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Chapter 2.2

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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Chapter 2.2

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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Tumour Pigmentation in Conjunctival Melanoma

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.
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