMS
Small 6 (26) 8 (36) 0.81**
Medium 15 (65) 12 (55)
Large 2(9) 2(9)
Pigmentation
Pigmented 19 (83) 17 (77) 0.87**
Amelanotic 3(13) 3 (14)
Mixed 1(4) 209
Subretinal fluid
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Supplemental Digital Content 1, Table. Continued

Low Rel-AVdiff* High Rel-AVdiff*
Cases (%) Cases (%)

Total 23 (100) 22 (100) p-value
No 11 (48) 8 (36) 0.44*
Yes 12 (52) 14 (64)

Symptoms
No 10 (43) 9 (41) 0.86°
Yes 13 (57) 13 (59)

Orange pigment
No 13 (59) 15 (68) 0.53*
Yes 9 (41) 7(32)

Margin < 3mm of optic disc
No 17 (74) 20 (91) 0.24*
Yes 6 (26) 2(9)

SD = Standard Deviation; TNM = AJCC TNM classification.

* Low and High groups are separated based on the median Rel-AVdiff-
" One lesion could not be scored on these items due to its location.

# Pearson Chi Square test.

** Fisher Exact test.

" Independent samples t-test.
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Supplemental Digital Content 2, Table. Clinical parameters related to Rel-AVdiff in choroidal nevus

patients.
Low Rel-AVdiff* High Rel-AVdiff*
Cases (%) Cases (%)
Total 21 (100) 21 (100) p-value
Sex
Male 5(24) 9 (43) 0.19**
Female 16 (77) 12 (57)
Age
Mean + SD 65.4+12.3 66.5 + 8.8 0.74%
Side
OD 6(29) 17 (81) 0.002**
oS 15 (71) 4(19)
Location
Central 4(19) 4(19) 0.927
Arcade 10 (48) 8 (38)
Peripheral 7 (33) 9 (43)
Thickness
Mean + SD 1.76 £ 0.35 1.84 £ 0.54 0.61%
Largest Bas Diameter
Mean + SD 6.96+2.8 5.89+2.7 0.22%
Nevus Thickness Cat
Small (<1.5mm) 10 (48) 12 (57) 0.54**
Large (21.5mm) 11 (52) 9 (43)
Pigmentation
Pigmented 18 (86) 16 (76) 0.83""
Amelanotic 2 (10) 4(19)
Mixed 1(5) 105
Risk Factors™
0-4 18 (90) 16 (89) 1.00%*
5-8 2 (10) 2(11)
Thickness >2 mm
No 15 (71) 15 (71) 1.00**
Yes 6(29) 6(29)
Subretinal fluid
No 20 (95) 19 (90) 1.00**
Yes 1(5) 2 (10)
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Supplemental Digital Content 2, Table. Continued.

Low Rel-AVdiff* High Rel-AVdiff*
Cases (%) Cases (%)
Total 21 (100) 21 (100) p-value
Symptoms
No 18 (86) 18 (86) 1.00%*
Yes 3 (14) 3 (14)
Orange pigment
No 18 (86) 15 (71) 0.45**
Yes 3 (14) 6(29)
Margin < 3mm of optic disc
No 14 (67) 14 (67) 1.00**
Yes 7 (33) 7 (33)
Ultrasound Hollow*
No 10 (50) 16 (89) 0.015**
Yes 10 (50) 2(11
Halo Absent®
No 165 2 (10) 0.61*
Yes 20 (95) 18 (90)
Drusen Absent
No 11 (52) 7 (33) 0.21**
Yes 10 (48) 14 (67)

SD = Standard Deviation; TNM = AJCC TNM classification.

* Low and High groups are separated based on the median Rel-AVdiff:

" Risk factors are: thickness of >2mm, subretinal fluid, clinical symptoms, orange pigment, a margin within 3mm of the optic
disc, absence of halo, absence of drusen, and ultrasound hollowness.”

¥ Four lesions in total could not be scored due to missing data.

" Pearson Chi Square test.

" Fisher Exact test.

# Independent samples t-test.
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ABSTRACT

PURPOSE: To study the feasibility and diagnostic value of vascular imaging using optical coherence
tomography (OCT)-angiography (OCTA) of melanocytic lesions of the conjunctiva and iris.

DESIGN: Cross-sectional study.

METHODS: Twenty-five patients with an untreated conjunctival lesion (5 melanoma, 13 nevus, 7
primary acquired melanosis [PAM]) and 52 patients with an untreated iris lesion (10 melanoma, 42
nevus) were included. Patients were imaged using a commercially available OCTA device, with the
addition of an anterior segment lens and manual focussing. Tumor vessel presence, vascular patterns

and vascular density were assessed.

RESULTS: Good OCTA images were obtained in 18 of 25 conjunctival lesions and 42 of 52 iris
lesions. Failure was caused by lack of patient cooperation, an unfavorable location, or mydriasis.
In all imaged conjunctival lesions and 77% of iris lesions, vascular structures were detected.
Conjunctival melanoma and nevi demonstrated the same intralesional tortuous patterns, whereas
vasculature in eyes with PAM was similar to normal conjunctiva. Both iris melanoma and nevi

demonstrated tortuous patterns, distinct from the radially oriented normal iris vasculature.

CONCLUSIONS: Optical coherence tomography angiography (OCTA) allows for noninvasive
imaging of the vasculature in melanocytic lesions of the conjunctiva and iris. Good image quality
depends highly on patient cooperation and lesion characteristics. Differentiation of benign and
malignant lesions was not possible. New software is called for to improve image acquisition and

analysis.
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INTRODUCTION

Nevi of the conjunctiva or iris are relatively common conditions, requiring no further treatment
apart from close observation or excision for cosmetic reasons.” Malignant melanoma of the
conjunctiva or iris, however, have the potential to metastasize and treatment is generally indicated.**
Clinical differentiation of these entities can be challenging,* despite imaging techniques such as

ultrasonography and optical coherence tomography (OCT) of the anterior segment.

A factor to differentiate melanocytic lesions of the eye, is tumor vascularity. Fluorescein angiography
(FA) has long been used to differentiate between benign and malignant choroidal lesions.>® Since
the early 1970s, FA was used to study iris lesions as well.”* Benign iris lesions demonstrated less
chaotic patterns than malignant lesions and even showed silencing (masking) of the FA signal,’'?
but there has been no full agreement on all FA findings, such as orderly patterns or leakage of
dye.'"31> The usefulness of dye-based angiography of the conjunctiva has long been limited since
low-molecular-weight fluorescein easily leaks from vessels,'® and to these authors’ knowledge, no
studies of dye-based angiography of the intrinsic vasculature of conjunctival melanoma, nevi or
primary acquired melanosis (PAM) exist. As a drawback for FA, the technique is relatively time
consuming and requires injection of dye, with potential adverse events.'”'®

A new and non-invasive technique to study ocular vasculature is OCT-Angiography (OCTA).
‘This technique has been developed to depict the retinal vasculature.” By measuring changes in
sequential cross-sectional images (B-scans), flow can be visualized without the need for intravenous
dye injection. OCTA has several additional advantages, such as high image quality, visualization of
vessels at different depths, and easy operating instructions. Recently it was demonstrated that, apart
from imaging retinal vessels, OCTA can image tumor vessels in choroidal melanoma and nevi as
well 2022

With some adjustments to the conventional posterior segment technique (using an anterior
segment lens, and (manual) focussing on the ocular surface), OCTA can detect vascular flow in the
anterior segment as well.”> Small series have demonstrated proof-of-principle in iridal, corneal and
conjunctival tissue.”*?* Most commercially available OCTA devices do not support the full range
of image acquisition and analysis modes for the anterior segment that were developed for retinal
images; however, and obtaining good image quality can therefore be challenging.”” Using OCTA of
the anterior segment, Skalet and associates demonstrated vascular patterns in pigmented lesions of
the iris and found a difference in vascular density between three iris nevi and three iris melanomas.*
To the present authors knowledge, no studies of OCTA of melanocytic lesions of the conjunctiva

exist.

The feasibility of OCTA of melanocytic lesions of the conjunctiva and iris were studied, with a

second aim of identifying differentiating features between benign and malignant lesions.
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METHODS

Patient selection

Patients were recruited at the Leiden University Medical Center (LUMC), a tertiary hospital for
ocular oncology in The Netherlands. Included were patients with a treatment-naive conjunctival
melanoma (n=5), conjunctival nevus (n=13), primary acquired melanosis (PAM, n=7), iris melanoma
(n=10), or iris nevus (n=42). Patients were seen and diagnosed in the ophthalmo-oncology clinic of
the Department of Ophthalmology. Standard clinical examinations were performed including slit

lamp examination and anterior segment photography.

Approval for this cross-sectional study was obtained from the Institutional Ethics Review Board of
the LUMC (approval number P17.134). The tenets of the declaration of Helsinki were followed.

All patients signed an informed consent.

Conjunctival lesions

All 5 conjunctival melanoma cases were confirmed by histology. In 9 of 13 cases, the diagnosis of
conjunctival nevus was confirmed by histology; 4 cases were diagnosed clinically (with circumscribed
lesions and cysts; in 3 of those cases the lesion had not changed in more than 30 years, and in
1 case in more than 9 years).>” Six cases were diagnosed with PAM, which was confirmed by
biopsy (showing 4 cases with atypia, and 2 without), whereas 1 case was diagnosed clinically (with
a unilateral diffuse lesion and variable presence [i.e. “waxing and waning”]).? Where possible, the
thickness of conjunctival lesions was determined by histology, the largest basal diameter was assessed

by clinical measurements.

Iris lesions

Ultrasonography was performed on all iris lesions to determine lesion size and extent. Iris lesions
were diagnosed by clinical and ultrasonographic characteristics. Diagnosis of melanoma was based
on tumor size, evidence of growth, ultrasonographic structure, visibility of vessels, and secondary
symptoms such as elevated intraocular pressure or cataract.’®* Biopsies were only performed in 2

patients, confirming the clinical diagnosis of 1 iris nevus and 1 iris melanoma.

OCTA acquisition and analysis

Images were taken prior to any surgical procedure. OCTA scans were performed using an “RS 3000
Advance” OCTA device (Nidek, Ltd, Gamagori, JA). A device-specific anterior segment lens was
inserted. Patients were positioned in front of the device and instructed to focus on either the external
fixator light or gaze in a specific direction. Conjunctival lesions were assessed under dimmed light
conditions, and iris lesions were assessed under ambient room lighting to create miosis. First, the

anterior segment lens was positioned close to the ocular surface to retrieve a signal from the tissue of
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interest. Second, the focus was manually adjusted to obtain the clearest view. Images were acquired
in retinal mode (while focussing on the conjunctiva or iris), with an image size setting of 3x3 mm
for all patients (for detailed vessel density calculation), and additional scans of up to 9x9 mm were
taken for larger lesions (for an overview). Image resolution of all scans (regardless of the size of
the depicted area) was 256x256 pixels. Images were acquired in ‘skip mode’, as the trace function

(developed for retinal imaging) proved not suitable to trace the surface of the conjunctiva or iris.

Images were assessed using the device-specific software Navis-Ex version 1.8 (Nidek). As the
automated image segmentation (developed to delineate retinal layers) misinterpreted the
conjunctival and iridal structures, 2 segmentation lines were drawn manually to include the lesion

of interest.

First, it was recorded if an acceptable image was obtained, that is, if a full scan was completed,
including the lesion of interest, without major surface-trace issues resulting in total artefacts.
Second, the presence of vessel-like segments was noted, in healthy conjunctiva or iris tissue (to
assess successful imaging) and at the site of the lesion. When vessels were visible in the lesion,
image quality of those vessels was graded subjectively as (grade 1) clear visibility, (grade 2) medium

visibility, or (grade 3) nonclear visibility.

Vessel density (VD) was quantified in the en-face images of a subset of patients using Image]
software (National Institutes of Health, Besthesda, Maryland, USA). The lesion of interest was
selected manually, binarization was performed with an Otsu threshold.*® In the area of interest,
pixels attributed to vessels (those above the threshold) were counted and expressed as a percentage

of the total selected area size.

In conjunctival lesions, VD was first calculated in all bulbar lesions (excluding lesions of the
caruncle or plica), and a second analysis was performed excluding heavily pigmented and grade 3
quality lesions (to limit the influence of signal masking by heavy pigmentation and noise). In iris
lesions, the VD was similarly calculated in those cases with a light or modest tumor pigmentation

and grades 1-2 image quality. The en-face area of ectropion uveae was excluded from analysis.

Anterior Segment-OCT imaging

Each lesion was assessed with high-resolution anterior segment (AS)-OCT using the same imaging
device that was applied for AS-OCTA. The anterior segment lens was inserted, capturing images in
regular anterior segment mode. Images with a width of 6.0 mm were acquired in a radial pattern at

‘ultra fine’ resolution.

277




Chapter 5.2

Statistical analysis

Statistical analyses were performed using SPSS version 23 software (IBM, Armonk, New York,
USA). For all analyses, p values < 0.05 were considered significant. Differences between continuous
data were tested using the Mann-Whitney U or Kruskal-Wallis test. Differences between discrete

data were tested with the Fisher exact or linear-by-linear test.

FOV when examining the anterior segment

Due to different optics when examining the anterior segment, the automated scales to measure
retinal or choroidal structures were not fully applicable to this study. To determine the field of view
(FOV) of the anterior segment, a calliper was placed with a fixed width of 9.0 mm in front of the
anterior segment lens and a scan was acquired with a setting of 9 x 9 mm (Supplemental Figure;
available at AJO.com). By comparing the ratio between the calliper size and the scanned image size,
the true FOV in the settings proved to be 12.3 x 12.3 mm. A similar technique to determine the
FOV of anterior segment OCTA was reported by Liu and associates, resulting in comparable (yet

device-specific) values.?

RESULTS

Patients

Twenty-five patients with conjunctival lesions were included. Five of the lesions (20%) were
diagnosed as conjunctival melanoma, 13 (52%) as conjunctival nevus, and 7 (28%) as PAM. The
mean age of patients with a conjunctival lesion was 48.2 year. All lesions were epibulbar or involved
the plica or caruncle; all 5 conjunctival melanoma were stage pTla (TNM staging system, 8®

edition) .’

Fifty-two patients with an iris lesion were included. Ten of them (19%) received diagnoses of iris
melanoma and 42 (81%) of iris nevus. The mean age of patients with an iris lesion was 61.4 years.
The TNM stage of the iris melanoma was T1a (n=6), T1b (n=1), T1c (n=1), T2a (n=1); 1 case of
predominantly ciliary body melanoma with significant iris involvement was T2b (TNM staging

system, 8" edition).”” Further patient and tumor characteristics are provided in Table 1.
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Table 1. Characteristics of the included patients.

Conjunctival Conjunctival Iris Iris
Melanoma Nevus PAM Melanoma Nevus
n=5 n=13 n=7 n=10 n=42
Cases (%) Cases (%) Cases (%) Cases (%) Cases (%)
Sex
Male 2 (40) 4(31) 2(29) 5 (50) 23 (55)
Female 3 (60) 9 (69) 5(71) 5 (50) 19 (45)
Mean age, y 61.0 38.2 57.7 60.4 61.6
Mean thickness, mm?* 0.77 N.A. N.A. 2.0 1.1
Mean LBD, mm 6.6 3.3 N.A. 6.4 3.9
Lesion Pigmentation
Amelanotic/light 3 (60) 5(38) 3 (43) 2 (20) 15 (36)
Medium 1(20) 431 4(57) 5(50) 13 (31)
Dark 1 (20) 4 (31) 0 (0) 3 (30) 14 (33)
Location in the conjunctiva
Bulbar 5 (100) 7 (54) 7 (100) N.A. N.A.
Plica/caruncle 0 (0) 6 (46) 0 (0) N.A. N.A.
Location in an iris quadrant
Superior N.A. N.A. N.A. 1(10) 6 (14)
Inferior N.A. N.A. N.A. 6 (60) 20 (48)
Temporal/Nasal N.A. N.A. N.A. 3 (30) 16 (38)
Mean clock h, size N.A. N.A. N.A. 2.4 1.7
Secondary cataract N.A. N.A. N.A. 0 (0) 1(2)
IOP > 20 or IOP treatment N.A. N.A. N.A. 3 (30) 7 (17)
Ectropion uveae N.A. N.A. N.A. 6 (60) 20 (48)
Iris Color
Blue N.A. N.A. N.A. 10 (100) 37 (88)
Green N.A. N.A. N.A. 0 (0) 4 (10)
Brown N.A. N.A. N.A. 0 (0) 1(2)

10P = intraocular pressure; LBD = largest basal diameter; N.A. = not applicable; PAM = primary acquired melanosis.
Values are n (%).

* Data for lesion thickness (assessed by histology) were available for all conjunctival melanoma but none of the conjunctival
nevi or PAM.
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Conjunctival lesions

OCTA scans were acquired successfully in 4 of 5 (80%) conjunctival melanoma patients, and 8 of
13 (62%) conjunctival nevus patients. Causes for failure were patient noncooperation (n=3), lack of
focus (n=2 caruncular lesions), or a bulbar location behind the upper eyelid (n=1). Manual lifting
of the upper eye lid proved not feasible as this resulted in minor movements that hampered the

investigation (Supplemental Table; available at AJO.com).

In all 4 successfully imaged conjunctival melanoma, and all 8 successfully imaged conjunctival
nevi, tortuous vascular structures were detected, distinct from the adjacent conjunctiva (Figure
1). Image quality was better in lightly pigmented lesions compared to dark lesions (Table 2). The
plica/caruncle proved difficult to image due to its irregular shape (Table 2). In many nevi, cysts
were observed that lacked vascularity. No clear differences were seen between vascular patterns of

conjunctival nevi and melanoma.

Table 2. Comparison between the Visibility of Vessels (Image Quality) and Lesion Characteristics.

Clear Medium Nonclear
n=13 n=18 n=21
Image quality Cases (%) Cases (%) Cases (%) p-value
Lesion Pigmentation (/)
Amelanotic/light 9 (69) 7 (39) 5 (24) 0.006*
Medium 3 (23) 9 (50) 9 (43)
Dark 1(8) 2(11) 7 (33)
Mean patient age, y 44.2 60.5 61.2 0.019°¢
Location (Conjunctival lesions) n=4 n=10 n=4
Bulbar 4 (100) 9 (90) 2 (50) 0.065*
Plica/caruncle 0 (0) 1(10) 2 (50)
Location (Iris lesions) n=9 n=8 n=17
Superior 0(0) 0 (0) 2 (12) 0.45°
Inferior 5 (56) 7 (88) 9 (53)
Temp/Nasal 4 (44) 1(12) 6 (35)

Values are n (%).

“ Linear-by-linear test;

b Kruskal-Wallis test;

¢ P value comparing age in groups ‘clear’ vs ‘medium’ quality is p=0.022 (Mann-Whitney U test)
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In 6 of 7 patients (86%) with PAM, OCTA scans were acquired successfully. In 1 case, the lesion
proved small and was misidentified during scanning. Vascular structures were detected in all images,
both when the full conjunctiva and sclera were selected, and when only a superficial layer of tissue
(approximating the epithelium) was selected for analysis (Figure 2). The vasculature at the area of
PAM appeared similar to the normal conjunctival vessels of the contralateral eye, although in PAM

the vasculature appeared to be somewhat finer (Figure 2).

Slit lamp HR Ant. Segm. OCT En-face OCTA

Figure 1. Conjunctival melanoma and nevi. Vascular structures were seen in all conjunctival lesions. Image quality

was higher in lightly pigmented lesions (Patient A, conjunctival melanoma) compared to those with dark lesions
(Patient B, conjunctival melanoma), and had better signal penetrance. In conjunctival nevi (Patient C), cysts were

often seen as areas with no apparent vasculature. (All OCTA scans were acquired in a 3x3mm setting.)
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Slit lamp HR Ant. Segm. OCT En-face OCTA En-face OC

TA

Superficial

Contralateral eye

Figure 2. PAM and healthy conjunctiva. The vascular pattern in eyes with PAM (A, top row) was similar to the
pattern in the contralateral eye with unaffected conjunctiva (B, bottom row), although the meshwork might have
been somewhat finer. Both a full-thickness selection of tissue (including sclera and conjunctiva) and a superficial layer
selection (approximating the conjunctival epithelium) are presented. (All OCTA scans were acquired in a 3x3mm

setting.) PAM = primary acquired melanosis.

The median vascular density (VD) of quantified bulbar lesions was 35.5% in conjunctival
melanoma (n=4), and 32.5% in conjunctival nevi (n=5) (p=0.62). In a further selection of light and
medium pigmented cases only, this was 38.3% (melanoma, n=3) and 37.0% (nevi, n=3) (p=0.51)
(Table 3). The median VD of PAM was 40.3% (n=5), whereas that of paired conjunctiva tissue of
contralateral eyes was 41.1% (p=0.14). The VD was decreased in heavily pigmented conjunctival
lesions compared to lightly pigmented lesions (median VD 29.1% n=3, and 38.4% n=12, p=0.014)
(Figure 3). The presence of cysts was noticed: cysts were seen on scans in 0 of 6 melanoma, 4 of 8
nevi and 0 of 6 PAM, p=0.046.
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Figure 3. Vascular density and pigmentation of conjunctival lesions. The VD was higher in lightly pigmented
lesions compared to dark lesions (p=0.014), suggesting a masking effect due to pigment. VD = vessel density.
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Iris lesions

OCTA scans were acquired successfully in 9 of 10 patients (90%) with iris melanoma and 35 of 42
patients (83%) with iris nevi. Unsuccessful acquisition was due to patient noncooperation (n=4),
pharmacological mydriasis (n=2), a lesion located too far in the ciliary body (n=1), or a location
behind the upper eyelid (n=1). Similar to the investigation of conjunctival lesions, manual lifting
of the eyelid proved not feasible as this induced movement (Supplemental Table; available at AJO.

com).

Vascular structures were seen in the area of the lesion in all 9 (100%) successfully imaged iris
melanoma, and 25 of 35 iris nevi (71%) (p=0.09) (Table 3). Of the 10 cases with no visible
lesion vessels, 8 cases (80%) did demonstrate vessels outside the lesion, indicating that the OCTA
technique was feasible, but lesion characteristics (such as significant masking, or absence of vessels)

caused a reduced vascular signal.

Table 3. Comparing OCTA Features among Various Lesions.”

Conjunctival ~ Conjunctival PAM Iris Iris
Melanoma Nevi n=6 Melanoma Nevi
n=4 n=8 Cases n=9 n=35
Cuses (%) Cuses (%) (%) P ovalue Cuses (%) Cases (%) P value
Vessels in lesion
Present 4 (100) 8 (100) 6  NA  9(1000  25(71)  0.09°
(100)
Absent 0 0 0 0 (0) 10 (29)
Vessel visibility
1 (clear) 1(25) 2 (25) 1(17) 1.00° 2(22) 7 (20) 0.071°
2 (medium) 2 (50) 4 (50) 4(67) 2(22) 6(17)
3 (nonclear) 1(25) 2 (25) 1(17) 5 (56) 12 (34)
Vessels absent 0 (0) 10 (29)
VD (overall) n=4 n=5 n=6 n=4 n=13
Median (%) 355 32.5 39.4 0.14¢ 31.8 30.5 0.82¢
VD (selection ) n=3 n=3 n=5 n=4 n=12
Median (%) 38.3 37.0 40.3 0.26 ¢ 31.8 29.8 1.00¢

NA = not applicable; PAM = primary acquired melanosis; VD = vessel density.
“ Fisher Exact test. * Linear-by-linear test. © Kruskal-Wallis test. * Mann-Whitney U test. © in the selection of lesions with a
light/medium pigmentation and grades 1-2 image quality. / Reported are patients whose imaging scans were acceptable’

P-values refer to the comparison of all conjunctival lesions, and all iris lesions, respectively.
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In healthy iris tissue, radially oriented vessels were seen (Figure 4). The vasculature was remarkably
more pronounced in the posterior layers of iris stroma than in the anterior layers (Figure 4). This
is consistent with findings from FA studies, describing that iris veins (which are larger and more

tortuous than arteries) are located in the posterior stroma.’®

Tortuous patterns were visible in iris melanoma as well as nevi (Figure 5). Image quality was graded
as good or medium in 4 cases (44%) of melanoma, and 13 cases (37%) of nevi. Image quality was
better in amelanotic or lightly pigmented lesions than in those with dark pigmentation, and in
those with a younger age than those who were older (Figure 5, Table 2). In cases with ectropion
uveae, it was seen that the OCTA signal was blocked, causing a shadow on the cross-sectional
B-scan, and an apparent avascular area on the en-face OCTA (Figure 5). We did not see clear
differences in vascular patterns between iris nevi and melanoma. The signal tended to be more often
absent or of low quality in nevi; however, that could have been due either to masking or because of

a truly reduced vascular density (p=0.07).

Figure 4. Iris vessels at different depths of tissue. (A) In a healthy iris, the radial pattern of iris vessels was clearly
visible with OCTA. The vasculature was often more pronounced in the deep (posterior) layers of the iris than in the
superficial (anterior) layers. (B) The vessels (iris nevus) may be intrinsic to the tumor or derived from normal vessels.

(All OCTA Scans were acquired in a 3x3mm setting.) OCTA = optical coherence tomography angiography.
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The median VD of light or medium pigmented iris melanoma was 31.8% (n=4); for iris nevi
this was 29.8% (n=12) (p=0.99). The median VD of all iris lesions combined was 30.5%, this
was significantly less than the median VD of paired healthy iris tissue of contralateral eyes (n=15)
(35.6%, p=0.012).

Tracing HD ( 413 ) Regular Retinal Intens

[Tracing HD ( 4/4 ) Regular Retinal Intensity +5

Figure 5. Iris melanoma and nevi. Three examples of iris lesions with visible tortuous vascular patterns are shown.
(A) melanoma, (B) melanoma and (C) nevus. The dark pigmented lesion of Patient D (nevus) and E (nevus) blocked
the OCT signal, resulting in an apparent avascular area on OCTA. Similarly, in Patient B and C, the blocking effect
of an ectropion uveae was seen. (Scans A, B, C, and E were acquired in a 3x3mm setting; scan D was acquired in a

6x6mm setting.)
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DISCUSSION

Various melanocytic lesions of the anterior segment were studied using OCTA. To the authors’
knowledge, this is the first report of OCTA in melanocytic lesions of the conjunctiva, and the
largest study of OCTA in melanocytic lesions of the iris. Vessels were depicted in all conjunctival
and most iris lesions. Obtaining good quality images depended largely on patient cooperation,
lesion location, and tumor pigmentation. Significantly better imaging was seen in lightly pigmented
lesions and younger patients. Although vascular patterns of the melanocytic lesions were distinct
from healthy tissue, no differentiating OCTA features were found between nevi and melanoma of

either the conjunctiva or iris.

Tortuous vascular patterns were detected in both conjunctival nevi and melanoma, which was
different from PAM, which apparently lacked an intrinsic vasculature. No vascular patterns or VD
measurements were observed that discriminated between conjunctival nevi and melanoma, apart
from avascular areas in nevi due to cysts. The absence of distinct vessels in PAM might have been
due to confinement to epithelium, not requiring internal vessels as with thicker nodular lesions;

the apparent finer meshwork compared to normal conjunctiva may be due to masking by pigment.

Few studies of OCTA of the conjunctiva exist. Healthy conjunctiva has been studied using OCTA
resulting in a better visibility of vessels compared to biomicroscopy.>* In a single conjunctival
haemangioma, OCTA depicted vasculature better than conventional FA.* Recently, OCTA of
the conjunctiva and cornea was reported to be better at detecting ischemia compared to clinical
examination in patients with chemical injury,® and OCTA proved feasible in pinguecula and

pterygia,* and ocular surface squamous neoplasia.*

Some authors have studied vasculature in conjunctival melanoma using immunohistochemistry.
Tuomaala and associates quantified vessels in 56 samples by using endothelial marker CD34
and noted no relationship with tumor thickness or survival.® Subjectively, in that work, the
microvascular density was comparable to uveal melanoma. A later report found less CD34
expression in conjunctival melanoma than in surrounding noncancerous stroma, suggesting it to be
a hypovascular tumor, despite VEGF production.* Heindl and associates studied lymphatic vessels
using immunohistochemistry in 109 samples and found a relationship between the presence of
vessels and larger lesions and a worse recurrence and survival rate.®” In the present study, however,

the authors could not differentiate between blood vessels and lymphatic vessels.

OCTA was used to detect vessels in healthy iris tissue of all but 2 cases. Interestingly, those 2 irises
were brown or green, unlike most of the patients, who had blue irises. This was consistent with
carlier studies that found that darker iris pigmentation related to worse detection of vessels using

OCTA.“ Iris lesions displayed tortuous patterns, which were clearly distinct from healthy radial
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vessels (Figure 4 and 5). Different patterns between iris nevi and melanoma were not observed, but
vessels tended to be absent more frequently in iris nevi. This is consistent with earlier reports of FA
in iris tumors. Masking has been related to benign lesions, whereas melanoma demonstrated more
chaotic patterns.”'? The value of these patterns is debated, as geometric patterns were observed in

benign lesions as well, and pigment is a known masking factor when using FA.'%!1?

The VD in this study did not differ between lightly pigmented iris melanoma (n=4) and nevi
(n=12). This may not be surprising, considering the small sample size, but is remarkably different
from earlier observations that described a higher VD in 3 iris melanoma compared to 3 iris nevi.”® In
that work, the presence of darkly pigmented, or cyst-containing lesions was not reported, however,
while that may have influenced measurements. Alternatively, the present technique might have been

less sensitive to changes.

The OCTA device applied in this study (Nidek) uses a spectral domain (SD) technique with an 880
nm wavelength. Present commercially available OCTA devices usually apply either a SD or swept
source (SS) technique, with some differences in the underlying technique. SS systems use light of
a higher wavelength, allowing visualization of deeper layers, but at a lower resolution.?” Skalet and
associates reported that pigmented lesions of the iris were better imaged with a 1050 nm technique
than with 840 nm,” mainly due to tissue penetrance. The present study, in line with others,>*
demonstrated that images can be acquired using the SD technique as well but that tissue penetrance

is an important limitation, possibly favouring techniques with longer wavelengths.

Our data set was large considering the rarity of the studied diseases, but small for statistical
analysis. Motion artefacts influenced imaging significantly, resulting in some uninterpretable
images and possible underestimation of effects. Motion caused increased ‘flow’, whereas masking
or nonpenetrance of the OCT signal caused decreased ‘flow’ (which may explain the decreased VD
in iris lesions compared to healthy tissue). The authors, therefore, call for the development of new
software to help in image acquisition and analysis (eg, for stabilizing images as in assessment of the

retina).

We regard it as a strength that almost all conjunctival lesions in this project were diagnosed by
histology. In 3 cases of conjunctival nevus and 1 case of PAM, no tissue was obtained as the clinical
diagnosis was clear and not suspicious for malignancy. This is common in clinical management
of conjunctival lesions,>*# and these authors do not believe that obtaining tissue would have
influenced results. Even so, a limitation of this study was that iris lesions were usually diagnosed by
clinical investigation and ultrasonography only.**** Although there is debate about the exact clinical
features of benign and malignant iris lesions,* it is common to treat malignant lesions without

obtaining histology, and to manage unsuspicious iris lesions by observation.?*3"-
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Our study shows that OCTA can be used in anterior segment ocular oncology, but better software
and enhanced imaging techniques are needed before conclusions about its clinical utility can be
drawn. Imaging techniques that are not dependent on light (such as ultrasound biomicroscopy,
using sound waves) may be more suitable to depict tumor size,” but AS-OCT ** and AS-OCTA
may provide an additional parameter for differentiating disease (eg, providing reassurance when
no abnormal vessels are seen). With better techniques, a prognostic value of angiography may
be established. For now, these authors propose that OCTA is most suitable for superficial and
nonpigmented disease (eg, lymphoma, ocular surface squamous neoplasia, or basal cell carcinoma)
or lightly pigmented melanoma or nevi. As OCTA requires no intravenous dye, with its potential

17,18

adverse events,'”'® the use of OCTA may become more widespread than fluorescein angiography or

indocyanine green angiography has been up to now.

We conclude that it is feasible to obtain OCTA images of melanocytic lesions of the anterior segment.
Good image quality, however, depends highly on patient cooperation and lesion characteristics
such as location and pigmentation. New software is called for to improve image acquisition and
analysis, and to further develop OCTA analysis of anterior segment lesions. While promising by
the noninvasive nature and clinical ease, the role of OCTA in clinical and investigational anterior

segment ocular oncology is yet to be established.
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SUPPLEMENTARY MATERIAL

Supplemental Figure. Imaging of calliper with an anterior segment lens. (A) a calliper was positioned in front of
the OCTA device at some distance from the anterior-segment lens, similar to the situation of true ocular imaging.
(B) The image was acquired in a 9.0 mm setting (yellow arrow), but due to different optics when using the anterior
segment lens, the calliper distance with a width of 9.0 mm (red arrow), appears smaller. Using the ratio of these arrows,

the true imaging size was determined.

Supplemental Table. Flow Chart of Patient Numbers, Explaining the Numbers of Analysed Cases.

Conjunctival ~ Conjunctival Iris
Melanoma Nevus PAM Iris Melanoma Nevus
(n, %) (n, %) (n, %) (n, %) (n, %)
Included patients: 5 (100) 13 (100) 7 (100) 10 (100) 42 (100)
Loss due to: Behind eye Non-coop 3 Wrong area 1 Hidden in Non-coop 4
lid 1 No focus 2 ciliary body 1~ Behind eye lid 1
Mydriasis 2
Acceptable OCTA: 4 (80) 8 (62) 6 (86) 9 (90) 35 (83)
Vessels outside lesion
Present 4 (100) 8 (100) 5 (100)* 9 (100) 33 (94)
Absent 0 0 0 0(0) 2 (6)

Non-coop = non-cooperation; OCTA = optical coberence tomography angiography; PAM = primary acquired melanosis.
“in I case of PAM, no nonaffected tissue could be analyzed.
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ABSTRACT

Purpose: To report a patient who presented with a conjunctival tumour as a first sign of distant
metastasis of cutaneous melanoma. The patient was treated successfully with BRAF/MEK-inhibitors

and anti-PD-1 antibodies.
Methods: Clinical and histopathological examination of the conjunctival lesion.

Results: A 74-year-old man was referred to our hospital with a pigmented conjunctival tumour,
5 months after having been diagnosed with cutancous melanoma on his right scapula with
loco-regional axillary lymph node metastases. The conjunctival lesion was excised and showed a
BRAF V600E mutation. Histopathology showed a melanoma with characteristics suspicious for
metastasis, as the lesion did not have a relation with the overlying epithelium. Systemic screening
showed multiple distant metastases of the cutaneous melanoma in spleen, liver and bone. Systemic
treatment with the combination of a BRAF-inhibitor (dabrafenib) and MEK-inhibitor (trametinib)
was started and followed by a switch to an anti-PD-1 antibody (pembrolizumab). Twenty-two

months later, the patient is alive and in good clinical health.

Conclusion: Conjunctival metastases of cutaneous melanoma may mimic primary conjunctival
melanoma. A good medical history and systemic work-up are required to differentiate these diseases.
Identification of the proper diagnosis including mutation analysis is crucial, allowing patients to

benefit from newly introduced treatment strategies for metastatic cutaneous melanoma.
Established Facts:

e Cutaneous melanoma may metastasize to various locations, including the conjunctiva.

*  New treatments for metastasized cutaneous melanoma are currently available.
Novel Insights:

e Ophthalmologists should be aware that systemic work-up and a proper medical history
are required to differentiate metastases of cutaneous melanoma from primary conjunctival

melanoma, thus allowing patients to benefit from the newly introduced treatments.
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INTRODUCTION

Since melanocytes are naturally widespread in the human body, melanoma can develop as a primary
malignancy at various locations. Most commonly, it develops as a primary melanoma of the skin.
In ophthalmology, melanoma can arise from the uvea and conjunctiva. Cutaneous melanoma can
spread via the lymph system or by haematogenous dissemination. Metastases are often located in
subcutaneous tissue, visceral organs, the brain and bone, but other — more rare — locations such as

the conjunctiva have been reported.'?

In recent years, new therapies have been developed for advanced stages of cutaneous melanoma,
acting on specific molecular pathways (“targeted therapy”) or stimulating the immune system
(“immune checkpoint inhibitors”).> BRAF-inhibitors (e.g. dabrafenib, vemurafenib) and MEK-
inhibitors (e.g. trametinib, cobimetinib) are examples of targeted therapy. The BRAF-mutation is
frequently present in melanoma, mostly of the non-chronic sun exposed skin parts,* and leads to cell
proliferation via activation of the MAPK pathway, in which MEK proteins are involved. Inhibition
of BRAF and MEK counteracts the proliferative effect of this pathway. Anti-PD-1 antibodies
(e.g. nivolumab, pembrolizumab) are examples of immune checkpoint inhibitors, blocking the
inhibitory signal of Programmed Death 1 receptors on T cells. This results in upregulation of
the immune system to attack tumour cells. Recent clinical trials showed an improved survival in
selected patients with advanced cutaneous melanoma treated with targeted or immune checkpoint

inhibitor therapy.®

Clinically, it can be difficult to differentiate primary from secondary malignant melanocytic lesions.
This discrimination is very relevant for further treatment, as patients with metastatic cutaneous
melanoma might benefit from the aforementioned treatments, which would not be applied to a
localized conjunctival melanoma. We describe a patient with a pigmented conjunctival tumour,
which turned out to be the first presentation of distant metastasis of a cutaneous melanoma, and

who was successfully treated with systemic therapy.

CASE REPORT

A 74-year-old white male was diagnosed in 2015 with a cutaneous melanoma on the right scapular
region of the back. The lesion (Breslow thickness 8 mm) was completely excised and demonstrated
a BRAF V600E mutation. PET-CT screening for metastases revealed suspicious nodes in the
ipsilateral axilla, but no other systemic lesions. A lymph node dissection was performed, with
3 out of 13 positive lymph nodes. Postoperative radiation therapy (20 fractions of 2.4 Gy) was
administered to the axillar region. According to the 7* edition of the AJCC staging manual, the

melanoma was classified as a T4aN2bMO tumour, stage I1I B.
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Five months after the diagnosis, a pigmented tumour was observed in the inferior fornix of the
right eye (Figure 1). The lesion had a distinct border and no other conjunctival pigmentation was
seen. The lesion was excised and histopathology showed a melanoma, positive for the BRAF V600E
mutation. The tumour was located in the subepithelial stroma without a component of primary
acquired melanosis (PAM) in the overlying epithelium and therefore a metastasis was suspected
of the previously diagnosed cutaneous melanoma (Figure 2). The primary melanoma showed an
epithelioid cell type with similarities to the suspected metastasis in cell size, nuclear size and cellular

configuration (Figure 3).

Figure 1. Slit-lamp photography at presentation. (A) A pigmented lesion is located in the inferior fornix of the right

eye. (B) On closer examination, a well-circumscribed nodular lesion is seen with a diameter of 5.0 mm.

A PET-CT scan was repeated and other metastases were subsequently identified in the liver, spleen
and various bones. Treatment with a BRAF-inhibitor was started (dabrafenib 100 mg, twice daily)
for 4 months, followed by a combined treatment with a MEK-inhibitor (trametinib 2 mg, once
daily) for another 2 months. Due to a mixed response, the treatment regimen was switched to

intravenous injections with the anti PD-1 antibody pembrolizumab (200 mg) with 3-week intervals.

Currently, 22 months after the diagnosis of metastatic cutaneous melanoma, the patient is still alive
and in good health. No local recurrences or new conjunctival lesions have been observed, and the
distant metastases regressed. During treatment with pembrolizumab, a mild skin rash developed for
which topical corticosteroids were prescribed, but no other adverse events of the immunotherapy
have been noticed. Treatment with pembrolizumab will be continued till disease progression or

unacceptable toxicity, for at most another 8 months to a total of 24 months.
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Figure 2. Histopathology. (A) Overview of the pigmented lesion, revealing a nodular tumour in the forniceal
conjunctiva. The area within the box is presented at a higher magnification in ¢ (HE staining, original magnification
5x). (B) The nodule stains positive for Melan-A, indicating a melanocytic origin of the cells, suggestive for melanoma.
The area within the box is presented at a higher magnification in d (Melan-A staining, original magnification 5x). (C)
The tumour cells (bracket) are located in the stroma without relation to the conjunctival epithelium (arrows). (HE
staining, original magnification 40x). (D) The positively staining melanocytes of the tumour (bracket) are clearly
separated from the epithelium (arrows) and no intra-epithelial growth of primary acquired melanosis is present.
Together, this suggests a non-primary (metastatic) origin of the lesion (Melan-A staining, original magnification 40x).
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Figure 3. Cell type of the primary and metastatic lesion. The primary cutaneous melanoma (A) shows an epithelioid

cell type, with similarities in cell size, nuclear size and cellular configuration to the conjunctival metastasis (B). (HE

staining, original magnification 40x).

DISCUSSION

Melanomas can develop in the conjunctiva both as a primary or secondary lesion. As a primary
tumour, conjunctival melanomas originates from the melanocytes in the basal layer of the
conjunctiva. With an incidence of up to 0.8/million in Caucasians, it is rare. Conjunctival
melanomas can develop de novo, from a nevus, but most frequently they develop from PAM.” The
treatment of primary conjunctival melanomas consists generally of local excision with adjuvant

treatment of topical chemotherapy, cryotherapy or brachytherapy.®

Secondary conjunctival melanomas may result from direct extension or distant metastasis of
cutaneous or uveal melanomas.”'® An overview of 19 conjunctival metastases of cutaneous
melanomas showed a poor survival, ranging from <1 to 16 months."" However, it has to be noted
that survival data in 5 out of 19 reported cases were absent.»!*12-20

Based on clinical appearance, the pigmented conjunctival lesion of our patient could not be
classified as a primary or secondary lesion. Histologic examination showed that no PAM was
present in the conjunctiva and the tumour was located entirely in the subepithelial stroma, which
suggested a diagnosis of cutaneous melanoma metastasis. When systemic metastasis screening was
repeated, it revealed metastases to other organs. Together with the history of cutaneous melanoma,

we suspected the conjunctival lesion to be a distant metastasis as well.

Both the primary cutaneous melanoma and the conjunctival metastasis showed the same BRAF

VG600E mutation. This similarity, however, should not be seen as a prove of shared origin, since the
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BRAF mutation may occur in primary conjunctival melanoma as well.?! This is illustrated by the
fact that conjunctival melanomas shares a genetic similarity with cutaneous melanoma, rather than
with uveal melanomas: BRAF and NRAS mutations that are common in cutaneous melanomas
are also seen in conjunctival melanomas, but are extremely rare in uveal melanomas.”*? GNAQ
en GNAI1 mutations are seen in uveal melanomas, but have not been identified in conjunctival
melanomas.?* Following these genetic characteristics, some patients with localized and metastatic

conjunctival melanomas were treated with BRAF inhibitors, 2

while other treatments are required
for metastatic melanomas of the uvea. Since both melanomas of the skin and of the uvea can
metastasize to the conjunctiva, determination of the origin of a metastasis can be very relevant for

treatment selection.

In conclusion, a conjunctival metastasis of cutaneous melanoma may mimic primary conjunctival
melanoma. In our case, following the discovery of disseminated discase, the patient was treated
successfully with new systemic therapy. Clinicians should always be aware of the possibility of
metastasis of cutaneous melanoma to the eye, indicating the importance of a proper medical history
and systemic work-up. Newly introduced treatments for metastasized cutaneous melanoma might

benefit these patients.
Statement of Ethics: The patient gave informed consent for the publication of this paper.

Disclosure Statement: None of the authors have a conflict of interest to disclose.
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ABSTRACT

Purpose: To report a case of severe ocular rosacea following ipilimumab plus nivolumab treatment

in a patient with metastatic malignant skin melanoma.
Methods: Case report and review of the literature.

Results: A 68-year-old male with newly diagnosed metastatic malignant cutaneous melanoma was
treated with first-line ipilimumab plus nivolumab, which resulted in a partial response. Four months
after initiation of treatment, the patient developed red eyelids and conjunctivae, with painful gricty
eyes, limiting his capacity to read. Following a diagnosis of severe ocular rosacea and dry eyes,
treatment including corticosteroids, antimicrobial agents and eyelid hygiene was started, and in 3

months, the ocular complaints resolved.

Conclusion: Treatment with checkpoint inhibitor immunotherapy for metastatic melanoma may
trigger several ocular immune-related adverse events. This case describes severe ocular rosacea as an

adverse event following ipilimumab plus nivolumab treatment.
Established facts:

¢ Immunotherapy for metastatic melanoma may result in ocular adverse events such as uveitis
y y

and orbital inflammation.
Novel Insights:

*  Ocular rosacea is a rare but potential adverse event of anti-CTLA-4 and anti-PD-1 treatment.
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INTRODUCTION

The monoclonal antibodies ipilimumab and nivolumab have recently been introduced as therapy
for metastatic cutancous melanoma. Ipilimumab is an antibody directed against inhibitory CTLA-
4 proteins on the surface of activated T cells, while nivolumab blocks signalling of the inhibitory
PD-1 receptor of tumour-resident T cells, thus enhancing the immune system to attack tumour
cells. Treatment with so-called ‘checkpoint inhibitor immunotherapy’ results in a higher survival for
patients with metastatic cutaneous melanoma, however, at the cost of sometimes severe immune-
related adverse effects (irAEs)."* The most-common irAEs include dermatologic and gastro-intestinal
complaints, such as skin rashes and diarrhoea as a result of dermatitis and colitis respectively, and
general fatigue,"” which may be caused by endocrinopathies, including thyroid gland disorders
or hypophysitis. Ocular irAEs are rare but have been reported in 1.3% of patients receiving anti-
CTLA-4 treatment,’ and 1.6% of patients receiving anti-PD-1 treatment.* Typical ocular irAEs
are uveitis and orbital inflammation. This report presents a case of severe ocular rosacea following
combination treatment with ipilimumab and nivolumab, and reviews the literature regarding ocular

surface irAEs.

CASE DESCRIPTION

A 68-year-old male was diagnosed in 2015 with metastatic malignant cutaneous melanoma and
treated with immunotherapy. He had had a pigmented lesion removed from his back in 2006. The
patient was treated in a clinical trial (NCT01621490) and received, starting June 2015, 4 doses
of ipilimumab in combination with nivolumab, followed by 5 doses of nivolumab monotherapy.
Subsequently, a partial response (RECIST 1.1 criteria)’ was seen, with regression of cerebral
and extracerebral metastases on magnetic resonance imaging and computed tomography (figure
1). Adverse effects (AE) included diarrhoea, skin rash, and renal insufficiency, for which the
immunotherapy was interrupted for 1 month and for which the patient received prednisone in
August 2015.

Prior to the immunotherapy, the patient had had some minor complaints of dry eyes, without the
need to visit an ophthalmologist. In late October 2015, 4 months after the start of immunotherapy,
when prednisone for other adverse events had been tapered, the patient developed new complaints
of dry eyes, aggravating in December 2015 to complaints of severe dry eyes, redness of peri-orbital
skin, swelling of his face, and nasal congestion. At that time he also developed asymptomatic grade
4 lipase and grade 3 amylase elevations, without clinical signs of pancreatitis, and symptomatic
adrenal insufficiency for which hydrocortisone substitution therapy was started. His immunotherapy
treatment was discontinued permanently. The patient received artificial tears and in February

2016 prednisone was restarted at 30 mg per day for facial swelling and nasal congestion, which
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reduced the facial swelling and nasal congestion, but not the ocular problems (figure 2a); this led
to referral of the patient to the Department of Ophthalmology of the Leiden University Medical
Center in March 2016. On examination, the patient had typical facial rosacea, bilateral severe
redness of the eyelids with many telangiectasia, congested Meibomian glands with surrounding
inflammation, severe nasal and temporal conjunctival injection, diffuse severe punctate keratitis
with adherent mucus, and no signs of uveitis or any other intraocular problems. Schirmer’s test for
tear secretion was less than 5 mm for each eye. Upon a diagnosis of severe ocular rosacea, topical
treatment was started with corticosteroids (Huorometholone), a steroidal/antimicrobial ointment
(hydrocortisone/oxytetracycline/polymyxine B) for the eyelids and eyelid scrubbing twice daily.
Lubricants were continued. Within 3 months, the ocular complaints had resolved and the corneal
epithelium had recovered, showing a smooth and shiny surface without any punctate staining.
There were telangiectasia on the lower eyelids, but no Meibomian congestion or inflammation, with
excellent oil production. The patient experienced a great relieve and had discontinued the use of

corticosteroids (figure 2b). Treatment was continued with eyelid hygiene and lubricants.

Figure 1. Magnetic resonance imaging scans of cerebral metastasis. a Cerebral metastasis of the cutaneous

melanoma at baseline. b Seven months later the lesions have regressed following ipilimumab plus nivolumab treatment.
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Figure. 2. Slit lamp photography. a Ocular rosacea after ipilimumab and nivolumab treatment. The redness of the

eyelids and injection of the conjunctiva are clearly visible. The left eye is shown; both eyes had a similar appearance. b
After adequate treatment for the ocular rosacea, the redness and inflammation have disappeared.

DISCUSSION

Several ocular irAEs have been described with ipilimumab treatment, such as uveitis, vitritis,
peripheral ulcerative keratitis, choroiditis and serous retinal detachment and orbitopathy.® Only
a few ocular irAEs have been described during nivolumab treatment, which include dry eyes,

conjunctivitis, blurred vision and iritis.*”"

# Our case presents ocular rosacea following treatment
with ipilimumab plus nivolumab. A summary of the literature regarding irAEs of the ocular surface

is provided (Table 1).

As checkpoint inhibitors stimulate immune responses rather aspecifically, adverse immunological
evens can be expected. Immune responses involve the adaptive immune response, and can be due to
T-cell responses. Our case suggests that adaptive immune responses play an important role in rosacea,
as has also been suggested by Nguyen et al. in the occurrence of complaints of dry eyes following
nivolumab.” The importance of T-cell-mediated autoimmunity in the lacrimal glands, which leads
to lack of tear production, has previously been indicated.” Although the pathophysiology of ocular
rosacea is still not fully understood, a local immune response is considered important.'® Analysis of
the skin in rosacea patients has shown an elevated presence of T-cells, with mainly CD4+ expression
and CD8+ expression to a lesser extent.'’ Treatment with either ipilimumab or nivolumab has
been shown to increase the level of CD4+ and CD8+ cells in tumour tissue, thus supporting the
suggestion of T-cell mediation in the pathophysiology of our case.'>!* Parallel to the situation in
dry eyes, treatment with ipilimumab and nivolumab may probably have triggered a T-cell-mediated
autoimmune response in the eyelids, leading to Meibomian gland disease, in combination with tear

gland disease, which is responsible for the lack of tear production.
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Table 1. Overview of ocular surface immune-related adverse events for ipilimumab and nivolumab in the literature

Ocular surface  Treatment for Outcome
First Age/  Current Previous im lated immu lated of ocular
author sex Immunotherapy Immunotherapies  adverse events adverse events complaints
Papavasileiou® 55/F  Ipilimumab, Not reported Peripheral Topical Resolved
Bevacizumab ulcerative corticosteroids,
keratitis topical antibiotics,
acyclovir
Voskens,* 57/M  Ipilimumab DTIC, Sorafenib Conjunctivitis Lubrication Resolved
2013
Voskens,"® 53/F Ipilimumab Dacarbacine, Iridocyclitis, Systemic Resolved
2012 Sorafenib marginal corticosteroids
keratitis
Henderson'® 55/M  Ipilimumab Not reported Episcleritis, Topical steroids Improved
orbital
inflammation
Zimmer* 78/M  Nivolumab Interferon-alfa Conjunctivitis Topical Not resolved
corticosteroids
49/F  Nivolumab Vemurafenib, Dry eyes Topical therapy Not resolved
Dabrafenib,
Ipilimumab
Nguyen’ 58/M  Nivolumab Not reported Dry eyes; Lubrication, topical ~ Improved
corneal cyclosporine,
perforation punctal occlusion
46/F  Nivolumab Not reported Dry eyes Lubrication, topical ~ Improved
cyclosporine
Montaudie' 56/M  Nivolumab Not reported Dry eyes, Systemic Resolved
sarcoidosis corticosteroids

The patient in our case responded initially to systemic corticosteroids, and had complete resolution
of ocular irAEs after topical treatment with corticosteroids and antimicrobial agents, together with
eyelid hygiene. Most ocular irAEs following immunotherapy have been successfully treated with
topical corticosteroids, and only rarely systemic therapy has been required.'® Systemic steroids were
required for ocular irAEs after imnmunotherapy in a patient developing iridocyclitis and marginal
keratitis”® and a patient developing dry eyes and sarcoidosis.'” In one case, punctal occlusion was
used for dry eye treatment,’ but the authors noted the ambiguity of this procedure, which could
worsen the complaints of dry eyes when clearance of inflammatory mediators from the ocular

surface is delayed.

This report shows ocular rosacea as a rare but potential irAE of the ocular surface after treatment

with immunotherapy for metastatic melanoma. As in most ocular irAEs, our patient responded well
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to corticosteroids. With immunotherapy being approved for an increasing number of indications,
clinicians should be aware of the potential adverse events this treatment may elicit, including rare

events, such as ocular rosacea.

Statement of Ethics: Written informed consent was obtained from the patients for this report. The
institute’s medical ethics committee of the Leiden University Medical Center declared that there

was no objection to this study.

Disclosure Statement: N.J.B. and M.].J. declare no conflicts of interest. J.B.A.G.H. reports having
received institutional research grants from BMS, MSD, GSK and having advisory roles for MSD,
BMS, Pfizer, Roche, Ibsen, Novartis, NEON Therapeutics.
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ABSTRACT

Purpose: To report a patient who developed two late recurrences of conjunctival melanoma (CoM),

of which one occurred after orbital exenteration.
Methods: We describe the case of a patient based on clinical and histopathological examination.

Results: A 52-year-old patient was treated with local excision and cryotherapy for a CoM with
primary acquired melanosis (PAM) near the limbus of the right eye. Twenty-one years later, a
recurrence developed in the superior fornix of the same eye in an area with widespread PAM;
an orbital exenteration was performed. After another 4 years, a painful nodule developed
subcutaneously at the inferior margin of the right orbital socket. Pathology showed a recurrence
of CoM with a BRAF V600K mutation, similar to both of the previous lesions (of 25 and 4 years
earlier). The nodule was excised without additional therapy. No recurrences or metastases have been
observed in the next 2.5 years. The proposed mechanism for the recurrence after surgery could
be via dormant tumor cells that have spread prior to the procedure or via residual intraepithelial

malignant melanocytes.

Conclusion: Very late recurrences of CoM are rare but may occur. Our case illustrates the need for
long-term awareness of doctors and patients, even after extensive surgical procedures such as orbital

exenteration.
Established Facts:

e Conjunctival melanoma (CoM) is a rare ocular tumor, with a high recurrence rate. It is often
treated with local excision and adjuvant therapy.
*  Orbital exenteration is a last-resort therapy, with either the intention to be curative or

symptomatic.
Novel Insights:

e CoM may give rise to very late recurrences (after 20 years), as well as recurrences after orbital
exenteration.
e Long-term awareness - for both patients and doctors — is needed, even after extensive surgical

treatment.
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INTRODUCTION

Conjunctival melanoma (CoM) is an aggressive ocular disease with an incidence of up to 0.8 per
million in adult Caucasians.! Treatment of limited disease involves most often local excision with
adjuvant therapy, but more extensive procedures may be required in advanced cases. As a last resort,
orbital exenteration can be performed. The aim of an orbital exenteration can be ecither curative,
by removing all potentially affected tissues in the orbit, or symptomatic, if the patient experiences
discomfort that cannot be resolved otherwise. The risk for local recurrence or metastasis of CoM
is high, commonly developing within the first 5-10 years after presentation of the primary lesion.?
We present a rare case of a patient who developed a very late recurrence of CoM, and another late

recurrence after orbital exenteration, stressing the need for adequate long-term follow-up.

CASE REPORT

A 52-year-old female was diagnosed in 1990 with a CoM on the temporal limbus of the right
eye, approximately 4 clock hours in size, with a component of primary acquired melanosis (PAM)
(no photograph available). This constituted a ¢T1, NO, MO tumor,® which was treated with local
excision and cryotherapy. The melanoma was removed with tumor-free margins (Figure 1). During
the first 10 years of follow-up at our oncology center, no local recurrence or metastasis was detected.

In 2001, the patient returned to her local ophthalmologist.

Figure 1. Histopathology. (a) Histology of the primary CoM in 1990 demonstrated a mixed cell type with both

spindle cells and epithelioid cells. (H&E stain, original magnification 40x). (b) Histology of the recurrence in 2011
demonstrated a similar mixed cell type, with mitoses, no ulceration and no vessel invasion. (H&E stain, original
magnification 40x). (c) The subcutaneous nodule in 2015 demonstrated similarities to the lesion from 2011 in cell

type, cell size and cellular configuration. (H&E stain, original magnification 40x).

In 2011, 21 years after treatment for the primary lesion, the patient returned to our center with
a nodular lesion in the superior fornix of the right eye, suspicious for recurrence of the CoM

(Figure 2). Earlier, no abnormalities had been noticed by the patient. A CT scan showed a preseptal
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lesion and biopsy proved it to be a CoM. A total orbital exenteration (with removal of the globe,
conjunctiva, and eyelids) was performed and histology of the specimen showed radical excision of

the melanoma with widespread PAM (Figure 1).

sy o 2

Figure 2. Slit-lamp photography of the right eye (2011). Widespread melanosis is located on the ocular surface (small
arrows) and a large nodule is located in the superior fornix (large arrow).

Four years later, the now 78-year-old woman presented with a painful subcutaneous nodule on
the inferior margin of the right orbit (Figure 3). MRI showed a hypointense lesion measuring 6
by 4 mm, anterior to the maxillary sinus (Figure 4). The nodule was excised and proved to be a
CoM, with histological similarities to the lesion of 2011 in cell type and configuration (Figure
1). A mutation in the BRAF gene (p.Val600Lys; V600K) but not in NRAS or KIT was identified
in the newest lesion. Additional tests on the tissue of the orbital exenteration and the first lesion
from 1990 demonstrated the same BRAF V600K mutation, and a similar absence of mutations
in NRAS or KIT in both samples. Presurgery screening for metastatic disease by CT of the chest
and abdomen revealed multiple lesions in both lungs: a biopsy showed these to be metastases of
a newly detected colon carcinoma. For this malignancy, the patient was treated with capecitabine
chemotherapy and surgical resection of the sigmoid. The patient did not receive further treatment
for the recurrent melanoma, as at that time, excision was regarded appropriate treatment. A total
of 2.5 years after removal of the orbital nodule, the 80-year-old patient is doing fine regarding
her ophthalmic situation, with no other recurrences or metastases. An ultrasound of the neck is
performed every six months and this showed no abnormalities in the cervical lymph nodes so far.
The lung lesions from the colon carcinoma have shown only minor progression without need for

further treatment.
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Figure 3. En face photography of the orbital socket, 1 year before development of the lesion (2014). The lesion was

located at the inferior border of the orbital rim (arrow).

Figure 4. Magnetic Resonance Imaging (2015) reveals a hypointense nodule at the inferior border of the orbital rim

on a T2-weighed scan (arrow).

DISCUSSION

Local recurrence of CoM is rather common, with an overall 5-year recurrence rate of 36-61%.>*
Very late recurrences (after 20 years) are rare, being reported once in a long-term follow-up study

of 85 patients,” once in 194 patients,” and once in 256 patients.” The mean follow-up time of these
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studies was 13.8 years (with 12 patients followed for longer than 20 years), 9.2 years (with 7 patients
followed for longer than 20 years) and 9.0 years (with no reported numbers for 20 year follow-up),
respectively. The development of a late recurrence after orbital exenteration is also most unusual.
In our case, the patient developed a recurrence four years after this procedure. To our knowledge,
this kind of recurrence has only been reported once before, in a patient who had undergone orbital

exenteration 21 years before.®

The primary conjunctival tumor, the first recurrence, and the subcutaneous nodule in our patient
all contained the same mutation in the BRAF gene (V600K). While a BRAF mutation has been
reported in 29-50% of all CoM, the V600K mutation is a rare type found in approximately 20%
of BRAF-mutated CoM, in contrast to the BRAF V600E mutation that makes up nearly all other
80%.” This finding adds to the likelihood that the lesions are related and that both the first lesion
and the subcutaneous nodule should be considered a recurrence of CoM. This is no proof, however,
since a small study by Larsen et al. (including 8 cases) showed that BRAF mutations can be both
present and absent in paired lesions of PAM and melanoma, implying that it may be impossible
to distinguish whether the recurrence developed from dormant melanoma cells or from residual

PAM.® Clinically, this is not relevant as it does not alter the treatment strategy.

Late development of CoM recurrences may be in line with the theory of metastatic dormancy. This
has been described in uveal melanoma, and to some extent in cutaneous melanoma.’ It has been
hypothesized that environmental factors may induce a senescent state of melanoma cells, allowing
for long periods of disease-free survival. It is thought that the immune system plays an important
role in the detection of tumor cells. Genetic factors may contribute as well, although the effect of
BRAF is unclear. Relevance of metastatic dormancy for CoM is unknown, but an observation as

ours implies that it might play a role in some cases.

There are two possible mechanisms for the development of the recurrence after orbital exenteration
in our patient. Melanoma cells may have spread in advance of, or during, the orbital exenteration,
and subsequently remained dormant for several years. Alternatively, a component of intraepithelial
(premalignant) melanocytes might have been left in the orbital socket, later developing into a
second primary CoM. Though PAM was widespread in the exenteration specimen, all surgical

margins were free, suggesting that the first mechanism is the most likely in our case.

A third explanation for the development of melanoma that we considered is that the lesion is a
primary cutaneous melanoma, or a secondary lesion of another (nonconjunctival) melanoma.'
Histologically, there was no relation between the subcutaneous nodule and the cutaneous melanocytes
in our patient, indicating that a primary cutaneous origin is very unlikely. As the patient had no
other cutaneous or ocular lesions that were suspect for melanoma, a second skin lesion or CoM with

local metastatic spreading is unlikely as well. Detection of a (secondary) cutaneous origin could be
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very relevant, as new treatments with targeted therapy (e.g. BRAF-inhibitors) have become available
with potential benefit for selected patients.!! Various cases have been reported of ocular presentation

of disseminated cutaneous melanoma, which were successfully treated with these agents.'?

We regard the orbital lesion as a local recurrence of CoM and not as metastatic disease, as no
other (systemic) lesions were detected, and there are plausible mechanisms for the recurrence to
occur. However, this might be a matter of terminology as one might state that a successful orbital
exenteration removes all the periocular tissues required for a local recurrence. In contrast to our
case of local recurrence, distant metastases of CoM after orbital exenteration have been reported
more often,'? with a 35% rate in a series with 51 months of mean follow-up.!* However, exact
numbers are scarce, possibly because many patients are lost to follow-up after the procedure, as it
is not uncommon for patients to return to their local doctor once the orbital exenteration has been

performed.

The orbital CoM recurrence in our patient was excised with clear, tumor-free, margins. As the
patient was diagnosed shortly after this excision with a disseminated colon carcinoma (T3NOM1a,
stage IVa) for which a palliative treatment was started, no adjuvant therapy for the CoM lesion
was given. Nevertheless, this could be up for discussion as a CoM recurrence might occur again via
the mechanisms we proposed eatlier, through possibly dormant melanoma cells or residual PAM.
Although the patient was treated with capecitabine chemotherapy for her colon carcinoma, this will
be of limited relevance as capecitabine (or another form of 5-FU) is not indicated for the treatment
of CoM.">1¢ Regarding the first episode of CoM with accompanying histologic PAM in our patient,

we would currently advise to apply mitomycin C drops after excision to reduce the recurrence risk."”

In conclusion, our case shows that very late recurrences of CoM may occur, and that an orbital
exenteration should not be regarded as the ‘final solution’ of CoM treatment. One should be aware of
the potential occurrence of either new melanoma or recurrences. Patients with CoM or PAM should
preferably be followed in a tertiary reference centre. Patients should be instructed to immediately
report any changes, and whenever there is even the smallest suspicion of an abnormality, clinicians

should not hesitate to perform a MRI of the orbital region.
Statement of Ethics: The patient gave written informed consent for the publication of this paper.
Disclosure statement: The authors have no financial interests or conflicts of interest to disclose.

Financial support: N.J.B. is the recipient of a MD/PhD program grant from the Leiden University
Medical Center. The funder had no role in the design or execution of the study.
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ABSTRACT

Purpose: This paper reports a case of pigmented conjunctival lesions after intravitreal injections in

a patient who received brachytherapy for uveal melanoma.

Methods: Clinical and histopathological examination of the pigmented conjunctival lesions was

performed.

Results: A 57-year-old male who was treated with brachytherapy for uveal melanoma developed
radiation retinopathy. Following intravitreal anti-vascular endothelial growth factor (VEGF)
injections, 2 pigmented conjunctival spots appeared at the injection sites. After excision of the

lesions, histopathology showed pigment-loaded macrophages, with no signs of active tumour cells.

Conclusion: Two conjunctival lesions that appeared following uveal melanoma brachytherapy and
anti-VEGF injections were excised under suspicion of tumour seeding. Histopathology, however,

showed aggregates of pigment-loaded macrophages.
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INTRODUCTION

Uveal melanoma is the most common intraocular tumour in adults with an incidence rate of 5.1
per million in Caucasians.! Various treatment modalities are available, including brachytherapy,
proton beam irradiation and enucleation.?® Plaque therapy with Ruthenium 106 provides excellent
tumour control but local recurrence or extraocular outgrowth may occur in rare cases.” Patients
may develop radiation retinopathy with macular edema as a complication, requiring treatment with
vascular endothelial growth factor (VEGF) inhibitors or corticosteroids.>® We describe a patient
who was treated with brachytherapy for uveal melanoma and who developed radiation retinopathy
for which he was treated with intravitreal injections. Subsequently, he developed pigmented lesions

at the injection sites.

CASE REPORT

A 57-year-old, white, Caucasian male was referred with decreased visual acuity and a lesion
suspicious for malignancy. On fundus examination, there was a juxtapapillary choroidal tumour
with an intravitreal haemorrhage. Ultrasonography showed a choroidal tumour measuring 9.3 by
7.7 mm in basal diameter and 5.2 mm in tumour thickness without retinal invasion or breakthrough
of Bruch’s membrane (Figure 1). The clinical examination was consistent with the diagnosis of
choroidal melanoma. Ruthenium plaque brachytherapy was performed with a COB applicator of
20 mm in diameter, designed for administering radiation on the posterior pole adjacent to the optic
nerve (BEBIG GmbH, Berlin, Germany), and the tumour flattened gradually to 4.6 mm after 3
years (Figure 2).

Gain=105dB Dyn=80dB Tgc=20dB|

Figure 1. Ultrasound image showing the dome-shaped choroidal melanoma before brachytherapy (arrow).
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Figure 2. Fundoscopic image of the pigmented tumour (star) adjacent to the optic disc (arrow) with floating

pigmented cells most readily visible in front of the optic disk after brachytherapy.

Seventeen months after brachytherapy, the visual acuity in the treated eye decreased from 0.7
(20/29) to 0.4 (20/50) due to macular edema caused by radiation retinopathy. The patient was
treated with a series of 3 intravitreal anti-VEGF injections with bevacizumab (1.25mg = 0.05mL)
in four-week intervals, followed by a series of 3 intravitreal injections with ranibizumab (0.5mg =
0.05mlL) in four-week intervals due to lacking response. All injections were administered in the
temporal-inferior quadrant at 4 mm distance from the limbus, with a regular 30G needle. Six
months after the first injection, 2 pigmented lesions appeared on the bulbar conjunctiva, raising
suspicion of tumour cell seeding (Figure 3). Both lesions were located at the exact sites of the anti-
VEGEF injections, opposing the location of the tumour, and not at perforating vessel locations.
As a needle track-related outgrowth of malignancy was suspected, an excisional biopsy was
performed. The lesions were excised with large margins, leaving the inner sclera intact without any
macroscopically visible pigmentation. Histopathological examination demonstrated the presence
of cells in the conjunctival stroma with small nuclei and cytoplasmic melanin pigment (Figure
4). Staining with anti-CD68 showed that the majority of these cells were macrophages, whereas
a melanocytic origin of the cells could not be demonstrated by Melan-A staining. No additional

treatment was given and no recurrences have been observed within the 3 months following excision.
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Figure 3. Conjunctival lesions. a Pigmented lesions on the conjunctiva, located at 7 and 8 o’clock (arrows). Some

melanosis is visible at the limbus, unrelated to the pigmented lesions. b Magnification of the lesions (arrows). Near the

upper lesion some small conjunctival vessels are visible, while near the lower lesion no vessels are seen.
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Figure 4. Histopathology. a Histology of the pigmented lesion showing conjunctival stroma with scattered cells
with brown cytoplasmic pigment and small nuclei (arrows). (HE stain, original magnification 40x). b The cells are
not reactive for Melan-A. In some cells, brown pigmentation persisted despite melanin depigmentation, but it is very
distinct from the immunohistochemical reaction product. (Melan-A stain after melanin depigmentation, original
magnification 40x). ¢ The cells show positive staining for macrophage-specific CD68. (CD68 stain after melanin
depigmentation, original magnification 40x).

DISCUSSION

The occurrence of pigmented conjunctival lesions following uveal melanoma treatment or needle
insertion has been described, which includes cases of tumour seeding following fine-needle
aspiration biopsy (FNAB) or open biopsy. In 2006, Caminal et al.° described a case of epibulbar
seeding after FNAB in a patient with uveal melanoma. In 2013, Schefler et al.” described 4 cases of
extraocular extension following FNAB, vitrectomy or open biopsy, while more recently Mashayekhi

et al.® described a case of extraocular extension of ciliochoroidal melanoma after FNAB.
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Pigmented lesions unrelated to biopsy, but following brachytherapy in uveal melanoma, have been
described earlier by Toivonen and Kivela’ and were seen within 1 year after treatment in 85% of
cases. Toivonen and Kivela suggested that following irradiation, macrophages with debris migrated

transsclerally.

In our case, no biopsy of the primary tumour was performed but intravitreal injections with anti-
VEGEF treatment were administered in a patient with uveal melanoma. To our knowledge, no other
cases of pigmented lesions following this procedure have been described. Histopathology showed
that the pigmentation was most probably caused by melanin-loaded macrophages. We therefore
suggest that the mechanism of pigmentation in our case occurred due to migration of pigment-
loaded macrophages to the injection site of the intravitreal injection, reaching the deep conjunctival
layers. Alternatively, the brachytherapy-induced tumour cell necrosis must have led to the presence

of numerous melanin-containing macrophages in the vitreous that may have adhered to the needle.

Summarizing our case, this is the first known report of a pigmented conjunctival lesion at the
injection site of intravitreal treatment for radiation retinopathy following brachytherapy for uveal
melanoma. Ophthalmologists should be aware that new conjunctival pigmented lesions in patients

with uveal melanoma are not necessarily malignant.
Statement of Ethics: Written informed consent was obtained from the patient for this report.

Disclosure Statement: The authors state they have no conflicts of interest to disclose.
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Summary and General Discussion

IMAGING AND TREATMENT OF OCULAR MELANOMA

‘The aims of this thesis were to better diagnose ocular melanoma lesions using new imaging techniques,
and to identify new targets for ocular melanoma therapy. Both conjunctival melanoma (CoM) and
uveal melanoma (UM) have been studied: malignancies that share a need for better understanding
and therapy, yet each with its distinct genetic background and clinical presentation. A common
link in several projects of this thesis is ‘angiogenesis’. This was assessed to better understand tumour
growth, for diagnostic use, and as a target for therapy. We believe that the inclusion of UM as well
as CoM in this thesis, and the inclusion of basic projects as well as clinical projects, resulted in a

comprehensive overview with a better understanding of both malignancies.

PART | - CONJUNCTIVAL MELANOMA

Summary and discussion

CoM is a rare ocular tumour with an incidence of 0.3-0.8 per million in Caucasians. It has a high
recurrence rate (of approximately 40% in 5 years)' and high metastatic potential (of approximately
20% in 10 years)®’. There is a need to diagnose patients early, and to develop better therapies,

especially for advanced and metastatic disease.

This thesis starts by analyzing current CoM patients and their clinical outcome (chapters 2.1, 2.2,
2.3). The findings support the call for better therapies and provide recommendations regarding
clinical follow up. Next, we summarize the current knowledge on the genetic and immunologic
background of CoM (chapters 3.1, 3.2). This provides a basis for diagnostic and prognostic

purposes, and indicates targets for new therapies based on genetic and immunologic principles.

CoM has high recurrence and metastasis rates

Better therapies in CoM are urgently needed because of the substantial rates of recurrences and
metastases.”” While several studies have reported on this topic, most study groups are small and only
assess a limited follow-up time. This may be not surprising due to the rarity of CoM and fragmented
healthcare systems in many countries, however it compromises conclusions on prognostic features.
In the Netherlands, national referral centers for ocular oncology have been appointed and a national
oncology registry exists (i.e. OncDoc / RANK), which allowed us to obtain a large cohort of 70
patients with good-quality follow-up data (chapter 2.1). We identified the importance of early
referral to a center with expertise, as patients who had a first excision elsewhere had a significantly
higher recurrence rate. This may be due to incomplete excision or suboptimal surgical approach
with a risk for tumour dissemination. For localized CoM, we found that surgical excision alone
is not an appropriate therapy, and that adjuvant strategies are required. There is currently no data

favouring a particular strategy.®® Our approach includes brachytherapy (currenty with Ru-106
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plaques) for bulbar lesions, and addition of mitomycin ¢ drops when a component of primary
acquired melanosis (PAM) is present. Results of this approach in development of recurrences and
patient survival are favourable compared to the literature and could be advised for other centers as

well.1

Tumour pigmentation is an important clinical feature of CoM

While assessing our cohort of CoM patients, we were struck by the variety of clinical presentations.
CoM may range from amelanotic and pink to black, reflecting different types of tumour
pigmentation. Melanin has a role in melanoma formation and behaviour — as is known from work
on skin melanoma and UM"- and this posed the question whether pigment characteristics are
related to CoM behaviour. We studied pigment in a combined set of 444 CoM patients from
Leiden and Philadelphia (USA), notably one of the largest reported cohorts on CoM. In chapter
2.2 we describe that lightly-pigmented CoM have a worse clinical outcome compared to darker
lesions. This may result from characteristics of different types of melanin,'? but also from treatment-
related factors such as early identification and visualization of tumour margins. In chapter 2.3 we
compared the original CoM lesions with their recurrences. We show that recurrences are more
often lightly-pigmented than their parent lesions, but any pigmentation status can occur. This
finding may be due to a loss of pigment-producing ability in more malignant melanocytes, or
because primary amelanotic lesions are more easily overlooked. As clinical outcome did not relate to
pigmentation of recurrences (as it did to pigmentation of the primary lesion), this may imply that
metastases have an early origin more related to the primary lesion than to the recurrence, or that

recurrences have been treated more heavily.

CoM requires a thorough and lengthy follow-up

Regarding the clinical management of CoM, we emphasize the importance of proper follow-up
and identification of conjunctival lesions. Recurrences of CoM may not only show a variety of
pigmentation (chapter 2.3), but also occur even after several years, as we illustrate by a patient
who developed two late recurrent lesions; one recurrence developed 21 years after excision and
cryotherapy, the other developed 4 years after orbital exenteration (chapter 6.3). This implies
that CoM is prone to ‘tumour dormancy’”® with cells that spread prior to surgical therapy. Proper
identification of conjunctival lesions during follow-up is therefore important to provide appropriate
care. Importantly, when assessing conjunctival lesions, clinicians should always be wary of secondary
causes of melanoma, as the conjunctiva is prone to harbour metastases of distantly-located melanoma
types.' We present a patient with a conjunctival lesion that proved to be a metastasis of a cutaneous
melanoma (chapter 6.1). This patients was treated successfully with new targeted/immunotherapy,

stating the relevance of these new therapies. Illustrating that not every pigmented conjunctival
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lesion is malignant, however, was our observation in a patient who received brachytherapy for UM
and later developed two pigmented spots on the sclera, presumably consisting of pigment-loaded

macrophages requiring no further treatment (chapter 6.4).

The genetic background of CoM is that of an extraocular melanoma
Recent work shows that CoM harbours mutations in genes such as BRAF, NRAS, NFI and TERT,
and that rare mutations can occur in K77 and other genes.”" This profile resembles cutaneous

melanoma?®>?!

and illustrates the position of CoM as an extraocular tumour different from UM (e.g.
with mutations in GNAQ/I11 and BAPI).*** Assessment of genetic mutations in CoM confirms
that ultraviolet (UV) radiation is a contributing factor for tumour development, with many C>T
alterations and a high mutational burden;*?” however, CoM can develop both at sun-exposed as

well as non-exposed sites, implying that UV is not a necessity for its development.

Precursor lesions of CoM, such as conjunctival nevi and PAM,* harbour similar mutations as
found in CoM and while frequencies in reported genes differ, no truly exclusive mutations are
known.'7?32 This limits the use of genetics to differentiate benign from malignant lesions and
illustrates that key moments in tumorigenesis of CoM are yet to be identified. Mutational status can
be used to differentiate melanocytic lesions with a conjunctival origin from a uveal origin however,
relevant in specific cases of UM tumour outgrowth or in cases with an unknown primary lesion.
Very recent reports show that (anterior) uveal melanoma may harbour BRAF mutations,*® and CoM

may sporadically harbour BAP1 mutations however,* which though unlikely, limits this approach.

The prognostic relevance of mutations in primary CoM is currently limited since studies are not
consistent regarding their clinical outcome, and hampered by small sample sizes. Recent work shows
that 7ERT mutations may relate to metastasis, and that these mutations are very rare in benign
disease, so this may become an important new factor in CoM staging.”® A promising approach
regarding the genetic traits of CoM is that of micro RNA (miRNA) analysis, which - although in an
early phase - may be informative by analysing many genes at once to differentiate and prognosticate

lesions.?*38

Presence of immune infiltrate in CoM suppresses tumour growth but needs further
identification

In addition to tumour genetics, inflammation is one of the hallmarks of cancer and has been
recognized as an important factor for tumour development and behaviour.*” Tumour infiltrate in
CoM consists of several cell types, including lymphocytes and macrophages with different effector
functions. The presence of inflammatory cells is known to be favourable in CoM,*2 suggesting
benefit from tumour surveillance. This observation shows that —also in this matter — CoM resembles
cutaneous melanoma while this is in contrast with UM where inflammation is a sign of malignancy

and worse clinical outcome.*?
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The role of macrophages in CoM is poorly understood, but as these cells can promote angiogenesis
(especially the predominantly identified M2 subtype),* it is likely that they exert an unfavourable

effect on CoM growth as is known from cutaneous melanoma and also from UM.#

One of the important immunological mechanisms (checkpoints) of host-tumour interactions is
the PD-1/PD-L1 pathway.® In this, expression of molecules causes downregulation of the immune
system and thus allows unrestricted tumour growth. We showed that PD-L1 is expressed in CoM
and this expression relates to worse survival as can be hypothesized by the mechanism of action

(chapter 3.2). This is similar to observations from cutaneous melanoma.

New therapies for CoM follow genetic and immunologic findings

A consequence of the findings on tumour genetics and immunologic behaviour of CoM are the
theoretical benefit of ‘targeted” and ‘checkpoint inhibitor’ therapies, as were recently introduced
for cutaneous melanoma. New therapies like these are urgently awaited for CoM cases where
conventional therapy is not sufficient. To our knowledge, no clinical trials or large series on this
topic exist, but small reports on CoM patients illustrate the benefit for locally advanced as well as

metastatic disease.

Targeted therapy includes BRAF and MEK inhibitors, and several reports have been presented on
successful tumour control in CoM (reviewed in chapter 3.1). In addition, a plethora of drugs is

being evaluated in preclinical studies (targeting eg K7, TERT, or EZH2).

Checkpoint inhibitors act by host-tumour interaction, as by the earlier mentioned PD-1/PD-L1
axis. Looking at tumour sections and in vitro models, we showed a rationale for usage of anti PD-1/
PD-L1 drugs in CoM (chapter 3.2). Cases of patients who were treated with these drugs have been

reported with successful outcome (reviewed in chapter 3.1).

Drawbacks to new therapies for CoM

Two unfortunate drawbacks of the currently-available new therapies are to be mentioned: zreamment
resistance and the development of side effects.>° To overcome the first issue, a combination of therapies
may be required, targeting several pathways simultaneously. Importantly, genetic screening and
typing of CoM allows for a personalized approach to best fit patients and drugs. Side effects of the
new therapies should be monitored to adapt the therapy, or to allow for side effect treatment. Since
immune-related side effects are a relatively new phenomenon in medicine, this calls for clinical
attention. Notably, immune-related side effects can be ocular — while admission of new drugs is
systemic — and ophthalmologists should therefore be wary of these in any oncology patients treated
with immunologic drugs for non-ocular malignancies.”' We show a case of development of ocular
rosacea following ipilimumab and nivolumab use, that was effectively treated with topical steroids
(chapter 6.2).
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Future perspectives

Current studies on genetics and immunology in CoM demonstrate that much is still to be learned
about tumour development and behaviour. Similarly though, it shows that by this knowledge new
promising therapies are visible around the corner. A better characterization of CoM (based on
genetics, precursor lesions, and external stimuli such as melanin and UV-radiation) will allow for
better prognostication and individualized therapies. In addition to drugs targeting BRAF and MEK,
and immunotherapy against PD-1 and CTLA4, new drugs targeting Kit, NF1, TERT, or EZH2 are
awaited. New drugs will mostly benefit metastatic patients, but may also be beneficial to patients
with advanced local disease as an alternative to extensive surgery. A secondary effect of these new
therapeutic options is the relevance of better tumour staging. Apart from staging based on tumour
material, this includes the use of lymph node staging by the sentinel lymph node biopsy’* and

imaging.

A promising development in ocular oncology is the recognition of CoM as distinct disease entity
within ocular melanoma, and the awareness of clinicians worldwide about this. Early referral
to tertiary centers should become regular practice, as should be the use of appropriate adjuvant
therapy. Besides a direct benefit for current patients to receive best treatment, this facilitates research

on larger numbers of patients, benefiting future patients as well.
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PART Il = UVEAL MELANOMA

Summary and discussion

UM is the most common type of ocular melanoma with an incidence of 5.1-8.6 per million in
Caucasians.”>** It comprises melanoma of the choroid, ciliary body and iris. Up to 50% of patients
die from metastatic disease,” with unchanged numbers over the last five decades.*® Many concepts
and therapies that apply to other forms of melanoma are not effective for UM due to its distinct
genetic background and immune-privileged position in the eye.”” Differentiating benign from
malignant uveal lesions can be challenging, while the first are harmless and there is an urgent need

for development of better therapies for the latter.

In this part of the thesis, we first address the genetic and immunologic profile of UM, which are very
different from what is seen in cutaneous melanoma and CoM (chapter 3.1). We focus on activation
of the growth-related YAP1 pathway as potential predictor of metastases and as therapeutic target
for UM (chapter 4.1). Next we study angiogenesis as a factor defining UM behaviour and as
link between tumour genetics and clinical outcome (chapter 4.2). In a patient setting using new
imaging devices, we study vasculature in both uveal and conjunctival lesions to differentiate benign

and malignant disease (chapters 5.1, 5.2).

The genetic and immunologic background of UM are different from cutaneous and
conjunctival melanoma

UM has a remarkable genetic profile and immunologic background, very different from what is
seen in cutaneous melanoma and CoM (chapter 3.1). UM’s are characterized by early mutations
in GNAQ/11, and secondary mutations in BAPI, EIFIAX and SF3B1.% There is no role for UV
radiation in the etiology of posterior UM, while new insights show that anterior UM occasionally
demonstrate typical UV-induced genetic signatures.® The presence of immune infiltrate is
unfavorable in UM, suggesting that immune cells fail to destroy the tumour; a possible explanation
is found in the expression of immune inhibitors such as Indoleamine 2,3-dioxygenase (IDO1) and
T cell immunoreceptor with Ig and ITIM domains (T1GIT), limiting immune responses.” Newly-
introduced targeted and immunotherapy are currently not successful in UM, which is again
attributed to the altered immune response compared to what is seen in extraocular CoM and

cutaneous melanoma.®
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The YAPI-pathway is involved in tumour growth and provides a new approach to UM
therapy

Cell growth is regulated by several stimuli, including the YAP1 pathway.®' Interestingly, YAPI
is activated by the GNAQ/II mutation that is commonly identified in UM,**% and the YAPI
pathway received recent interest as player in UM behaviour and as candidate for therapy; it can be

inhibited by the readily available ophthalmic drug verteporfin.®

In chapter 4.1 we study the YAP1 pathway in both UM and CoM. We show that YAP1 expression
is higher in UM with an unfavorable genetic profile and tends to be associated with worse clinical
outcome. In vitro tests with verteporfin show a response in several UM cell lines, but only a limited
response in CoM cell lines and (slow growing) BAP1-negative UM cell lines, demonstrating that
not only the studied genetic background but also traits such as cell growth rate underlie drug
sensitivity. While verteporfin may not be best as a single-use drug for UM, targeting the YAPI
pathway may be part of an approach for UM and beneficial to overcome drug resistance with other

agents.

Angiogenesis relates to tumour genetics and worse clinical outcome in UM

Angiogenesis is important for the development and behavior of UM.* Vessels provide nutrients
and oxygen to a tumour, and provide a route for metastatic cells to disseminate. Angiogenesis is
influenced by the tumour micro environment as immune cells can produce pro-inflammatory and
pro-angiogenic cytokines. It was recently demonstrated that genetic events in UM relate to the
presence of immune cells® and we therefore wondered whether genetic events relate to (markers
of) angiogenesis. In chapter 4.2 we show that vascular density relates to the genetic profile, with
an increased vascular density in M3/BAP1-loss UM. Status of chromosome 8q (of which gain is
an early event)® was not related to the vascular density, indicating that true increased angiogenesis
is a later event. Increased vascular density was associated with expression of ANGPT2, VWF and

remarkably less VEGF-B, a cytokine that needs further elucidation (in contrast to the better-known
VEGEF-A).

A key regulator of angiogenesis is HIF1a.®® Drugs targeting HIF1a are currently under investigation
in UM® and we wondered which patients could benefit most. We showed that higher expression
of HIF1a was observed in BAP1-loss UM. This provides information on the development of UM
and suggests that tumours with M3/BAP1-loss may be the best candidates for HIF1a targeting.”

Clinical assessment of retinal oximetry differentiates between choroidal melanoma and nevi

Tumour vessels are currently assessed in clinical practice to differentiate benign from malignant
ocular lesions. This can be done using fluorescein angiography, with injection of dye and assessment
of vascular patterns and leakage.””> Drawbacks to the technique are the invasive nature and limited

use in anterior segment lesions particularly of the conjunctiva as dye easily leaks from conjunctival
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vessels.”” As proliferating tumour cells are expected to have an increased metabolism, we studied
oxygenation of retinal vessels in eyes with a choroidal melanoma or nevus using a relatively new
imaging device (Oxymap T1) (chapter 5.1). While choroidal nevus eyes had no alterations, we
found different oxygen values in choroidal melanoma eyes, including in retina not-overlying tumour
tissue. The observed alterations may be due to a different oxygen metabolism, inflammation, and
relocation of flow in melanoma eyes. As a diagnostic technique, other techniques may currently be
more specific, but retinal oximetry adds to this knowledge and also allows for future monitoring of

treatment-related (radiation) effects.

OCT-Angiography is feasible for CoM and UM of the anterior segment but currently limited
by imaging and software techniques

A new non-invasive imaging technique to depict the structure of vessels of the eye is OCT-
Angiography (OCTA). While being developed to study retinal vessels,” we applied this technique
to the anterior segment with the aim of visualizing tumour vessels in the iris and conjunctiva
(chapter 5.2). We show that vessels can be depicted, but that obtaining good-quality images is
highly dependent on patient and tumour characteristics such as cooperation and pigmentation
status. Within nevi as well as melanoma, we found tortuous vascular patters, distinct from healthy
iris and conjunctiva. We did not observe differences in vascular density or patterns between
benign and malignant lesions, however, possibly hampered by a small sample size and the reported

limitations of current imaging techniques.

Future Perspectives

The search for treatment of (disseminated) UM continues, and several targets are under
investigation. Multi-pathway blocking may overcome issues with current drugs, and targeting the
YAP1 pathway is a promising route as part of treatment for UM. Verteporfin, as a readily-available
ophthalmic drug, may also demonstrate other usage such as slowing down tumour growth while
waiting for (radiation) therapy. The immune privilege of the eye, and the position of UM, needs
better understanding to possibly introduce drugs that revolutionized therapy of cutaneous, and

conjunctival, melanoma.

New imaging techniques are promising in the non-invasive approach to diagnose ocular lesions.
For the assessment of tumour vessels, developments in imaging resolution and analysis software are
beneficial to overcome artefacts of tumour pigment and lesion thickness. Oximetry of retinal vessels
may perhaps not be an addition for diagnostic purposes, but a candidate to monitor treatment
response, in combination with structural imaging using OCTA. The latter has proven suitable to
detect minor vascular aberrations in UM eyes and may be implemented more with the renewed

studies into radiation retinopathy following the application of anti-VEGF therapy.
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CONCLUDING REMARKS

Over the last two centuries, much has changed in the field of ocular oncology. The implementation
of the ophthalmoscope (to visualize intraocular lesions in patients), and histological assessment
(to visualize individual melanoma cells) were only the beginning of a path that led to advanced
diagnostic procedures and therapeutic possibilities. A variety of imaging techniques is currently
available to study melanocytic lesions, and cell traits can be studied on a genetic level identifying
subclones within single tumours. Surgery, radiotherapy and conventional chemotherapy have been

complemented by individualized (targeted/immune) therapy for specific tumour cells.

Why then, two centuries of study later, is ocular melanoma still a deadly condition and is the call
for better management still urgent? As we demonstrate in this thesis, a first explanation may be
that ‘ocular melanoma’ is not a homogenous field of study, and that in fact it comprises a variety of
tumour types. Not only UM and CoM have different traits, but as knowledge continues, subgroups
within UM and within CoM are being identified, all requiring a different approach. Second, the
rarity of these entities does not allow for large-scale trials. Collaborations, internationally, are
therefore further needed to answer the pending questions with sufficient numbers. In line with
rarity is lack of exposure for many (general) ophthalmologists, calling for specialized structures of
healthcare. And third, perhaps the era of digital imaging and personalized medicine has only just
started. For CoM, some major advances coming from cutaneous melanoma have been introduced
and it is expected that this will largely benefit patients in the coming years. For UM, a personalized
approach needs further study of possible targets, but it is not unlikely that new drugs will follow
shortly. Technological advances develop by the day, and as we look upon how much technology has
changed in a decade, who knows what imaging techniques will be developed. This thesis, naturally,
can only aim to be a piece in that large puzzle, and hopefully adds to the path of making ocular

melanoma a disease of the past.
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Dutch Summary

CHAPTER 8.1 - DUTCH SUMMARY / NEDERLANDSE
SAMENVATTING

NIEUWE ONTWIKKELINGEN IN BEELDVORMING EN
BEHANDELING VAN OOGMELANOOM

Dit proefschrift heeft als doel om de diagnostick van oogmelanoom te verbeteren met nieuwe
beeldvormingstechnieken, en om nieuwe aangrijpingspunten te vinden voor behandeling. Zowel
conjunctivamelanoom (CoM) als uveamelanoom (UM) zijn bestudeerd, twee tumortypen die betere
diagnostick en behandeling behoeven, maar elk met hun eigen genetische achtergrond en klinische
presentatie. Een overkoepelend thema in meerdere projecten van dit proefschrift is ‘angiogenese’,
d.w.z. vaatgroei. Dit is onderzocht om een beter begrip te krijgen over de rol van vaatvorming bij
tumorgroei, bij diagnostiek, en als aangrijpingspunt voor behandeling. Door zowel UM als CoM te
onderzoeken, en door zowel basale projecten als klinische projecten uit te voeren, menen wij dat dit

proefschrift heeft geleid tot een beter begrip van beide tumortypen.

DEEL | - CONJUNCTIVAMELANOOM

Samenvatting en discussie

CoM is een zeldzame oogtumor die ontstaat uit pigmentcellen van de slijmvliezen van het oog, met
een incidentie van 0.3-0.8 per miljoen in een blanke bevolking."# Het heeft een hoge recidiefkans
(van circa 40% in 5 jaar)"’ en kans om uit te zaaien (circa 20% in 10 jaar)®’. Het is nodig om
patiénten vroeg te diagnosticeren, en er is een grote behoefte aan betere behandelingen, met name

voor uitgebreide ziekte en in het geval van uitzaaiingen.

Dit proefschrift start met een analyse van huidige patiénten met CoM (hoofdstukken 2.1, 2.2,
2.3). De bevindingen laten zien dat nieuwe behandelingen nodig zijn en leiden tot aanbevelingen
voor het vervolgen van patiénten in de praktijk. Hierna gaan we verder met een samenvatting van de
kennis over de genetische en immunologische achtergrond van CoM (hoofdstukken 3.1, 3.2). Dit
geeft een basis voor verdere diagnostiek en prognostiek, en geeft nieuwe aangrijpingspunten voor

behandeling gebaseerd op genetische en immunologische mechanismen.

CoM heeft een hoge kans op recidieven en uitzaaiingen
Betere behandeling van CoM is nodig vanwege de hoge kans op recidieven en uitzaaiingen.*
Hoewel meerdere studies dit onderwerp behandelen, zijn de meeste studies klein en rapporteren

ze slechts een kort beloop. Dit is niet verwonderlijk door de zeldzaamheid van CoM en de
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gefragmenteerde zorgstructuur in vele landen, maar het beperkt conclusies over prognostische
eigenschappen. In Nederland zijn landelijke verwijscentra voor oogoncologie aangewezen en bestaat
een landelijke oncologische registratie (OncDoc / RANK) waardoor wij een relatief groot cohort
van 70 patiénten met goede gegevens over het beloop konden analyseren (hoofdstuk 2.1). We
vonden het belang van vroege verwijzing naar expertisecentra, aangezien patiénten die hun eerste
excisie in een ander centrum ontvingen, een significant hogere recidiefkans hebben. Dit kan komen
door incomplete resectie of suboptimale benadering met kans op verspreiding van tumorcellen.
Voor lokaal beperkte CoM vonden we dat tumorresectie alléén niet afdoende is, en dat aanvullende
(adjuvante) behandeling noodzakelijk is. Er is momenteel geen data die daarbij de voorkeur geeft
aan een bepaalde strategie.*” Onze benadering omvat brachytherapie (met Ru-106 applicatoren)
voor bulbaire laesies, en toevoeging van mitomycine-c druppels indien er (ook) primair verworven
melanose (PAM) aanwezig is. Bij deze benadering zijn de uitkomsten qua recidieven en overleving
gunstig vergeleken met de literatuur en dit kan dus eveneens geadviseerd worden voor andere

centra.'®

Tumorpigmentatie is een belangrijke eigenschap van CoM

Bij het analyseren van ons cohort aan CoM patiénten, werden wij getroffen door de variatie in
klinische presentatie. CoM kan ongepigmenteerd, roze en zwart zijn, wat een uiting is van
verschillende typen tumorpigmentatie. Melanine heeft een rol in melanoomvorming en gedrag
— zoals bekend is van huidmelanoom en UM!" — en hierdoor vroegen we ons af of kenmerken
van tumorpigment bij CoM gerelateerd zijn aan tumorgedrag. Wij onderzochten pigment in een
gecombineerde set van 444 CoM patiénten uit Leiden en Philadelphia (Verenigde Staten), wat
opmerkelijk genoeg één van de grootste cohorten CoM is die ooit beschreven zijn. In hoofdstuk 2.2
vonden we dat licht gepigmenteerde CoM een slechtere uitkomst hebben vergeleken met donkere
laesies. Dit kan voortkomen uit eigenschappen van verschillende typen melanine,'? maar ook van
factoren die gerelateerd zijn aan behandeling zoals een vroegere herkenning en zichtbaarheid van

tumorranden bij gepigmenteerde tumoren.

In hoofdstuk 2.3 vergeleken we vervolgens de pigmentatie van oorspronkelijke CoM laesies met
hun recidieven. We toonden dat recidieven vaker licht gepigmenteerd zijn dan hun oorspronkelijke
laesie, maar dat elke vorm van pigmentatie kan optreden. Dit kan komen door verlies van
pigmentproductie bij meer maligne pigmentcellen, of omdat primair ongepigmenteerde laesies
eenvoudiger gemist worden. Aangezien de klinische uitkomst niet samenhing met pigmentatie van
recidieven (en wel met de primaire laesie), kan dit erop wijzen dat uitzaaiingen een vroeg ontstaan
hebben, dat meer gerelateerd is aan de primaire laesie dan aan locale recidieven, of dat recidieven

intensiever worden behandeld.
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CoM patiénten hebben een lange en grondige follow-up nodig

Voor het klinisch vervolgen van CoM benadrukken wij het belang van goede follow-up en het
herkennen van conjunctivale laesies. Recidieven van CoM kunnen niet alleen verschillende
graden van pigmentatie hebben (hoofdstuk 2.3), maar kunnen ook optreden na meerdere jaren,
zoals we laten zien met een patiént die twee late recidieven ontwikkelde: één recidief ontstond
21 jaar na excisie en cryotherapie, het andere ontstond vier jaar na orbitale exenteratie (d.w.z.
totale verwijdering van het oog en omliggende weefsels, hoofdstuk 6.3). Dit impliceert dat CoM
onderhevig is aan ‘tumour dormancy’, d.w.z. een tijdelijke rustfase,'> met cellen die zich al verspreid
hebben voorafgaand aan chirurgische behandeling. Goede herkenning van conjunctivale laesies
tijdens het vervolgen van patiénten is daarom belangrijk voor optimale zorg. Belangrijk bij het
beoordelen van conjunctivale laesies is dat clinici zich bewust moeten zijn van secundaire oorzaken
van melanoom, aangezien de conjunctiva uitzaaiingen kan bevatten van elders gelokaliseerd
melanoom.' We presenteren een patiént met een conjunctivale laesie die een metastase bleek te
zijn van een huidmelanoom (hoofdstuk 6.1). Deze patiént is succesvol behandeld met nieuwe
doelgerichte- en immunotherapie, wat tevens het belang van deze nieuwe behandelingen toont
(hoofdstuk 3.1). Illustratief bij het gegeven dat niet elke gepigmenteerde laesie van de conjunctiva
kwaadaardig is, was onze observatie bij een patiént die eerder brachytherapie ontving voor UM
en later twee gepigmenteerde plekjes op de sclera ontwikkelde, dit waren geen recidieven maar

plekjes die pigment-bevattende macrofagen bevatten waarbij geen verdere behandeling nodig was

(hoofdstuk 6.4).

CoM heeft de genetische achtergrond van een niet-oogheelkundig melanoom
Recent onderzocek laat zien dat CoM mutaties heeft in genen zoals BRAF, NRAS, NFI en TERT,
en dat zeldzame mutaties kunnen optreden in K77 en andere genen.'>" Dit profiel lijkt erg op dat

20,21

van huidmelanoom®*! en illustreert dat CoM als tumor buiten het oog gelegen is, en erg verschilt

van uveamelanoom (met o.a. mutaties in GNAQ/I1 en BAPI) dat binnen het oog voorkomt.??*
Genetische mutaties laten zien dat ultraviolette (UV) straling vermoedelijk bijdraagt aan het
ontstaan van CoM, met veel C>T veranderingen en een hoge mutatielast.”*” CoM kan echter zowel
ontstaan in conjunctiva die blootstaat aan zonlicht als conjunctiva die bedekt is, wat impliceert dat

UV geen noodzakelijke factor is voor de ontwikkeling van CoM.

Voorlopers van CoM, zoals nevi (moedervlekken) en primair verworven melanose (PAM),*
tonen gelijksoortige mutaties als CoM, en hoewel de percentages van optreden verschillen, zijn
geen volledig onderscheidende mutaties bekend.'”*3 Dit beperkt het gebruik van genetica om
goedaardige van kwaadaardige laesies te onderscheiden, en laat zien dat sleutelmomenten in het
ontstaan van CoM nog gevonden moeten worden. Mutaties kunnen echter gebruike worden bij
gepigmenteerde laesies om een onderscheid te maken tussen een oorsprong uit de conjunctiva en

de uvea, wat relevant is bij specificke gevallen waarbij UM door het oog groeit, of in gevallen met
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een onbekende primaire laesie. Zeer recente studies tonen echter ook hiervan de betrekkelijkheid,
omdat UM van het voorsegment eveneens BRAF mutaties kunnen bevatten,” en omdat CoM in

zeldzame gevallen ook BAPI mutaties toont, een kenmerk van UM.*

De prognostische waarde van mutaties in CoM is momenteel beperkt door verschillende bevindingen
in studies, en wordt tevens beperkt door kleine studiegroottes. Recent onderzoek toont dat 7ERT
mutaties mogelijk samenhangen met het optreden van uitzaaiingen, en dat deze mutaties erg
zeldzaam zijn bij goedaardige aandoeningen, waarmee dit mogelijk een belangrijke nieuwe factor
wordt in de stadiering van CoM.” Een veelbelovende aanpak van genetische kenmerken van CoM
is via micro-RNA (miRNA), wat - hoewel nog in de kinderschoenen - informatief kan zijn voor

differentiatie en prognosticatie door vele genen tegelijkertijd te analyseren.?*

Aanwezigheid van immuuncellen bij CoM remt tumorgroei, maar de celtypen moeten verder
geidentificeerd worden

In aanvulling op genetica, vormt ontsteking één van ‘hoekstenen’ van kanker en is als zodanig erkend
als belangrijke factor voor ontwikkeling en gedrag van tumoren.”” Tumorinfiltraat bij CoM bestaat
uit verschillende celtypen, waaronder lymfocyten en macrofagen met verschillende functies. De
aanwezigheid van immuuncellen is geassocieerd met een gunstige prognose bij CoM,*** wat
impliceert dat het immuunsysteem de tumorcellen aanpakt. Ook in dit aspect lijke CoM op
huidmelanoom, waarbij dit verschilt van UM waar ontsteking juist een teken is van maligniteit en

slechtere uitkomst.?

De rol van macrofagen bij CoM is nog onduidelijk, maar aangezien deze cellen angiogenese kunnen

44

bevorderen (met name de voornamelijk aanwezige M2-type macrofagen),* is het waarschijnlijk

dat zij een ongunstig effect hebben op groei van CoM, zoals ook bekend is van huidmelanoom en
UM.%

Een van de belangrijke regelmechanismen tussen het immuunsysteem en tumorcellen wordt
gevormd door de PD-1/PD-L1 as.® Een cel die PD-L1 tot expressie brengt, remt een T cel die
PD-1 op het oppervlak heeft. Tumorcellen maken hiervan gebruik om het immuunsysteem af te
remmen. Wij toonden dat PD-L1 tot uiting komt op CoM en dat de expressie hiervan samenhangt
met slechtere overleving zoals 0.b.v. het mechanisme kan worden verondersteld (hoofdstuk 3.2).

Dit komt overeen met bevindingen bij huidmelanoom.

Nieuwe beh andelingen voor CoM volgen uit genetica en immunologie
De bevindingen in tumorgenetica en immunologisch gedrag van CoM leiden tot ‘doelgerichte
therapie’ en ‘checkpoint inhibitor therapie’, zoals recent al geintroduceerd voor huidmelanoom.

Nieuwe behandelingen zoals deze zijn erg nodig voor CoM waarbij conventionele behandeling niet
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volstaat. Zover wij weten bestaan er geen klinische trials of grote series over dit onderwerp, maar
kleine studies met CoM patiénten tonen een voordeel voor zowel lokaal uitgebreide CoM, als voor

CoM met uitzaaiingen.

Doelgerichte therapie omvat BRAF en MEK remmers, en verschillende beschrijvingen zijn bekend
waarbij CoM succesvol is behandeld (samengevat in hoofdstuk 3.1). In aanvulling hierop worden
meerdere medicijnen momenteel in preklinische studies onderzocht (gericht tegen bijv. K17, TERT,
of EZH2).

Checkpoint inhibitors werken door de interactie tussen het immuunsysteem en de tumor, zoals
eerder genoemd bij PD-1/PD-L1. Door het bestuderen van tumorweefsel en in vitro modellen,
laten we de rationale zien voor gebruik van anti PD-1/PD-L1 medicijnen bij CoM (hoofdstuk
3.2). Enkele casus van patiénten die hiermee - meestal succesvol - behandeld zijn, zijn gerapporteerd

in de literatuur (samengevat in hoofdstuk 3.1).

Nadelen bij nieuwe behandelingen voor CoM

Bij de nieuwgenoemde behandelingen moeten twee nadelen belicht worden: resistentie en
bijwerkingen.”>° Tegen het eerste punt is mogelijk een combinatie van behandelingen nodig, die
verschillende pathways tegelijkertijd aanpakt. Belangrijk daarbij is een genetische screening die
een gepersonaliseerde aanpak mogelijk maake die zorgt voor de beste aansluiting tussen patiént en
therapie. Bijwerkingen van de nieuwe behandelingen moeten in de gaten worden gehouden om de
therapie aan te passen, of om de bijwerkingen z€éIf te behandelen. Aangezien immuun-gemedicerde
bijwerkingen een relatief nieuw verschijnsel zijn in de geneeskunde, vraagt dit om bewustwording
onder artsen. Belangrijk hierbij is dat immuun-gemedieerde bijwerkingen het oog kunnen aandoen
terwijl de middelen systemisch gegeven worden, waarbij oogartsen zich bewust moeten zijn van
deze bijwerkingen bij oncologische patiénten die behandeld worden met immuuntherapie voor
niet-oogheelkundige maligniteiten.’' Wij presenteren een casus van een patiént die rosacea van het
oog ontwikkelde na gebruik van checkpoint inhibitors ipilimumab en nivolumab, hetgeen goed

behandeld kon worden met lokale steroiden (hoofdstuk 6.2).

Toekomstperspectieven

Huidige studies naar genetica en immunologie bij CoM laten zien dat er nog veel te leren is over
tumorontwikkeling en gedrag. Tegelijkertijd tonen de huidige studies dat door deze kennis nieuwe
behandelingen tot stand komen. Een betere karakterisering van CoM (gebaseerd op genetica,
immunologie, en externe invloeden van melanine en UV straling) zullen betere prognosticering
en gepersonaliseerde therapie mogelijk maken. In aanvulling op medicijnen tegen BRAF en MEK,
en immunotherapie tegen PD-1 en CTLA4, worden nieuwe medicijnen tegen Kiz, NF1, TERT, of
EZH?2 binnenkort verwacht. Nieuwe medicijnen zullen vooral ten gunste komen van patiénten met

uitzaaiingen, maar zijn mogelijk ook gunstig voor patiénten met vergevorderde lokale ziekee, als
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alternatief voor uitgebreide chirurgie. Een secundair effect van de nieuwe behandelmogelijkheden
is de relevantie van betere tumorstadiering. Naast stadiering gebaseerd op tumormateriaal, omvat

dit het gebruik van lymfeklierstadiering door de schildwachtklier procedure®” en beeldvorming.

Een veelbelovende ontwikkeling in oogoncologie is het besef dat CoM een aparte ziekte-entiteit is
binnen het oogmelanoom, en dat dit wereldwijd beter beseft wordt. Vroege verwijzing naar tertiaire
centra dient de standaard te worden, net als het gebruik van gepaste adjuvante behandeling. Naast
een direct voordeel voor huidige patiénten die de beste therapie kunnen ontvangen, maakt dit ook

beter onderzoek mogelijk met grotere aantallen, wat ten goede komt aan tockomstige patiénten.

DEEL Il - UVEAMELANOOM

Samenvatting en discussie

UM is de meest voorkomende soort oogmelanoom met een incidentie van 5.1-8.6 per miljoen in een
blanke bevolking.”*>* Het omvat melanoom van de choroidea (vaatvlies), corpus ciliare (straalvormig
lichaam) en iris (regenboogvlies). Tot wel 50% van de patiénten overlijdt aan uitzaaiingen,”
wat stabiel is gebleven in de afgelopen vijf decennia.’® Vele concepten en behandelingen die van
toepassing zijn op andere typen melanoom zijn niet effectief bij UM door de specifieke genetische
achtergrond en immuun-geprivilegieerde positie in het oog.” Het maken van een onderscheid
tussen goedaardige en kwaadaardige laesies van de uvea kan lastig zijn, hoewel de eerste onschuldig

zijn en er een grote behoefte is aan betere behandelingen van de laatste.

In dit deel van het proefschrift beschrijven we eerst het genetische en immunologische profiel van
UM, dat erg verschilt van huidmelanoom en CoM (hoofdstuk 3.1). We gaan dieper in op activatie
van het aan groei gerelateerde YAP1-pathway als mogelijke voorspeller van uitzaaiingen en als
mogelijk behandeldoel van UM (hoofdstuk 4.1). Hierna bestuderen we angiogenese als belangrijke
factor in het gedrag van UM en als link tussen tumorgenetica en klinische uitkomst (hoofdstuk
4.2). Met nieuwe beeldvormingstechnieken bij patiénten bestuderen we vasculatuur in zowel
conjunctivale als uveale laesies om een onderscheid te maken tussen goedaardige en kwaadaardige

ziekte (hoofdstukken 5.1, 5.2).

De genetische en immunologische achtergrond van UM verschilt van huidmelanoom en CoM

UM heeft een opmerkelijk genetisch profiel en immunologische achtergrond, dat erg afwijke van
wat gezien wordt bij huidmelanoom en CoM (hoofdstuk 3.1). UM wordt getypeerd door vroege
mutaties in GNAQ/11, en latere mutaties in BAPI, EIFIAX en SF3B1.% Er is geen rol voor UV
straling bij het ontstaan van UM in het achtersegment, hoewel nieuwe inzichten laten zien dat UM
in het voorsegment sporadisch een typische UV signatuur toont.”® De aanwezigheid van immuun

infiltraat is ongunstig bij UM, wat impliceert dat immuuncellen er niet in slagen tumorcellen te
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vernietigen; een mogelijke verklaring volgt uit de expressie van immuunremmers zoals /ndoleamine
2,3-dioxygenase (IDO1) en T cell immunoreceptor with lg and ITIM domains (TIGIT), wat
immuunresponsen beperkt.”” Nieuw geintroduceerde doelgerichte- en immuuntherapie zijn
momenteel niet succesvol bij UM, wat wederom wordt toegeschreven aan een andere immuunrespons

vergeleken met wat wordt gezien bij (buiten het oog gelegen) CoM en huidmelanoom.*

Het YAP1-pathway is betrokken bij tumorgroei en biedt een nieuwe benadering voor
behandeling van UM

Celgroei wordt gereguleerd door verschillende stimuli, waaronder de YAP1-pathway.®' Interessant is
dat YAP1 geactiveerd wordt door de GNAQ/11 mutatie die meestal al vroeg optreedt bij UM.%>% De
YAP1-pathway is onlangs in de belangstelling komen te staan als mogelijk doel voor behandeling;

het kan geremd worden door het reeds bestaande medicijn verteporfine.®*

In hoofdstuk 4.1 bestudeerden wij de YAP1-pathway in zowel UM als CoM. We toonden dat
YAP1 expressie hoger is bij UM met een ongunstig genetisch profiel en mogelijk geassocieerd is met
een ongunstige klinische uitkomst. In vitro werk met verteporfine toonde een respons in meerdere
UM cellijnen, maar slechts een beperkte respons bij CoM cellijnen en (traag groeiende) BAP1-
negatieve UM cellijnen, wat toont dat niet alleen de onderzochte genetische achtergrond maar
ook eigenschappen zoals snelheid van celgroei bepalend zijn voor medicijngevoeligheid. Hoewel
verteporfine vermoedelijk niet het meest geschikt is als losstaand medicijn bij UM, is het aanpakken
van de YAP1-pathyway mogelijk wel geschike als onderdeel van een behandeling tegen UM en

geschikt om resistentie tegen andere middelen te overwinnen.

Angiogenese is gerelateerd aan tumorgenetica en ongunstige klinische uitkomst bij UM

Angiogenese is belangrijk voor het ontwikkelen van en het gedrag van UM.*® Vaten brengen
voedingsstoffen en zuurstof naar een tumor, en vormen een route voor cellen om uit te zaaien.
Angiogenese wordt beinvloed door het tumormilieu aangezien immuuncellen cytokines kunnen
produceren die ontsteking en vaatgroei stimuleren. Recent werd gevonden dat genetische
veranderingen bij UM samenhangen met de aanwezigheid van immuuncellen® en daarom vroegen

wij ons af of genetische veranderingen eveneens samenhangen met (markers van) angiogenese.

In hoofdstuk 4.2 toonden we aan dat vaatdichtheid gerelateerd is aan het genetische profiel, met
een toegenomen vaatdichtheid bij UM met het prognostisch slechte monosomie 3 / verlies van
BAP1 eiwit expressie. De status van chromosoom 8q (waarbij het optreden van extra kopieén
een vroege gebeurtenis is)®” was niet gerelateerd aan vaatdichtheid, wat erop wijst dat werkelijke
angiogenese cen latere gebeurtenis is. Toegenomen vaatdichtheid was geassocieerd met expressie van
meerdere factoren zoals ANGPT2, VWEF en opmerkelijk genoeg minder VEGF-B (in tegenstelling
tot het beter bekende VEGF-A). Een sleutelregulator van angiogenese is Hypoxia Inducible Factor 1a

(HIF1a).®® Medicijnen tegen HIF1a worden momenteel onderzocht bij UM® en wij vroegen ons
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daarom af welke patiénten hiervan de meeste baat kunnen hebben. Wij toonden dat hogere expressie
van HIF1la gezien wordt bij BAP1-verlies in UM. Dit geeft informatie over de ontwikkeling van
UM en doet de suggestie dat tumoren met monosomie 3 / verlies van BAP1 de beste kandidaten

zijn voor HIF1a therapie.”

Klinische zuurstofwaarden in de retina verschillen tussen choroidea melanomen en nevi

Tumorvaten worden momenteel al geanalyseerd in de klinische praktijk om een onderscheid te
maken tussen goedaardige en kwaadaardige oogheelkundige laesies. Dit kan middels fluorescentie
angiografie, waarbij kleurstof in de bloedvaten wordt ingespoten en vaatpatronen en lekkage van
het oog worden onderzocht.”"’? Een nadeel van deze techniek is de invasieve aard en een beperkt
gebruik bij laesies van het voorsegment, met name omdat de kleurstof erg snel lekt uit conjunctivale
vaten.”> Omdat delende tumorcellen een toegenomen metabolisme hebben, onderzochten we
zuurstofwaarden van retinale vaten in ogen met een choroidea melanoom of naevus met een relatief
nieuwe beeldvormende techniek (Oxymap T1) (hoofdstuk 5.1). Hoewel ogen met een choroidea
naevus geen veranderingen lieten zien, vonden we afwijkende zuurstofwaarden in ogen met een
choroidea melanoom, waaronder in de retina die niet over de tumor gelegen is. Deze veranderingen
wijzen op afwijkend zuurstof metabolisme, ontsteking en herverdeling van bloedstroom in UM-
ogen. Als diagnostische techniek zijn andere technieken momenteel meer specifiek, maar retinale
oxymetrie voegt informatie toe aan deze gegevens en kan gebruikt worden bij het vervolgen van

behandelings-gerelateerde (bestralings-) effecten.

OCT-Angiografie is mogelijk bij CoM en UM van het voorsegment, maar momenteel beperkt
door de beeldvormende techniek en software

Een nieuwe niet-invasieve beeldvormende techniek om vaten van het oog af te beelden is OCT-
Angiografie (OCTA). Hoewel ontwikkeld voor retinale vaten,” pasten we deze techniek toe op het
voorsegment met als doel om tumorvaten in de iris en conjunctiva af te beelden (hoofdstuk 5.2).
We toonden dat vaten kunnen worden afgebeeld, maar dat het verkrijgen van een goed beeld sterk
athangt van eigenschappen van de patiént en tumor, zoals goede medewerking en tumorpigmentatie.
Bij zowel nevi als melanomen vonden we kronkelige vaatpatronen, afwijkend van gezonde iris en
conjunctiva. We vonden geen verschil in vaatdichtheid tussen goedaardige of kwaadaardige laesies.
Dit werd echter mogelijk beperkt door lage aantallen en de genoemde beperkingen van de huidige

beeldvormende technieken.

Toekomstperspectieven

De zoektocht naar behandelingen voor (uitgezaaide) UM gaat door. Het remmen van meerdere
pathways tegelijkertijd kan problemen met huidige medicijnen overwinnen, en het aanpakken van
de YAP1-pathway is een veelbelovend aspect als onderdeel van behandeling voor UM. Verteporfine,

als reeds bestaand oogheelkundig medicijn, kan mogelijk ook op andere wijze gebruikt worden zoals
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tumorgroei te vertragen in afwachting van (bestralings)therapie. Het immuun privilege van het
oog, en intraoculaire en uitgezaaide UM, vragen om beter begrip zodat mogelijk ook de medicijnen
geintroduceerd kunnen worden die eerder de behandeling van huidmelanoom, en CoM, zo

drastisch hebben verbeterd.

Nieuwe beeldvormingstechnieken zijn veelbelovend om ooglaesies niet-invasief te diagnosticeren.
Voor het bestuderen van tumorvaten zijn een betere beeldresolutie en analyse software nodig om
artefacten door tumorpigmentatie en laesie dikte te verhelpen. Oxymetrie van retinale vaten is
mogelijk niet een toevoeging voor diagnostiek, maar wel een kandidaat om de behandelreactie te
monitoren, in combinatic met structurele beeldvorming middels OCTA. Die laatste technick
kan minimale vaatafwijkingen in UM ogen tonen, en kan uitgebreid toegepast worden bij studies
naar bestralingsretinopathie, wat tegenwoordig beter behandeld wordt met de introductie van

vaatgroeiremmende (anti-VEGF) therapie.
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