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Chapter 1

Introduction

Uveal Melanoma (UM) is a melanocytic tumor that originates in the iris, the ciliary body
or the choroid; together, these structures are called the uvea which is derived from
the Latin word uva, meaning grape [1]. A UM is a malignant tumor and often starts
as a benign nevus. The clinical presentation includes blurred vision, visual field loss,
complaints of floaters, photopsia, pain or a visible tumor. However, about a third of
UM patients are asymptomatic and only diagnosed by an optician or ophthalmologist
when somebody comes for glasses or check-up [2]. Treatment of the primary tumor
includes radiotherapy - e.g. brachytherapy with a radioactive plaque, stereotactic
radiation or proton beam therapy — or enucleation. In spite of excellent results of
local treatment, 50% of the patients may develop metastases; until recently, there
were hardly any treatment options for metastatic disease [3]. In 2021, a new type of
bi-specific monoclonal antibody, tebentafusp, was shown to prolong life of patients
with UM metastases [4]. As the main organ affected by metastases is the liver, liver
specific treatments have been developed. Recently, a randomized study (the CHOPIN
study) investigated liver perfusion with melphalan with and without the addition of two
immune checkpoint inhibitors. The combination of the three treatments led to a better
1-year progression free survival than liver perfusion alone [5]. While it is important
to be able to delay progression, no cure has as yet been developed and in order to
achieve lasting success in the treatment of these metastases, it is essential to develop
a better understanding about the metastatic process and biology of this tumor and
its metastases [6-8].

Figure 1: Pictures of a Uveal Melanoma as depicted on fluorescein angiography (FAG).

12



General introduction and thesis outline

Epidemiology and Risk factors

UM is arare disease, with an incidence varying between 5 and 9.5 cases per million [9-13].
UM specifically occurs in people of European ancestry, with a light eye color and a light
skin. A low level of cellular melanin in choroidal melanocytes constitutes a risk factor for
developing UM [14]. The presence of multiple moles and melanocytosis are associated
with an increased risk of developing UM and a choroidal nevus carries a small risk for
transformation into a UM [15-17].

Clinical features of UM patients with a high risk of developing metastases include an
older age, a large tumor basal diameter and high tumor thickness, involvement of the
ciliary body and extraocular tumor extension [9, 18, 19].

During progression from a normal melanocyte to a nevus and then a melanoma,
specific genetic changes occur, which differ from those in the much more common
cutaneous melanoma (CM). CM is distinctly different in genetic background, pathology
as well as clinical disease. As opposed to UM, the lethality of CM is lower because
of more success in treatment of metastases with targeted chemotherapy or with
checkpoint inhibitors [20, 21]. Important driver mutations in CM include mutations
in v-raf murine sarcoma viral oncogene homolog B1 (BRAF) or Neuroblastoma RAS
viral oncogene homolog (NRAS) [22]. Important genes associated with a high risk of
developing a cutaneous melanoma, so called high-penetrance melanoma susceptibility
genes, include CDKN2A, POT1 and MC1R [23, 24]. In UM, susceptibility genes are
germline mutations in the BAP7 gene (Abdel-Rahman, Pilarski et al. 2011, Wiesner,
Obenauf et al. 2011).

In UM, mutually-exclusive mutations in GNAQ or GNAT1 occur early in a melanocyte.
These mutations can be found in around 83% of UM patients [25, 26]. In a collaboration
with Dr Madigan in Australia, our lab showed that these mutations already occur in
choroidal nevi [27]. Another type of mutation is seen in CYSLTR2, which is much rarer
and found to occur in nevi as well as in UM [28].

While the mutations in GNAQ and GNAT71 are considered driver mutations, several
other changes may subsequently occur, leading to malignant progression. These
changes include chromosomal rearrangements and other mutations. These additional
oncogenic mutations also usually occur in a mutually-exclusive manner, and include
mutations in the BRCA1-associated protein-1 (BAP1), SF3B1 and EIF1AX genes, with
the latter two mutations leading to a relatively better prognosis than BAP7 mutated
tumors [6, 29, 30].
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When looking at chromosomal aberrations, a frequent change is loss of the long arm
of chromosome 6 (6g) and gain of the short arm of chromosome 6 (6p) [31]. Important
prognostic changes occur with chromosome 8q: gain of 8q may occur early during the
pathogenic process and is associated with the development of metastases [32,33].

The most important chromosomal prognostic parameter that determines prognosis is loss
of one chromosome 3 (Monosomy 3, M3) [34]. The (BAP1) gene is situated on chromosome
3, in the 3p21 region, and a mutation in this gene together with M3 is associated with a
bad outcome. It leads to loss of BAP1 protein and mRNA expression in the tumor [35, 38].

The exact role of the BAP1 protein is unclear, but inactivating mutations in the gene
of this deubiquitinating enzyme are seen in multiple malignancies. BAP1 is a tumor
suppressor involved in the epigenetic regulation of gene expression [36, 39]. Loss of
one chromosome 3 and loss of BAP1 protein expression in the tumor is associated
with an increase in inflammation [40, 41].

Inflammation

The presence of infiltrating immune cells is a hallmark of cancer. In most tumors,
the presence of more inflammatory cells in the tumor might lead to better immune
recognition, eliciting a better immune response and thus a better chance of survival.
In UM, the presence of tumor-infiltrating leucocytes and macrophages is associated
with a worse prognosis [42, 43]. Several studies on the identification of Tumor-Infiltrating
Lymphocytes (TILs) in primary UM (PUM) showed that TILs in UM are related with an
immunosuppressive tumor microenvironment. CD8+ regulatory T cells, in addition to
chemokines, may help to generate a pathway for metastatic development of the tumor
[44-46]. Another related cell type is the macrophage: in general, there are two types of
Tumor-Associated Macrophages (TAMs), M1 and M2 macrophages; especially the latter
is typically associated with UM [47]. A high density of TAMs as well as TILs is associated
with a poor prognosis [48]. The presence of TILS and TAMs, coupled with a high HLA
expression, constitutes the so-called “inflammatory phenotype” [40, 43], which is related
to a bad prognosis.

The presence of an inflammatory phenotype is associated with specific chromosome
aberrations in UM: Monosomy of chromosome 3 is related to a highly-inflamed
tumor [40, 49]. Specifically, gain of 8q is related to the presence of more TAM in the
tumor and loss of BAP1 protein expression is associated with the influx of T cells
as well as increased numbers of TAM [41]. The genes encoding HLA expression are
located on chromosome 6. Gain of the short arm (6p) and loss of the long arm (6q)
are chromosomal aberrations found in UM [50]. However, loss of heterozygosity of
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chromosome 6p did not affect HLA expression [51]. HLA expression is essential for
presenting antigens and eliciting an immune response from the body. Therefore, HLA
expression in UM is a well-studied factor with regard to the potential immunogenicity
of the tumor in a UM patient [52]. A high HLA Class | and Il expression is related to bad
survival [53]. The presence of T lymphocytes and/or macrophages may be responsible
for an increased HLA Class | and Il expression [54].

Immune privilege

The immune-privileged environment in the eye is unique in the human body and known to
be essential in the success of corneal transplantations; the corneal allograft is protected
from rejection because of the absent or limited induction of immune responses and lack
of immunological recognition [55]. Similarly, experimental mouse models show that the
immune privilege of the eye provides a less hostile environment for the tumor to grow.
This alleged increased threshold of immune responsiveness is illustrated by the lack of
treatment response in UM patients, when treated with immune-checkpoint inhibitors
alone (Jager et al. 2020). In addition to the immune privilege, the BAPT mutation has been
described to be involved in the upregulation of genes that have an immunosuppressive
role in the tumor environment. It has been suggested that this negatively impacts the
treatment success with immunotherapeutic approaches [56].

Prognostic indicators

Chromosomal aberrations, BAP1 mutation status and the mRNA gene expression
profile [57-59] all provide good prognostic biomarkers in UM. In order to obtain the
chromosome status of a tumor, one needs a tumor sample, either from tumor tissue
after enucleation of the eye or from a tumor biopsy, which is challenging and not
without risk [60]. Since UM spread via the haematogenous route, different studies have
focussed on blood biomarkers to develop a liquid biopsy [61].

Current methods to detect metastatic disease, as part of standard clinical care, include
ultrasound of the liver and serum liver function enzyme levels [62]. Metastatic UM often
presents as micro metastases. When liver metastases are detected, they often have
spread throughout the liver and resection of the metastases is not an option anymore.
Liver perfusion may then be an option.

Angiogenesis

In order for a tumor to grow it needs new blood vessels. The ability to do this depends
on the stimulation by pro-angiogenic cytokines. A tumor’s angiogenic ability can be
measured by studying the microvascular density (MVD), which was previously found
to be increased in tumors with monosomy 3 and BAP1 loss [63, 64]. A high MVD was
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found to be associated with an increased expression of angiopoietin 2 (ANGPT2), Von
Willebrand Factor (VWF) and increased numbers of tumor-infiltrating macrophages
and lymphocytes.

Pigmentation in UM and its metastases

A UM originates from a uveal melanocyte. It is the melanocyte that contains the
pigment typical of the uveal tract. Given that having a light eye color and a light skin
type are important risk factors for developing a UM, the role of pigmentation as a
predisposing factor in tumor development as well as in tumor behavior is well-studied,
but the exact pathophysiology remains unclear [65].

Treatment of UM metastases

While there are multiple treatment options for primary UM, there are no standard
treatment options for metastatic disease. In cancer treatment, e.g. in cutaneous
melanoma, the last decade has seen major improvements in curative and life-extending
treatments, especially thanks to the development of immunotherapy. However, in UM,
these so-called biological therapies are very rarely effective. Treatment options in case
of hepatic metastases include partial hepatectomy in case of solitary metastases and
percutaneous hepatic perfusion with melphalan or systemic treatment with tebentafusp
[4, 21]. A problem in studying clinical efficacy of new treatments for metastatic disease in
a Randomised Controlled Treatment (RCT) trial setting, is the low incidence of UM and
thus low number of patients with metastatic disease [6, 66, 67]. As described above,
the combination of percutaneous liver perfusion with two immune checkpoint inhibitors
led to a longer progression-free survival [5].

In order to optimize testing of new therapeutic combinations for the treatment of
metastatic disease, drugs and combinations of drugs are first tested on UM cell lines
and later in preclinical cancer models, for instance in a mouse patient-derived xenograft
(PDX) model [68, 69]. These PDX model better mimic the immune environment of a
tumor in the body [70].

A research consortium

The research described in this thesis has been part of the UM CURE consortium. This
is a Horizon 2020 project funded by The European Union for Research & Innovation
program, under grant agreement 667787. UM CURE was comprised of 12 partners who
bring their own expertise to the consortium in a symphonic action. The partners came
from seven European countries, and include: Institut Curie, Seeding Science and Pep-
Therapy, from France, the Cancer Research UK Manchester Institute and the University
of Liverpool from the United Kingdom (UK), Leiden University and Leiden University
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Medical Centre (LUMC) as well as PamGene, from The Netherlands, the University of
Trento from ltaly, the Jagiellonian University in Krakow, Poland, the Champalimaud
Foundation from Portugal and the Melanoma Patient Network Europe, Sweden.

The goals of UM CURE include the establishment of a European UM virtual Biobank
registry, identifying new therapeutic targets, testing new experimental models, both
in vitro and in vivo, to study the genetics, pathophysiology and immune landscape of
UM and its metastases and testing drugs. All of these approaches have the purpose
of finding a cure for metastatic disease (Figure 2) [7] (www.umcure2020.0rg).
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Figure 2. The UM CURE 2020 Approach and Methodology

This thesis

The studies described in this thesis focus on the current situation in UM and the
analysis of potential biomarkers in order to find potential treatment targets for
metastatic disease.
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In Chapter 2, we analyse the developments in UM over time. Due to the presence
of a large database containing the clinical and histopathological data of UM that led
to enucleation of the eye at the Leiden University Medical Centre, we could evaluate
survival over five decades.

Survival in UM depends on the development of metastatic disease. In Chapter 3, the
current situation on treatment with immune checkpoint inhibitors in both uveal and
conjunctival melanoma is described. We further determined the presence of PD-L1,
a well-known T-cell inhibitor, in the anterior chamber fluid in UM-containing eyes that
had been enucleated at the LUMC.

Chapter 4 further describes the identification of potential biomarkers in the aqueous humor
of enucleated UM eyes, which leads to the identification of three prognostic groups in UM.

Continuing the identification of biomarkers in aqueous humor, Chapter 5 describes the
innovative process of testing soluble HLA (sHLA) in the agueous humour of UM-containing
eyes and the prognostic outcome of sHLA and its association with tumor characteristics.

Chapter 6 focuses on the important process of angiogenesis in tumor growth and
describes that in UM, it is the expression of Angiopoietin-2 but not Angiopoietin-1 in
tissue and aqueous humor that correlates with prognosis.

With a light iris color being an important risk factor for developing a UM, Chapter 7
describes the role of iris pigmentation including a comparison of the distribution of
iris colour between Dutch UM patients and healthy Dutch controls.

Chapter 8 continues the focus on iris pigmentation and demonstrates that genetic
aberrations in UM show greater impact on metastasis-free survival in individuals with
light iris color versus dark iris color, hypothesizing the importance of pigmentation in
the pathophysiological pathway or even as a biomarker.

When studying kinase and phosphatase activity, Chapter 9 describes the use
of functional phosphoproteomic assays in order to find potential pathways and
biomarkers. Kinase activity in primary UM is increased through the presence of
infiltrating leukocytes, while phosphatase activity is a characteristic of the tumor itself.
This may have implications for therapy.

Chapter 10 includes a summary and discussion of this thesis as well as future
perspectives.
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