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Abstract
Background/aims—ParaYn embedded
samples have provided an important
source of material for retrospective
cytofluorimetric studies, useful in estab-
lishing the predictive value of DNA con-
tent measurements. The aim of this study
was to investigate the incidence and type
of aneuploidy in choroidal malignant
melanomas (CMM) and the significance
in the clinical outcome (median follow up
55 months).
Methods—DNA content was quantified by
flow cytometry in 61 CMM from archival
material. Non-tumour ocular tissue was
used as the reference diploid standard.
Cases in which the coeYcient of variation
(CV) of the diploid peak was >8% were
excluded. The CMM were classified as
spindle A, spindle B, mixed spindle and
epithelioid, epithelioid, and necrotic.
Results—The frequency of the aneuploid
DNA pattern was 38%. Necrotic tumours
showed a worse clinical outcome inde-
pendent of the ploidy pattern. Spindle A
tumours were found to be diploid. Spindle
B and mixed tumours showed a prevalent
diploid and near diploid aneuploid pat-
tern (DI <1.3), yet aneuploidy was not
correlated with a worse prognosis. The
epithelioid tumours were prevalently
diploid. However, 83% of the aneuploid
tumours were hypodiploid (DI <0.95), and
showed the worst prognosis.
Conclusion—These results indicate that
increasing DNA abnormalities in CMM,
especially in the epithelioid histotype,
were associated with an increasing mor-
tality.
(Br J Ophthalmol 1998;82:1433–1437)

Choroidal malignant melanoma (CMM) is the
most common primary intraocular malignancy
in adults. The estimated 15 year survival rate
after detection of the tumour is 53%.1 Cal-
lender classification of cell types,2 as simplified
by the Armed Forces Institute of Pathology
(AFIP),3 4 remains one of the most reliable
prognosticators in CMM. Unfortunately, it

lacks reproducibility, primarily because there is
no objective cut oV point that could be used to
categorise tumours within the mixed cell
class.5 6 Moreover, it does not diVerentiate
between the various tumours within the diVer-
ent classes.5

In search of more objective prognostic
factors, a number of adjunctive factors have
been found, including largest tumour
dimension,7 nuclear and nucleolar areas,6 8 9

necrosis,4 neovascularisation,10 11 mitotic activ-
ity, and proliferation index12 13 (for review see
Mooy and De Jong14).

Ploidy status of uveal melanomas has been
investigated by flow cytometry (FCM) and
image analysis (IA) both in fresh and paraYn
embedded material. Controversial results con-
cerning the incidence of aneuploidy and the
correlation between ploidy status and progno-
sis have been reported.5 13 15–18 However, there
is increasing evidence that in uveal melanomas,
as well as in a variety of neoplasms, an elevated
DNA index (>1.4) is strongly correlated with
higher tumour related mortality.16 19

We have retrospectively studied a group of
patients with choroidal melanomas who were
treated with enucleation more than 5 years ago
and for whom complete follow up data were
available. The purpose of this study was to
investigate the incidence, type of aneuploidy,
and eVect of DNA ploidy in clinical outcome.

Materials and methods
In order to correlate ploidy status with progno-
sis, a retrospective analysis of 117 cases of for-
malin fixed (split bulb in 4% buVered formalin
for 48 hours) paraYn embedded uveal malig-
nant melanoma, selected from the archives of
the Institute of Pathology, University of Siena,
was performed. The following criteria were
used: (a) uveal melanomas had to be located in
the choroid, (b) enucleation had to be
performed without previous therapy, (c) ad-
equate paraYn embedded material had to be
available in each case. Cases were rejected if
insuYcient tissue was available, or if the tissue
had been processed before 1982. Follow up
data (minimum 5 years) were obtained by con-
tacting the registry oYce, the general prac-
titioner, and/or the patients’ relatives. These
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data were reviewed in order to determine if the
death was tumour related or a result of other
causes. Seventy seven patients met these crite-
ria and thus were included in the study.

Haematoxylin and eosin stained sections
were prepared for each block and analysed for
their histological type. For the purpose of this
study, the Callender classification2 was modi-
fied as follows: spindle A, spindle B, epithe-
lioid, mixed cell (predominantly spindle with
few epithelioid cells),5 and necrotic. The area
in the block containing the tumour was then
marked (tumour enriched area). The tumour
enriched and non-tumour areas were isolated
by perpendicular and horizontal cutting of the

block. They were placed in separate vials and
sent to the FCM laboratory. All FCM analyses
were performed without previous knowledge of
tumour characteristics. Tissues from five non-
neoplastic eyes were also processed and evalu-
ated.

Nuclei were isolated according to the
method of Hedley and coworkers,20 though
some modifications were made in the process.
Neoplastic fragments were placed in glass
tubes and dewaxed overnight in 10 ml of
xylene at room temperature. The fragments
were then rehydrated in a sequential series of
ethanol solutions: 100%, 95%, 70%, and 50%,
taking 50 minutes for each step. The fragments
were left in distilled water overnight. The fully
rehydrated tissue was then minced with
surgical scissors, incubated in 2 ml 0.5% pep-
sin (Sigma P 6887; Sigma, St Louis, MO,
USA) in saline solution at pH 1.5 for 60 min-
utes. The preparations were placed in a 37°C
water bath for 60 minutes with frequent
vortexing. The enzymatic reaction was control-
led under phase contrast microscopy and
stopped with the addition of 2 ml of ice cold
PBS buVer. After washing, the pellet was
resuspended in 2 ml of PBS and filtered
through 50 µm mesh to remove aggregates.
The nuclei were simultaneously counted in a
haemocytometer, adjusted to 1 × 106/ml and
stained with 500 µl of Lysis/DNA solution
(propidium iodide, Sigma, 50 µg/ml; RNase,
Sigma R-4875, 0.2 mg/ml; Nonidet P40,
Sigma, 0.5%; EDTA, Sigma, 0.5 mM in PBS
calcium and magnesium free, at pH 7.2).

The presence of tumour cells in the material
used was immediately verified after disaggrega-
tion by examination of a May–Grunwald
Giemsa stained cytospin. A cytologist per-
formed the cytospin reading. In each case,
10 000 nuclei were measured. FCM was
performed on a FACStar plus flow cytometer
(Becton Dickinson, San Jose, CA, USA) using
a 488 nm argon laser (100 mW). The flow
cytometer was connected to a Hewlett Packard
300 microcomputer (Hewlett Packard, Fort
Collins, CO, USA) using FACStar plus soft-
ware for instrument control and data acquisi-
tion. To obtain a reference diploid standard,
the ocular non-tumour tissue treated as
described above was added. The analysis of the
histograms generated by FCM was carried out
by means of the Modfit DNA modelling
system (Verity Software House, Topsham, ME,
USA). The mathematical model was based on
the Marquardt non-linear least squares
algorithms.21 In particular, G0/G1 and G2M
phases were fitted by Gaussians and SPF with
a trapezoid. Debris filtering was performed
using debris subtraction routines based on a
multicut for the beginning and end of the
debris components. The software was imple-
mented on a Compaq 386/20e (Compaq
Computer Corporation, Houston, TX, USA).

In accordance with current literature,19 22

tumours were classified as diploid
(0.95<DI<1.05) or aneuploid (DI<0.95;
DI>1.05). The degree of DNA content abnor-
malities was given according to the DNA index
(DI). For practical purposes, tumours with a

Table 1 Summary of DNA ploidy quantification of 61 choroidal melanomas according to
Callender cell types and survival

Cell type

Total Diploids Aneuploids Living Dead

No % No % No % No % No %

Spindle A 1 2 1 100 0 0 1 100 0 0
Spindle B 35 57 23 66 12 34 26 74 9 26
Epithelioid 14 23 8 57 6 43 7 50 7 50
Mixed 8 13 5 62 3 38 5 62 3 38
Necrotic 3 5 1 33 2 67 0 0 3 100
Total 61 100 38 62 23 38 39 64 22 36

Table 2 DNA indexes (DI) in aneuploid tumours by cell types

Cell type

DI

1.05–1.3 >1.3 <0.95

No of patients % No of patients %
No of
patients %

Spindle 5 42 6 50 1 8
Epithelioid 0 0 1 17 5 83
Mixed 1 34 2 66 0 0
Necrotic 0 0 2 100 0 0

Table 3 Tumour related deaths and ploidy status

Ploidy status

No of
patients
(living) %

No of patients
(dead) %

Diploid 29 77 9 23
Aneuploid 10 45 13 55

DI 1.05–1.3 6 100 0 0
DI >1.3 4 45 7 55
DI <0.95 0 0 6 100

Figure 1 Histogram of spindle B choroidal malignant melanoma (CMM) showing a near
diploid aneuploid peak. DI indicates the DNA index.
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DI >1.05 were considered hyperdiploid; tu-
mours with a DI between 1.05 and 1.3 were
classified as near diploid aneuploid; and
tumours with a DI <0.95 were considered
hypodiploid. However, no direct measure-
ments of changes in the number and composi-
tion of individual chromosomes were made.
Samples with a coeYcient of variation of the
diploid peak of more than 8% were excluded.
Acceptable DNA histograms were obtained in
61 cases.

The results were statistically analysed by the
two tail Fisher’s exact test. Values of p <0.05
were considered significant.

Results
Sixty one tumours were included in the study;
27 patients were male and 34 female. Their
ages ranged between 32 and 73 years (mean of
59 years). The coeYcient of variation of
sample histograms ranged between 4 and 7.60
(mean 5.1).

In an overall analysis (Table 1), 35 of the 61
analysed tumours were spindle B (57%), 14
were epithelioid (23%), eight were mixed
(13%), three were necrotic (5%), and one was
spindle A (2%). Of these tumours, 38 were
shown to be diploid (62%) and 23 were aneu-
ploid (38%). Normal cell tissue, studied in
paraYn blocks of five non-neoplastic eyes, was
diploid. Among the aneuploid tumours, there
were 12 spindle B, three mixed, six epithelioid,
and two necrotic tumours. A near diploid
DNA pattern was found in one mixed and five
spindle B tumours. An aneuploid hypodiploid
DNA pattern was found in one spindle B and
five epithelioid tumours (Table 2). The DIs
ranged from 0.77 to 0.89 (mean 0.84). All the
remaining tumours showed a hyperdiploid
DNA profile. No correlation between ploidy
pattern and cell type was found (p=0.74). Fur-
thermore, 22 of the 61 patients survived
(36%). The patients who died were 25% with
spindle B, 38% with mixed, 50% with epithe-
lioid, and all three patients with necrotic
tumours (p=0.176; NS). Necrotic and epithe-
lioid tumours considered together showed a
significantly worse prognosis than spindle and
mixed cell tumours (p=0.036).

Ploidy status appeared correlated with sur-
vival (p=0.038; Table 3). Moreover, patients
with diploid and near diploid tumours had a
higher survival rate than those with aneuploid
tumours (p<0.005). However, only in epithe-
lioid and necrotic tumours was an aneuploid
pattern significantly correlated with a worse
prognosis (p<0.005). Patterns of DNA aneu-
ploid histograms obtained in this study are
shown in Figures 1–3.

Discussion
Since recent technologies now allow for the
study of DNA ploidy pattern in paraYn
embedded tissue,20 retrospective studies of
DNA profile of intraocular melanomas have
been performed.

In this study, we investigated ploidy pattern
in 61 choroidal melanomas. The frequency of
aneuploid tumours was 38%, which is consist-
ent with more recent findings.5 13 16 Mooy et al13

Figure 2 Histogram of spindle B choroidal malignant melanoma (CMM) showing a
hyperdiploid peak. DI indicates the DNA index.

Figure 3 Histogram of epithelioid choroidal malignant melanoma (CMM) showing a
hypodiploid peak (A). Diploid peak increased while hypodiploid peak proportionally
decreased after the reference diploid standard (non-tumour ocular tissue) was added (B).
DI indicates the DNA index.
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found an increased aneuploidy in the preirradi-
ated tumours, and a strong correlation between
ploidy status and cell types, as well as between
ploidy status and metastatic outcome.

We found a DNA diploid pattern in the
spindle A tumour and in most of the spindle B,
mixed cell, and epithelioid tumours. Thus, we
cannot confirm the correlation between aneu-
ploidy and epithelioid cell type.13 Spindle B,
mixed cell, and necrotic aneuploid tumours
were prevalently hyperdiploid. Moreover, in
most of the spindle B tumours, the DI was in
the near diploid range as also found by
Meecham and Char.16 Surprisingly, 30% of the
aneuploid tumours and 83% of the epithelioid
aneuploid tumours were hypodiploid.

Aneuploidy correlated with poor prognosis
in the series of Meecham and Char16 and of
Mooy et al,13 but not in those of McMillan et
al 15 and Coleman et al.5 We found correlation
between aneuploidy and poor prognosis only in
the epitheliod hypodiploid tumours. A hy-
podiploid DNA pattern has been said to be
associated with a poorer prognosis than other
aneuploid types in breast cancer.23 24 Mono-
somy of chromosome 3 has been reported in
uveal melanoma with a poor prognosis.25 The
high incidence of diploid and near diploid (low
degree aneuploidy) pattern for many aneuploid
spindle B tumours may explain why the spindle
tumours usually show a more favourable prog-
nosis. In some types of tumours the prognosis
for near diploid tumours does not diVer from
that of a DNA diploid tumour.19

The percentage of hypodiploid tumours
observed in our series of CMM can be consid-
ered unusual. Only in one previous study on
ear melanoma was such a high percentage
reported.26 The lack of a known DNA diploid
reference population in nuclei from paraYn
embedded tissues renders the identification of
the nuclei populations with a DI from 0.8 to
0.95 a truly diYcult problem.19

The general acceptance of the first peak as a
normal diploid G0/G1 may have led to the
misinterpretation of the second peak as a
hyperdiploid or near diploid tumour G0/G1
peak, disregarding the hypodiploid
population.19 This may explain why hypodip-
loid tumours are rarely reported. In the present
study, we always added normal tissue obtained
from the same block to augment the diploid
population after analysing the tumour enriched
tissue. Given the variations in degree of
fixation within a single paraYn embedded
tissue, it is not possible to completely separate
the non-tumour diploid cells from the aneu-
ploid tumour cells with this procedure. How-
ever, a normal tissue component representing
the normal counterpart of neoplastic cells is
presently considered the best DNA content
standard.13 27 28 Moreover, as shown in the
figures, the relative proportions of each diploid
and aneuploid population in our cases dra-
matically changed after the normal tissue was
added.

Technical problems in DNA content assess-
ment of paraYn embedded specimens become
more likely as the sample age increases.19 The
increase in the background noise from broken

nuclei and cellular debris may cause wider CV.
Thus, the interpretation of overlapping peaks
may be more diYcult. As such, we processed
material no more than 15 years old and
rejected cases in which the CV of the diploid
peak was >8%. Furthermore, a routine debris
filtering and subtraction were implemented in
the software. Such methods probably allowed
us to better interpret the cell cycle.

In conclusion, the percentage of aneuploid
tumours in our series was consistent with the
more recent literature. However, we found an
unusually high percentage of tumours with a
hypodiploid DNA pattern, especially in epithe-
lioid tumours. This pattern was strongly corre-
lated with the worst prognosis. To our
knowledge, this study is the first to show such a
peculiar result in CMM.
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