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Figure 2 Kaplan-Meier survival curves as a function of largest tumour diameter (LTD).
0=LTD <7 mm; 1=LTD 7-10 mm; 2=LTD 10-15 mm; 3=LTD >15 mm. Time
(months) after enucleation.

which were compared with the log rank test.
Where appropriate a trend version of this test
was performed.

Results

Seventy two patients were male and 74 were
female. The mean age was 61-6 years. A total
of 146 tumour samples were analysed.
Fourteen cases were excluded, because of a
high CV - three of whom had received pre-
enucleation irradiation (Table 1); in 12 of
these follow up was known (Table 2). On the
remaining 132 cases possible correlations
between the various parameters were analysed.
Influence of histological cell type, LTD,
tumour prominence, tumour localisation,
scleral invasion, and TNM classification on
survival was studied in 97 patients with
adequate follow up (Table 2), whereas the
influence of DNA-ploidy on survival was
studied in 85 patients with adequate follow up
(Table 2). The total mean follow up was 62
months. DNA-ploidy, and LTD were signifi-
cant in predicting metastatic potential
(p=<0-03, and 0-01 respectively) (Figs 1 and 2);
histological cell type and tumour location were
of borderline significance (p=<0-05).

Thirty seven per cent of the samples were
aneuploid, including 17% of the tumours
which were tetraploid; 63% were diploid
(Table 3). A strong association (p<0-0009)

Table 3 Cross tabulation DNA-ploidy and clinicopathological features

Aneuploid Diploid Total No
Histological type
Epithelioid 15 (60%) 10 (40%) 25 (100%)
(31%) (12%) 9%,
Mixed 24 (42%) 33 (58%) 57 (100%)
(50%) (39%) (43%)
Spindle 9 (18%) 41 (82%) 50 (100%)
(19%) 49%, 8%
Total 48 (37%) 84 (63%) 132 (100%)
(100%) (100%) (100%)
Pre-enucleated irradiation
No irradiation 29 (30%) 68 (70%) 97 (100%)
(60%) (81%) (73%)
2X4 Gy irradiated 19 (54%) 16 (46%) 35 (100%)
(40%) (19%) 7%,
Total 48 (37%) 84 (63%) 132 (100%)
(100%) (100%) (100%)
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was found between DNA-ploidy and cell type
(Table 3). This association remained signifi-
cant after correction for LTD (p<0-009) and
TNM classification (p<0-008) by stratifica-
tion. No correlation was found between DNA-
ploidy and LTD, tumour height, scleral
invasion, tumour location, and TNM classifi-
cation.

A significant association was found between
aneuploidy and pre-enucleation irradiation
(p=<0-01) (Table 3).

Normal eye tissue was diploid, as assessed
on paraffin blocks of seven eyes without abnor-
malities. Of 12 patients two tumour samples
were analysed: in 11 of these (92%) only one
DNA peak was found. The five fresh tumours
were all aneuploid, including one tumour of
the epithelioid cell type.

Discussion
There is increasing evidence for a variety of
neoplasms that DNA aneuploidy may correlate
with poor prognosis.!® In primary cutaneous
melanomas DNA aneuploidy had been shown
to correlate with tumour thickness, incidence
of recurrence, and survival.> Studies in uveal
melanoma demonstrated that an elevated
DNA index (>1-4) is strongly correlated with
higher tumour related mortality.® We found
aneuploidy in 37% of the cases, which is con-
sistent with the findings of Meecham and
Char.8 The striking variation in incidence of
aneuploidy in earlier studies can partly be
explained by the relatively small number of
cases studied!? 1! and the use of fresh tissue.!?
Another explanation may be the differences in
the applied techniques, like assessing DNA
content on older archival paraffin embedded
specimens. In older material increased back-
ground noise from fragmented nuclei and
cellular debris is important, and as sample age
increases, such problems for DNA content
seem to increase.!® Up to a period of 10 years
the age of the block does not appear to in-
fluence the CV,20 because comparison of
DNA-ploidy of fresh tissue samples with for-
malin fixed paraffin embedded specimens in
solid tumours showed a concordance of
87%.2! None the less, in the latter study near
diploid aneuploid peaks observed in histo-
grams from fresh tissues were sometimes
not apparent in histograms from paraffin
embedded tissues, because of the higher CV
for the latter samples. Another problem in
paraffin embedded specimens is that, if both
diploid and near diploid aneuploid peaks are
present, it is difficult to determine which peak
is diploid. To obviate this particular problem
in 66 cases we measured a mixture of nuclei
from a paraffin block of normal tissue and
tumour tissue from the same specimen as
recommended by Schutte ez al.22

A further explanation for the variable per-
centage of aneuploid cases reported is tumour
heterogeneity. In a small tumour sample an
aneuploid subpopulation of cells might remain
undetected. However, in the cases in which we
could study two blocks, 92% were concordant.
We found the predictive value of aneuploidy for
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survival to be significant (p=<0-03), contrasting
with a study on older formalin fixed paraffin
embedded specimens.® Our findings indicate
that specimens can be used for flow cytometry
at least up to 10 years after preparation.

Although simplification of the original
Callender classification has improved histo-
logical correlation with malignancy, inter-
observer error can be large.? Subsequently, a
more quantitative system was developed to
estimate subjectively the percentage of epithe-
lioid cells in each tumour,24 however still rely-
ing on subjective judgment. Therefore,
methods have been developed to measure
more objective features. One of these methods
is determining DNA-ploidy. We have demon-
strated that archival paraffin embedded
material can be used for flow cytometry
analysis to predict clinical outcome. We found
that aneuploidy in uveal melanomas strongly
correlates with epithelioid cell type; none the
less, aneuploidy appears to have a better pre-
dictive value for prognosis than subjective
histopathological classification. In our study
we found that cell type and tumour location
were of borderline significance in predicting
clinical outcome. This is in contrast with
earlier reports on prognostic factors in uveal
melanoma,?®> but in agreement with recent
findings of Folberg ez al.26

Interestingly, we found irradiated mela-
nomas to be significantly more often aneuploid
than non-irradiated melanomas. Radiation
induces mitotic delay and both numerical and
structural chromosome aberrations.?” It is con-
ceivable that during cell cycle progression
alterations of chromatin condensation and
DNA fluorochrome labelling lead to DNA
damage which, in flow cytometry, may give
rise to the appearance of pseudo-aneuploid
cell populations.?!# Numerical chromosomal
aberrations may give rise to near diploid or
near tetraploid histograms. However, the
decline in radiation induced aberrations in the
initial 24 hours is rapid, presumably as a result
of DNA repair.?° In vitro studies on a K-1735
melanoma cell line exposed to 7 Gy x irradia-
tion revealed that increase in karyotype diver-
sity generated by radiation, when non-lethal,
may accelerate tumour progression.3® Un-
fortunately no paraffin tissue was left to study
the relation between DNA aneuploidy and
chromosomal aberrations in irradiated
melanomas.

We demonstrated a strong correlation
(p<0-009) between aneuploidy and epithelioid
cell type. Other studies indicated a similar cor-
relation, but were too small to draw statistical
conclusions.!®31 Aneuploidy may reflect a
genetically more unstable population with an
enhanced ability to metastasise.

The authors thank the Department of Pathology, University of
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melanomas.
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