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ABSTRACT

Objective This study investigated the capacity

of genetic analysis of uveal melanoma samples to
identify high-risk patients and discusses its clinical
implications.

Methods Patients with posterior uveal melanoma were
prospectively enrolled. Tumour samples were derived
from enucleated globe, fine-needle aspirates or
endoresection. Chromosome 3 and 8 status was
determined by array comparative genomic hybridisation
(array-CGH). Patients were followed after treatment

to detect metastasis.

Results Four groups were classified by array-CGH.
Patients were divided into disomy 3 and normal
chromosome 8 (D3/8nl), disomy 3 and 8q gain (D3/8g),
monosomy 3 and normal chromosome 8 (M3/8nl) and
monosomy 3 and 8 or 8q gain (M3/8g). Median
follow-up was 28 months (range: 1-147 months). At the
end of the study, 128 patients (33.7%) had developed
metastasis and 96 patients had died. Univariate Cox
proportional hazard analysis showed that factors
associated with metastasis included basal tumour
diameter p=0.0007, tumour thickness p=0.01,
mixed/epithelioid cell type p=0.0009 and genomic data
p<0.0001. High-risk profile was more strongly associated
with metastasis than the other prognostic factors
p<0.001. Multivariate Cox modelling analysis showed
that the status of chromosomes 3 and 8 were the only
two variables that independently contributed to
prognosis: monosomy 3 alone p=0.001 and monosomy
3 and 8q gain p<0.0001.

Conclusions Array-CGH allowed identification of three
prognostic groups with low, intermediate and high risk
of developing metastasis. Array-CGH is a reliable and
inexpensive method for uveal melanoma prognosis. This
method is now currently used in France.

INTRODUCTION

Uveal melanoma is the most common ocular malig-
nancy in Caucasian adults. Even when localised,
this tumour metastasises in about 50% of cases,
mostly to the liver.! Progress in treatment of the
primary tumour has allowed better eye conservation
rates, but has had no impact on patient survival.” As
metastatic disease usually remains fatal regardless of
the modality of conventional treatment used, physi-
cians have recently considered systemic adjuvant
therapy trials for high-risk patients,” * but which
require accurate assessment of the patient’s progno-
sis. Many anatomical, histological and, more recently,

genomic prognostic features have been used to iden-
tify patients with a higher risk of recurrence: large
basal diameter, ciliary body involvement, extrascleral
extension, epithelioid cell histology, high mitotic
rate, chromosome imbalances (monosomy 3, 8q
gain) and class 2 gene expression profile (GEP).’~'°
High-risk patients require closer follow-up to allow
rapid initiation of local hepatic therapy that may
prolong survival.''='*

In our institution, we routinely perform tumour
analysis by genome-wide profiling associated with
pathology. This article investigates the respective
value of the various prognostic features assessed,
their capacity to identify high-risk patients and dis-
cusses the clinical implications of these results.

MATERIALS AND METHODS

This study was approved by our institutional ethics
committee. Written informed consent for the use
of tissues and data for research was signed by each
patient. The study complied with the principles of
the Declaration of Helsinki.

Patients

All patients were referred to our institution.
Clinical diagnosis of posterior uveal melanoma was
based on the presence of typical clinical findings,
thickness >2.5 mm, orange pigment, serous retinal
detachment, mushroom shape, extrascleral exten-
sion and growth. Demographic data were collected,
including patient age, gender and tumour thickness
measured by ultrasound biomicroscopy; basal
tumour diameter measured by both ultrasound and
transillumination of the globe or fundus photo-
graphs; tumour location; the presence of ciliary
body invasion evaluated by transillumination of the
globe or histologically when available; the presence
of clinical serous retinal detachment and the pres-
ence of extrascleral extension measured clinically
or by ultrasound when macroscopic or by histology.
Liver ultrasound was performed prior to treatment.
Each case was staged according to the collaborative
ocular melanoma study classification and the guide-
lines of the 7th edition of the American Joint
Committee on Cancer Staging TNM (Tumour
Node Metastasis) staging system.'® '® Local treat-
ment consisted of enucleation for large tumours
(basal diameter >16 mm and/or tumour thickness
>10 mm) and proton beam radiotherapy or iodine
125 brachytherapy for small-to-medium-sized
tumours. Tumour samples were obtained by
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enucleation or endoresection, or fine-needle aspiration (FNA) at
the time of clip/plaque positioning.’” FNA was proposed when
tumour thickness was >5 mm, and endoresection was indicated
for tumour diameter <16 mm and tumour thickness >8 mm.'”
Patients with a small choroidal melanoma <5 mm thick were
excluded from the study. Histological examination was not avail-
able when tumour sampling was performed by FNA. Patients
were reviewed every 6 months with complete eye examination,
ultrasound biomicroscopy and liver ultrasonography or MRI.
Suspicion of liver metastasis was confirmed by liver biopsy.

Genomic analysis

Tumour specimens were collected in Hanks’ balanced salt solu-
tion. Tumour fragments were snap frozen in liquid nitrogen,
then stored at —80°C. Tumour cellularity was checked to be
>60% on H&E-stained cryosections. FNAs were centrifuged
and then frozen. Comparative genomic hybridisation on micro-
arrays (array-CGH) was performed on two different platforms
according to when the test was performed. Home-made bacter-
ial artificial chromosome arrays, as described in Trolet et al®
were used until 2009. Subsequent analyses were performed on
NimbleGen 4x72K arrays (Roche NimbleGen, Madison,
Wisconsin, USA). Genomic DNA was extracted with phenol/
chloroform and Phase Lock Gel Light (Eppendorf, Hamburg,
Germany) procedure and analysed versus normal reference
DNA. For each sample, 700 ng of tumour DNA and reference
DNA were labelled and cohybridised to the NimbleGen arrays
according to the manufacturer’s protocol. Arrays were washed
and then scanned on a GenePix 4000B scanner using GenePix
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V6.0 Software (Molecular Devices, Sunnyvale, California, USA).
Raw data were normalised and processed using the NimbleScan
V2.5 Software (Roche NimbleGen). Data were then visualised
with SignalMap V.1.9 (Roche NimbleGen) before analysis.
Gains were defined as a log2ratio >0.58 and homozygous losses
as a log2ratio <—0.60.'%

On the basis of the work by Trolet et al® showing that
chromosome 3 and 8 status had the highest prognostic correl-
ation, only these two chromosomes were considered in this
study. Cases were interpreted by two of the authors (JC and
M]JR). Chromosome 3 was present either as two copies
(disomy) or as a single copy (monosomy). Cases with partial
loss of chromosome 3 were excluded. Chromosome 8 showed
three possible types of gain: gain of the entire chromosome,
gain of the entire long arm (8q) and gain of a distal part of the
long arm (distal 8q). Four genomic types were subsequently
defined taking into account the status of chromosomes 3 and 8:
tumours with disomy 3 and normal dosage of chromosome 8
(named as ‘D3/8nl’), monosomy 3 and normal dosage of
chromosome 8 (‘M3/8nl’), disomy 3 and any type of gain of
chromosome 8 (‘D3/8g’) and monosomy 3 with any type of
gain of chromosome 8 (‘M3/8g’). The different genomic profiles
are shown in figure 1.

Statistical analysis

Clinical, pathological and genomic data at diagnosis and
follow-up events (local and distant recurrences, second cancers,
death from uveal melanoma or from any other cause) were pro-
spectively collected. The French Death Registry was consulted
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D3/8nl, M3/8nl, D3/8nl and M3/8 g groups. In these array-CGH profiles, every point represents the mean level of the probes over 400 kilobases.
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for patients lost to follow-up. Metastases were proven by biopsy.
Patients with metastatic disease were treated by an oncologist at
our institution.

Statistical analysis was performed using R software V2.13
(http:/www.r-project.org/). The metastasis-free interval (MFI) was
defined as the interval between the date of diagnosis of primary
uveal melanoma and the date of distant metastasis. Survival distri-
butions were estimated by the Kaplan—-Meier method and com-
pared using the log-rank test. Differences were considered to be
significant when the log-rank p value was<0.05. In order to iden-
tify variables associated with MFI, a Co x regression analysis of
candidate prognostic factors was performed using a forward step-
wise selection procedure at the p=0.10 level of significance. The
added value of each variable to the Cox model was determined
using a likelihood ratio test. Genomic factors were coded by
three dummy variables, with the reference group corresponding
to D3/8nl, to calculate a HR for each group in comparison with
this reference group.

RESULTS

The study started in February 1996 and ended in May 2012. Of
the 361 patients with tumour samples prospectively included, 338
were included in the present analysis. Twenty-three patients lost to
follow-up 3 months after radiotherapy (three patients) or with an
insufficient sample for analysis (18 patients) were excluded.
Median follow-up was 28 months (range: 1-147 months).

Demographic data and tumour characteristics of the 338 patients
are summarised in table 1. Genomic analysis by array-CGH was
performed on 338 patients.

Patients were classified into the four prognostic groups defined
above on the basis of their genomic profile. Ninety-one patients
were classified in the D3/8nl group, 47 in the D3/8g group, 41 in
the M3/8nl group and 159 in the M3/8g group (table 2).

Variables identified by univariate analysis were genomic classi-
fication, histology, tumour diameter, tumour thickness and age.
Genomic classification was the only significant factor that inde-
pendently contributed to prognosis in multivariate analysis
(table 3).

The 2-year MFI was excellent with 100% patients free of
metastasis in the D3/8nl group. The D3/8g and M3/8nl groups
appeared to have an intermediate prognosis with a 2-year MFI
of 85.0% and 82.1%, respectively. Finally, patients in the M3/8g
group had a poor prognosis with a 2-year MFI of 37.1% (figure 2).

Compared with the D3/8nl group, the HR of developing a
metastasis was similar for patients with monosomy 3 alone
(HR=7.3; p=0.01) and for those with gain of chromosome 8
alone (HR=10.6; p=0.002). HR was 42.6 for patients with
monosomy 3 and gain of chromosome 8 (p<0.0001). In con-
trast, the HR for metastasis was 1.4 when basal tumour diam-
eter was greater than 15 mm (p=0.07) (table 3).

Three genomic prognostic groups were able to be identified on
the basis of these data: a low-risk group corresponding to patients
in the D3/8nl genomic group, an intermediate-risk group corre-
sponding to patients with a tumour presenting either monosomy
3 (M3/8nl) or gain of chromosome 8 (D3/8g) and a high-risk
group corresponding to patients in the M3/8g group.

Two (0.6%) of the 338 patients developed metastases in the
low-risk genomic group, 16 (4.7%) of the 338 patients devel-
oped metastases in the intermediate-risk group and 100 (29.6%)
of the 338 patients developed metastases in the high-risk group.

These two patients had extrascleral extension at diagnosis.
The first patient was enucleated for a tumour with a basal diam-
eter of 15.8 mm, tumour thickness of 12.6 mm, retinal detach-
ment and ciliary body invasion. Histological examination

Table 1 Demographic and baseline disease characteristics of the
patients
Age (years) n=338 Median: 59
Range: 17-92
Gender Women: 136
Men: 202
Tumour diameter (mm) Median: 15.7
Range: 7-25
Tumour thickness (mm) Median: 10.4
Range: 2.7-17
Retinal detachment Present: 228
Absent: 110
Ciliary body involvement Present: 106
Absent: 232
Extrascleral extension (macroscopic or microscopic) Present: 25
Absent: 313
TNM classification (7th TNM)
T 2/338 0.6%
T2 30/338 9.4%
T3 155/338 48%
T4 134/338 42%

Enucleation: 219
Endoresection: 49
FNA: 70

Yes: 138

No: 65
Indeterminate: 3

Samples n=338

Histology: mixed or epithelioid cytology n=206

FNA, fine-needle aspiration; TNM, tumour node metastasis.

demonstrated a mixed cell type uveal melanoma with 2 mm
thick extrascleral extension. The second patient was also enu-
cleated for a large tumour with a basal diameter of 19 mm,
tumour thickness of 12.4 mm, retinal detachment and ciliary
body invasion. Histological examination demonstrated
spindle cell melanoma associated with 5 mm thick extra-
scleral extension.

DISCUSSION

As in most centres, the prognosis of uveal melanoma in our
institution is classically defined according to clinical, histological
and genomic criteria. The present study shows that genomic
characteristics are the main prognostic factor ahead of clinical
and histological features. Three prognostic groups can be very
simply defined on the basis of the presence of monosomy 3 and
chromosome 8 gain (either whole chromosome 8 gain, 8q gain
or distal 8q gain). The 2-year MFI was 100% for patients with
a tumour presenting no imbalances of chromosomes 3 or 8,
about 82.1-85.0% for tumours presenting an imbalance of one
of these two chromosomes (either one of the two classes of
imbalances) and 37.1% for tumours with monosomy 3 and any
type of gain of chromosome 8.

As most tumours in this series were stage T3/T4, our cohort
is probably biased and does not reflect the usual population of
uveal melanoma patients. However, large uveal melanomas are
at higher risk of developing metastasis than small tumours.
Furthermore, these large tumours require more accurate classifi-
cation than uveal melanomas in general, based on clinical or
histological findings. However, the study of the genomic profiles
of small tumours needs to be improved, which could be facili-
tated by improvement of our FNA techniques in order to
include tumours less than 5§ mm thick. To achieve reliable
results, array-CGH analysis requires a minimum of 500 ng of
tumour DNA, but FNAs from small tumours were sometimes
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Table 2 Univariate analysis of risk factors for metastasis

Prognostic factors N=338 Metastatic events Two-year survival rate + SD HR p Value
Age at uveal melanoma diagnosis
<60 years 177 52 71.9+4 1 0.02
>60 years 161 66 56.8+4.5 1.50 (1.05-2.17)
Gender
Men 202 64 66.5+3.8 1 0.168 NS
Women 136 54 61.8+ 4.8 1. 26 (0.88-1.08)
Ocular tumour diameter
<15 mm 134 32 78.3+4.2 1 0.0007
>15 mm (md=17) 187 78 56.3+4.2 2.0 (1.33-3.0)
Ocular tumour thickness
<10 mm 159 42 72.5+4 1 0.01
>10 mm (md=1) 178 76 57.4+4 1.6 (1.1-2.3)
Ocular tumour location
Anterior to equator 19 7 45.0+14 1 0.411
On equator 234 85 63.7+3.6 1.2 (0.38-18) NS
Posterior to equator (md=4) 81 24 73.0+ 6 1.6 (0.26-1.44)
Retinal detachment
No 94 31 66.6+6 1 0.343
Yes (md=16) 228 77 65.4+3 1.22 (0.80-1.8) NS
Histological type
Spindle 78 22 76.0+5.3 1 0.0009
Epithelioid—mixed (md=91) 169 78 54.7+4.4 2.2 (1.3-3.5)
Genomic data
D3/8nl 91 2 1000 1 <0.0001
D3/8g 47 8 85.0+6 8.1 (01.7-38.2)
M3/8nl 41 8 82.1+6 9.3 (01.9-44.2)
M3/8g 159 100 37.1+4 46.6 (11.4-189.4)

Metastasis rate was estimated by the Kaplan—Meier method and the HR was determined by the Cox model (md, missing data).

associated with small quantities of DNA. Until new, more sensi-
tive technologies become available, array-CGH after FNA in
small tumours will continue to be associated with a significant
number of technical failures.

Array-CGH assesses only chromosome copy number repre-
senting some method limits. A small proportion of disomy 3 are
isodysomic, in which one copy of chromosome 3 is lost while
the other one is duplicated, leading to a loss of heterozygos-
ity."” 2° Single nucleotide polymorphism array gives the allelic
status of chromosomes and their copy number. However, this
array is expensive and was used as control in selected cases.

Array-CGH is now a simple genomic technology used in
other tumour types, but requires a genetics laboratory with
appropriate equipment, such as a array-CGH scanner and a
rigorous sample circuit. Although arrays and reagents are now
relatively inexpensive, these installations require a significant
initial financial investment.

Table 3 HR for metastasis according to genomic group.

HR 95% Cl p Value
Genomic groups
D3/8nl 1 (1.5 to 34.6) 0.01
D3/8g 73 (2.4 t0 50.0) 0.002
M3/8nl 10.6 (10.4 to 174.3) <0.0001
M3/8g 426

HR was estimated by Cox model.

Other teams have tried to establish prognostic groups accord-
ing to DNA and RNA alterations in uveal melanoma. Some
studies have assessed the value of chromosome 3 status by fluor-
escence in situ hybridisation (FISH).'® Damato et al, based on a
study of 356 patients, showed that monosomy 3 evaluated by
FISH was strongly associated with metastatic deaths.”®
However, they described 12 patients without monosomy 3
determined by FISH who died from metastases. These cases
may have been wrongly classified as low risk because of failure
of the FISH method or because chromosome 8 imbalances were
not investigated. This team is now using multiplex ligation-
dependent probe amplification (MLPA) assays to characterise
frequent genomic imbalances in uveal melanoma in chromo-
somes 1p, 3, 6 and 8. They have recently published a large
series of 452 patients showing an increased mortality when loss
of chromosome 3 is associated with gain of 8q versus loss of
chromosome 3 alone.” MLPA is an interesting technology
because of its high sensitivity (interpretable results with less
DNA), reproducibility of the results and its low cost. However,
MLPA is limited by its partial view of genomic imbalances, as
MLPA is less sensitive as it only explores a few genomic posi-
tions and may therefore fail to distinguish between partial and
total alteration of an entire arm or chromosome. This study also
reported discordant results to those obtained in our study. In
this series, patients with tumours presenting 8q gain without
chromosome 3 monosomy were at very low risk of metastatic
recurrence. Further studies with new technologies are required
to elucidate these discrepancies.

Another way to estimate the risk of recurrence is to study
GEPs, as described by Onken et al in their prospective
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validation.'® Their array explores the expression of 12 genes,
five of which (EIF1B, FXR1, LMCD1, ROBO1, SATB1) are situ-
ated on chromosome 3. Down-expression of these genes, pos-
sibly due to monosomy 3, is associated with poor prognosis.
This array separates uveal melanoma into two subsets either low
metastatic risk, called ‘class 1> tumours (1% of metastatic recur-
rence) or high metastatic risk, called ‘class 2’ tumours (26% of
metastasis).'® These authors considered that loss of chromo-
some 3 was insufficient to efficiently discriminate high-risk
patients from low-risk patients. However, they compared GEP
with chromosome 3 FISH rather than a more global analysis
evaluating chromosome 8 imbalances such as that provided by
MLPA or array-CGH.*! Although the GEP classification is the
first method to meet the National Comprehensive Cancer
Network ‘1A’ level of evidence for a biomarker in uveal melan-
oma and the first method to be validated in a prospective series,
this method, nevertheless, remains expensive and inaccessible
for many countries. Our classification system is efficient and less
expensive than the GEP classification. Our classification also
introduces an intermediate-risk group so that our low-risk
group really has a very low risk of metastasis and our high-risk
group really has a very high risk of metastasis. Recent updates
show that Decision-Dx, the GEP provider, has introduced a
third, intermediate-risk group. To our knowledge, no inter-
national publication has accompanied this announcement.
Knowledge of the GEP and functional analysis of the genes
involved in the metastatic process remains essential to under-
stand carcinogenesis and to develop targeted therapies, but
these procedures may be reserved for research programmes.*> 3

Local treatment of uveal melanoma has now been clearly
defined,>*¢ but little progress has been made in terms of sur-
vival.>” The next challenge is to increase overall survival of
patients with localised disease. To achieve this objective, trials
of adjuvant therapy must be conducted in high-risk patients. For
example, a recent randomised trial, initiated in 2009, is compar-
ing adjuvant fotemustine versus close follow-up only in high-
risk patients as defined on clinical and genomic criteria
(ie, diameter >15 mm with retinal detachment or diameter

>18 mm or monosomy 3 with or without gain of 8q; EudraCT
No.: 2008-005691-27).

In future, the prognosis of patients with uveal melanoma will
probably use new genomic technologies such as next-generation
sequencing not only to refine prognosis by looking for add-
itional mutations in BAP1, GNAQ, GNA11,%® SF3B1% or loss
of heterozygosity in the primary tumour but also to follow cir-
culating tumour DNA.3? 3!

CONCLUSION

Array-CGH is a robust and affordable method for uveal melan-
oma prognostic assessment. This method is currently used in
France.
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