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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 melanoma1 and has an incidence 
of 0.6 to 0.8 per million in Caucasians.2,3 CoM has a high recurrence rate, at 26-61% in 5 years.3-7 
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.8 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%.7,9

To identify which mechanisms play a role in melanoma development and the formation of 
metastases, we recently studied tumour pigmentation in primary CoM.10 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 tumour 
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 
a role 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).5 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.5,11 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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Figure 1. Corresponding primary and recurrent lesions of conjunctival melanoma with different pigmentation. 
Both patient 1 (a, b) and patient 2 (c, 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.10 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.10 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.e. 
blue, green or grey) or ‘dark’ (i.e. hazel or brown), which reflects a division between low or high 
melanin content of iridal melanocytes.12 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

Total

Pigmentation of CoM recurrences

Always High 
Cases (%)

Always Low 
Cases (%)

Variable
Cases (%)

p value46 (39) 51 (44) 20 (17)

Pigmentation of the primary CoM*
   Low pigmentation
   High pigmentation

7 (17)
37 (58)

25 (61)
17 (27)

9 (22)
10 (16)

<0.001

Iris colour
   Light
   Dark

28 (41)
18 (38)

31 (45)
20 (42)

10 (15)
10 (21)

0.66

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 
patient (mean, SD)

2.2 (2.8) 1.9 (1.0) 5.4 (5.5) <0.001

Metastasis
  Yes
  No

10 (22)
36 (78)

18 (35)
33 (65)

7 (35)
13 (65)

0.31

Melanoma-related death
  Yes
  No

6 (13)
40 (87)

10 (20)
41 (80)

5 (25)
15 (75)

0.45

*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)

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.13,14 Cutaneous melanocytes of dark-coloured skin 
contain more total melanin and relatively less pheomelanin compared to melanocytes of light-
coloured skin,15 as do uveal melanocytes in dark versus light-coloured irises.12 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 earlier study of a predominantly Caucasian population with CoM, 60% 
of all primary lesions were of high pigmentation and 40% were of low pigmentation.10 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.10 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.16 Also, it was demonstrated by Larsen et al. that 
BRAF mutations can differ between precursor lesions and outgrowth of CoM;16 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-1.17-19 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 TERT mutations in 38 cases of CoM,19 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 
early 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 melanoma20 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.21,22 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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