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Abstract

Aims—To characterise a histologically unusual paediatric uveal melanoma by gene expression
and karyotypic profiling and assess prognosis.
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Methods—The tumour was studied by histopathology, karyotype analysis, single nucleotide
polymorphism and gene expression profile analysis for correlation with clinical outcome.

Results—The tumour had predominantly epithelioid histology. Karyotype analysis showed none
of the poor prognosis features normally associated with uveal melanoma. single nucleotide
polymorphism analysis revealed no imbalance at chromosome 3. Gene expression profiling
indicated low risk disease.

Conclusions—We report a child remaining relapse-free 6 years after diagnosis of a very rare
uveal melanoma, with poor prognosis epithelioid histology, but gene expression profiling that
accurately predicted low risk disease.

INTRODUCTION

Uveal melanoma is extremely rare in children, the incidence ranging from 0.8% for those
<20 years and 0.12% for those <10 years of age.! Clinical presentation and treatment do not
differ from adults,? however there is a suggestion that paediatric tumours may be smaller
and seed less than those in adults.3 Poor prognosis is associated with large tumours (>10-
mm diameter, >2-mm height),* epithelioid histology, vascular, highly proliferative and
necrotic tumours, monosomy 3, and trisomy 8 or 8¢.°~7 Other karyotypic abnormalities
including loss of a sex chromosome, and partial loss of 6¢, confer a better prognosis.>’
Metastases commonly affect liver, lung, bone and skin. Median relapse-free survival is 3
years.8

We report a child remaining relapse-free 6 years after diagnosis of a rare uveal melanoma
with a novel karyotype, poor prognosis epithelioid histology, but gene expression profiling
that accurately predicted low risk disease.

MATERIALS AND METHODS

Clinical care

Standard clinical care protocols were used to diagnose and treat the patient, including
clinical examination, examination under anaesthesia for imaging using RetCam,
ultrasonography, axial CT and MRI. When the eye was enucleated, tumour was sent for
molecular analyses, and the remaining globe was fixed in 4% formalin and embedded in
paraffin.

Histopathology

Karyotyping

The formalin-fixed, paraffin-embedded eye was cut into 5-um sections and stained with
H&E and Mart-1 (Cell Marque, clone M2-7C10; dilution 1:100; detection with red
chromogen). Images were captured using a Nikon Super Coolscan 5000 ED slide scanner.

Mechanically disaggregated direct preparations and short-term collagenase-treated cultures
were prepared and G-banded according to standard cytogenetic techniques.
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Single nucleotide polymorphism analysis and gene expression profiling

RESULTS

Single nucleotide polymorphism analysis was performed for chromosome 3, a hotspot for
uveal melanoma abnormalities. Gene expression profiling was performed on a microfluidics
multiplex-PCR platform as previously described,® and analysed mathematically using
principal component analysis against a set of previously validated tumours.

Clinical findings

A 4-year-old girl presented with loss of vision for 1-day in the left eye that had “turned
outwards’ for 1 month. She had congenital left sensorineural deafness. Her left eye was
exotropic with 20/400 vision, with a large pigmented subretinal mass with yellow flecks
abutting the left optic nerve, causing a serous macular detachment. Right eye was normal.

Cutaneous melanoma was diagnosed in a maternal first cousin at age 34 years and a paternal
grandfather at age 40 years. The patient had no atypical cutaneous naevi.

CT orbits showed a left ocular hyperdense calcified dome-shaped lesion (figure 1A). MRI
showed that the 11.6-mm widthx6.3-mm height mass was T1-hyperintense (not shown) and
T2-hypointense (figure 1B), and ultrasonography showed a large calcified lesion (figure
1C). Examination under anaesthesia showed a grayish-black, homogeneous, non-
haemorrhagic mass with early hyperfluorescence and late staining on fluorescein
angiography. Differential diagnoses included uveal melanoma, melanocytoma, amelanotic
schwannoma, neurogenic tumour, pigment cell hamartoma, retinoblastoma and metastatic
tumour. Biopsy was avoided because of concern of extraocular seeding. The left eye was
enucleated 2 months later because of a slight enlargement and poor vision.

The melanocytic tumour, confined to the left globe (figure 1D), occupied the choroid and
showed predominantly epithelioid histology, consisting of large, irregular, polygonal cells
with prominent nuclei, abundant cytoplasm and varying levels of pigmentation (figure 1E-
G), fitting the Callender classification.1! It was positive for the melanocytic marker Mart-1
(figure 1H), showed few mitotic figures and low MIB-1 staining, with no necrosis,
vasculogenic mimicry nor extension into sclera or optic nerve.

The original and subsequent metastatic surveillance of MRI head and orbits, liver and total-
body MRI, liver ultrasonography and liver function tests, showed that she is relapse-free 6
years later.

Cytogenetic and molecular findings

Tumour karyotype by G-band analysis showed rearrangements of chromosomes 9, 19 and
22, and deletion of chromosome 13: (45,XX,der(9)t(9;22)(p13;?913),13,der(19)t(13;19)
(912;p13), der(22)t(9;22)(p13;q11.2)[3]/46,XX[7]). However, most of 13q was translocated
to the short arm chromosome 19, with overall karyotypic imbalance from loss of 13pter to
proximal 13q, and loss of most of the long arm of chromosome 22. Chromosomes 3 and 8,
often lost and gained, respectively, in adult uveal melanoma, were normal.
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The NFI gene was not studied. There was no chromosome 3 loss of heterozygosity by single
nucleotide polymorphism analysis. Gene expression profiling revealed a low-risk Class 1
gene expression signature (figure 2). This was confirmed using weighted voting (not shown),
a rigorous predictive algorithm, which had a zero error rate in a known set of tumours.
DISCUSSION

There are several case series of uveal melanoma in children and adolescents (<20 years of
age),13412 and individual reports documenting cases presenting under the age of 15
years.213-18 However only three of these publications reported cases presenting in children
under the age of 5 years,1218 similar to our case.

Distinct histological, karyotypic and clinical features of uveal melanoma are used to predict
prognosis. Poor prognosis was suggested for our patient with a very rare paediatric uveal
melanoma, since it was large in size and displayed a predominantly epithelioid histology.
Adults with uveal melanoma with a diameter between 11-15 mm have a 40% 10-year
mortality.19 Poore survival is suggested by pure epithelioid histology compared with
tumours with partially epithelioid or completely spindlecell histology.1® Prognosis is better
in the absence of tumour vascularity, invasion, necrosis and mitoses.1® Our patient’s
predominantly epithelioid tumour showed no pleomorphism, low proliferation, and no
evidence of necrosis, vasculogenic mimicry, nor infiltration of the sclera or optic nerve.

Recurrent chromosomal abnormalities identified in uveal melanoma include monosomy 3,
trisomy 8 or 8q, loss of a sex chromosome and loss of 6g.29 Our patient with paediatric
uveal melanoma displayed a novel tumour karyotype, compared with previous reports. The
only other reported case of a large, low-mitotic and non-necrotic paediatric uveal melanoma
differed genomically and histologically from our patient, showing chromosome 8 gain by
fluorescent in situ hybridization and predominantly spindle cell morphology.2 The history of
melanoma in the cousin and grandparent of our patient may suggest the presence a familial
mutation in the A/FI gene, which has been correlated to a higher risk of skin and ocular
melanomas; 16 however this gene was not studied in our patient.

Although the clinical and histological features predicted a poor prognosis for our patient, the
karyotypic features did not support this (no chromosome 3 or 8 abnormalities). Monosomy 3
is predictive of poor prognosis, and is strongly correlated with epithelioid histology,2! yet
the presence of epithelioid histology is not predictive of monosomy 3,22 nor is the absence
of monosomy 3 indicative of low risk, particularly in the presence of poor prognosis
histology. To further define the prognosis, we looked at the tumour’s molecular features by
gene expression analysis. A Class 1 gene expression signature was observed in our patient,
which suggested a low metastatic potential, confirmed to date by her 6-year relapse-free
survival. Together with karyotypic analysis, gene expression profiling may prove to be a
very useful prognostic factor of the very rare paediatric uveal melanoma.
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Figure 1.
Radiology and histopathology (A) Axial CT orbits showed a dome-shaped hyperdense

lesion in the left eye with calcification along the anterolateral margin. (B) Axial MRI of the
head with gadolinium showed a T2 hypointense lesion measuring 11.6-mm width, 6.3-mm
height. (C) Ultrasound showed calcified mass 6.49 mm in height. H&E stain showed tumour
confined to globe (D) and predominantly epithelioid cell morphology (E) 40x (F) 60%
bleached (G) 60x unbleached. (H) Tumour stained with antibody to melanocytic marker,
Mart-1.
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Figure2.
Gene Expression Profiling Principal Component Analysis (PCA) of the uveal melanoma

against previously analysed and validated tumours. Spheres with asterisks=Class 1 gene
expression signature with favourable prognosis; Black spheres=Class 2 gene expression
signature with less favourable prognosis; Grey sphere=our patient’s uveal melanoma, which
co-localises with the favourable-prognosis tumours with Class 1 gene expression signature.
This figure is only reproduced in colour in the online version.
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