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Abstract

Purpose To correlate vortex vein invasion

with established prognostic factors for uveal

melanoma.

Methods Enucleated eyes with a confirmed

histopathological diagnosis of uveal

melanoma with vortex vein invasion were

identified, over a 10-year period. Established

uveal melanoma prognostic factors, with

tumour genetics were correlated with

vortex vein invasion and patient survival.

Results Microscopic vortex vein involvement

was present in 29 of 244 (11.9%) uveal

melanomas. Of 29, 6 (20.7%) tumours had

macroscopic evidence of vortex vein invasion.

Of 29, 14 (48.3%) tumours also showed

evidence of non-vortex vein, ‘direct’ scleral

invasion. 23 (79.3%) of 29 melanomas involved

only the choroid. The mean maximum

diameter of tumours with vortex vein invasion

was 15.8mm and the mean thickness was

9.7mm. The uveal melanoma was a discrete

nodule in 27 of 29 (93.1%) cases. Histologically,

8 of 29 tumours (27.6%) were spindle cell, 19 of

29 (65.5%) were mixed cell, and 2 of 29 (6.9%)

were epithelioid cell type. Of 29, 22 (75.9%)

uveal melanomas with vortex vein invasion

contained extracellular matrix networks and

loops. Genetic abnormalities correlated with

poor prognosis were seen in 25 of 29 (86.2%)

tumours with vortex vein invasion. Liver

metastasis was confirmed in 19 of 29 (65.5%)

patients with vortex vein invasion. No patients

with uveal melanomas showing vortex vein

invasion suffered orbital recurrence of disease

following enucleation.

Conclusions The trends show that vortex

vein invasion is associated with a choroidal

location, large tumour size, spindle cell bias,

presence of extracellular matrix loops/

networks and genetic markers. A higher

proportion of patients with vortex vein

invasion progress to develop liver metastasis

compared with the general uveal melanoma

population.
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Introduction

Uveal melanoma is the commonest primary

malignant intra-ocular tumour of adulthood.1

It classically metastasizes to liver through the

bloodstream. A proportion of patients will

develop liver metastases, on average 10 years

after diagnosis and treatment of the primary

neoplasm.2 Once there is clinical evidence of

metastasis, survival time is poor and averages

between 5 and 9 months.3–5

Transcleral spread in uveal melanoma is

associated with a poorer prognosis when

compared with tumours confined to the eye.6

Extra-ocular spread can occur via a number

of mechanisms. Invasion of the lumen of

the vortex veins by tumour is one route by

which tumour can gain access to extra-ocular

compartment and the bloodstream. However,

the risk factors associated with vortex vein

invasion have not been well characterized

to date.

Several prognostic factors have been

identified and studied in uveal melanomas.

Clinical prognostic factors include tumour

location7 and tumour size.8 Prognostic factors

identified at histology include cell type,9 the

presence of extracellular matrix loops and

networks,10,11 and nucleolar size.12,13 In

addition, cytogenetic prognostic factors have

also been studied, with monosomy 314,15 and

amplification of 8q15 associated with poorer

survival.
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Vortex vein invasion in cases of uveal melanoma can

be identified at histological examination of enucleated

eyes. However, the question of whether vortex vein

invasion is associated with other poor prognostic

indicators is not well answered at present. Hence in this

study we have identified all cases of uveal melanomas

with evidence of histological vortex vein invasion at our

regional ocular oncology centre over a 10-year period,

and investigated any correlation with other recognized

prognostic factors.

Materials and methods

Since 1987, all patients seen at the ocular oncology unit at

the Royal Hallamshire Hospital in Sheffield have been

routinely entered into a secure database. We searched the

database for all patients who had a confirmed

histological diagnosis of uveal melanoma at enucleation

over a 10-year period, from 1996 to 2006. All samples

were obtained with informed patient consent. All

applicable institutional and governmental regulations

concerning the ethical use of human volunteers were

followed during this research. The study was conducted

with ethical approval, SSREC 94/247 and STH 13738.

A retrospective descriptive study of case notes and

histopathological findings of all patients with histological

vortex vein invasion was conducted. Parameters for

investigation included demographical data (including

age, sex), laterality, location of tumour, size, growth

pattern, cell type, and the presence of extracellular matrix

networks or loops. We recorded how many of the cases

showed macroscopic vortex vein invasion at the

pathology ‘cut-up’ bench and also examined

microscopically the degree of vortex vein invasion (intra-

scleral and extra-scleral), along with how many cases

showed microscopic evidence of non-vortex vein, ‘direct’

scleral invasion. Our observations were compared with

the findings of the COMS report no. 6,16 the largest

prospective series of uveal melanoma patients reported

in the literature. Status with regard to liver metastasis

and length of survival were ascertained using the

departmental database, where this information is stored.

All samples included in this study were processed

according to departmental protocols. Samples at

enucleation were collected and fixed in 10% neutral

buffered formalin for processing by the histopathology

department. A macroscopic description of the eye was

performed. The vortex veins were identified, assessed for

the macroscopic presence of tumour, dissected off the

main globe specimen by cutting along the lumen at the

point of exit from the scleral canal and processed in a

separate tissue cassette. Vortex veins were embedded

longitudinally and ‘levels cut’ for microscopic

assessment. In cases where the vortex veins had been cut

flush with the sclera by the surgeon, the intra-scleral

portion of the vein was removed by gently de-roofing the

sclera, over the vein. The tissue was processed on a tissue

processor using a standard overnight schedule. The

tissue was passed through a series of graded alcohols,

then through three changes of xylene and finally

impregnated with paraffin wax, under vacuum. Once

processed the tissue was embedded using standard

techniques. Paraffin wax sections were cut using a rotary

microtome and stained with haematoxylin and eosin. A

periodic acid Schiff (PAS) stain was performed to identify

the presence of extracellular networks and loops. All

sections were reviewed by a single histopathologist.

Fluorescence in situ hybridization (FISH) for changes

in the numbers of chromosomes 3 and 8: Archival

analysis was performed on stored frozen chromosome

preparations from short-term culture and tissue pieces.

Prospective analysis was performed on newly prepared

chromosome preparations, from both cultured and direct

samples, made using well-established standard

techniques.17 Chromosomes 3 and 8 a-satellite probes

(labelled red and green, respectively) were used and

supplied by Vysis. FISH analysis was performed

according to standard protocols recommended by the

manufacturers.17 For each case the numbers of signal per

cell for chromosomes 3 and 8 were counted, and a total of

300 cells scored. Less signals for chromosome 3 in

relation to chromosome 8 were considered to represent

genetic imbalance (GI), a term encompassing various

combinations of either loss or retention of chromosome 3,

in relation to no change or gains of 8q.17

This study is descriptive in nature. The number of

cases studies was judged to be small for a formal

statistical assessment. All measurements such as tumour

size were handled as continuous variables.

Histopathological features were treated as categorical

data. Differences in frequency of histopathological

features were compared with the COMS16 study data

using the w2-statistic.

Results

Classification of vortex vein invasion

To be included in this study, uveal melanomas had to at

least show evidence of microscopic intra-scleral vortex

vein invasion (Figure 1a). Intra-scleral invasion was

mostly identified in sections of whole eyeballs where the

section passed through the intra-scleral course of the

vortex veins. In our sample of 244 enucleated eyes that

had a histological diagnosis of uveal melanoma, 29 eyes

showed evidence of microscopic intra-scleral vortex vein

invasion. Of these, 19 of 29 (65.5%) uveal melanomas

were seen to have microscopic extra-scleral vortex vein
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involvement, whereas 10 of 29 (34.5%) did not. In some

cases, the same vein that showed intra-scleral invasion,

contained melanoma within the extra-scleral portion; in

other cases, different veins showed intra-scleral invasion

to those displaying extra-scleral invasion (not

quantified).

Only 6 of 29 uveal melanomas (20.7%) were seen to

have macroscopic evidence of vortex vein invasion at the

pathology ‘cut-up’ bench (Figure 1b), whereas 23 of 29

(79.3%) had no macroscopic evidence of vortex vein

invasion.

Direct invasion

Of the uveal melanomas that showed vortex vein

invasion, 14 of 29 (48.3%) showed evidence of direct

invasion (through scleral collagen, perineural or non-

vortex vein perivascular invasion) whereas 15 of 29

(51.7%) did not.

Demographics

Analysis of demographic data of the vortex vein study

group of patients revealed the mean age of patients to be

66.6 years (range 50–83 years), compared to the mean age

in the COMS study of 60.1 years. A total of 15 (51.7%) of

patients were male, and 14 (48.3%) were female. All

patients were white Caucasian. The right eye was

affected in 18 of 29 patients (62.1%) and the left eye in 11

of 29 (37.9%).

Tumour characteristics

Site

In our group of patients with vortex vein invasion, 23 of

29 (79.3%) of melanomas involved the choroid, 2 of 29

(6.9%) involved the ciliary body, and 4 of 29 (13.8%)

involved both choroid and ciliary body (Figure 2a).

Although the COMS study does not state the location of

tumours that were found to have vortex vein invasion, it

reports that 34.5% of these tumours partially involved the

ciliary body. Comparing this figure to our data suggests

that a choroidal location is overrepresented in cases of

vortex vein invasion. Almost all uveal melanomas with

vortex vein invasion had a peripheral location (Figure 2b).

Size

The mean maximum diameter of tumours with vortex

vein invasion was 15.7 mm (range 10.3–20.8 mm) and

the mean thickness was 9.7 mm (range 2.9–15.0 mm)

(Figure 2c). Uveal melanomas have been classified as

small (height o3 mm, largest basal diameter o10 mm),

medium (height 3–8 mm, largest basal diameter

o15 mm), or large (height 8 mm, largest basal diameter

415 mm).8 According to this classification, the mean

maximum diameter and mean thickness of uveal

melanomas with vortex vein invasion corresponds to

a large tumour size.

Growth pattern

The uveal melanoma took the shape of a discrete nodule

in 27 of 29 (93.1%) of cases with vortex vein invasion

(Figure 2d).

Histopathological factors

Cell type

Of the uveal melanomas with vortex vein invasion, 19 of

29 (65.5%) were mixed cell (Figure 3a). However, 8 of 29

(27.6%) tumours were spindle cell (the term spindle

encompassing ‘spindle A’ and ‘spindle B’ melanoma

cells). Cell type was investigated in the COMS no. 6

study, which reports that 9% of medium and large uveal

melanomas were spindle cell. Our results suggest that a

Figure 1 (a) Photograph of microscopic slide showing micro-
scopic intra-scleral vortex vein invasion. Black arrows indicate
walls of the vortex vein; green arrow is uveal melanoma in
lumen of vein. (b) Colour photograph showing extra-scleral
vortex vein invasion.
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spindle melanoma cell type is overrepresented in vortex

vein invasion, when compared with the ‘general’ tumour

population described in the COMS study (w2¼ 12.03,

2 d.f., Po0.05). The COMS study also states that 33.3%

of medium tumours and 25.0% of large tumours of

spindle cell type had vortex vein invasion, supporting

our observation that spindle cell type is overrepresented

in cases of vortex vein invasion.

Presence of extracellular matrix loops and networks

Our results reveal that 22 of 29 (75.9%) uveal melanomas

with vortex vein invasion showed extracellular matrix

loops and networks (Figure 3b). Datum for 1 of 29 uveal

melanoma was not available.

Genetic imbalance by FISH

Uveal melanomas were classified to possess GI if they

showed less signals for chromosome 3 centromere

compared to those of chromosome 8 using (FISH).17

FISH data were available for 28 of 29 (96.6%) of uveal

melanomas with vortex vein invasion. Of these,

25 of 29 (86.2%) showed GI.

Liver metastasis and survival

The mean follow-up interval for patients was

32.7 months (range 9–108 months).

In our group of patients with vortex vein invasion,

19 of 29 (65.5%) had radiologically confirmed liver

metastasis. Of 29, 8 (27.6%) patients did not develop

liver metastasis at the last known follow-up. The status

Figure 3 Histopathological factors and vortex vein invasion in
uveal melanomas (a) Pie chart comparing cell types in uveal
melanomas with vortex vein invasion. (b) Pie chart showing
presence of extracellular matrix loops and networks in uveal
melanomas with vortex vein invasion.

Figure 2 Tumour characteristics of uveal melanomas showing vortex vein invasion. (a) Pie chart showing site of uveal melanomas
with vortex vein invasion. (b) Pie chart demonstrating location of uveal melanomas with vortex vein invasion. (c) Scatter chart
demonstrating maximum diameter and thickness of uveal melanomas with vortex vein invasion. (d) Pie chart showing the pattern of
growth of uveal melanomas with vortex vein invasion.
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of 2 of 29 (6.9%) of patients with regard to the presence

of liver metastasis was unknown.

In patients with vortex vein invasion, 20 of 29 (69.0%)

patients died, whereas 9 of 29 (31%) were alive at last

known follow-up. Of the patients with vortex vein

invasion who died, the cause of death was liver

metastasis in 18 of 20 (90%) patients, with a mean

survival of 31.9 months (range 9–108 months) from

enucleation. In 2 of 20 (10%) of patients who died we

were not able to confirm a cause of death. However, all 20

of the patients who died during the course of this study

had GI according to FISH analysis, so it is probable that

the 2 patients with an unknown cause of death also died

from liver metastasis. One patient with confirmed liver

metastasis is alive to date (survival length 27 months).

Orbital recurrence of uveal melanoma

There are no patients with uveal melanomas showing

vortex vein invasion who have been found to show orbital

recurrence of uveal melanoma following enucleation.

Discussion

This study has examined clinical, demographic,

histopathological, and genetic factors in patients with

vortex vein invasion in uveal melanoma, to establish

whether vortex vein invasion correlates with identified

prognostic factors in uveal melanoma. Our trends show

that vortex vein invasion correlates with established

indicators of poor prognosis. The exception is the

overrepresentation of spindle cell type in uveal

melanomas with vortex vein invasion.

Risk factors for vortex vein invasion

This study implicates the site of the uveal melanoma as a

risk factor for vortex vein invasion. Our results suggest

that a choroidal location is overrepresented in cases of

vortex vein invasion when compared with the results of

the COMS report no.6,16 which provides data on a large

series of uveal melanomas. Classically, ciliary body

melanomas have been associated with a poorer outlook,6

but ciliary body tumours are less commonly seen in our

patients with vortex vein invasion. The reason for this is

that ciliary body tumours are further from the vortex

veins, and so vortex vein invasion is not as likely from an

anatomical viewpoint. Only 2 of 29 uveal melanomas

with vortex vein invasion had a posterior pole location.

This suggests a peripheral location is a risk factor for

vortex vein invasion, which also corresponds to the

anatomical location of the vortex veins.

As one would expect, a greater maximum diameter

and thickness of tumour at the time of diagnosis correlate

with a poorer outcome.8 Uveal melanomas are often

classified as small, medium, or large.8 The mean

maximum diameter and thickness of tumours in our

patients with vortex vein invasion corresponds to a

‘large’ tumour size. This suggests that size of tumour is a

risk factor for vortex vein invasion, although it is

acknowledged that large tumours can metastasize

independent of vortex vein involvement.8

The association of vortex vein invasion with tumour

cell type in our study yields conflicting results, as a

spindle cell type is overrepresented. This also appears to

be the case in the subset of patients with vortex vein

invasion in the COMS report no. 6.16 However, spindle

cell type is associated with a better outcome when

compared with mixed or epithelioid tumours.9 This

association may be due to our small sample size. To

address the issue of whether there is a subset of spindle-

rich melanomas with aggressive behaviour is beyond the

scope of this descriptive study.

The presence of extracellular matrix loops and

networks in uveal melanomas is associated with a poorer

outcome.10,11 Our data suggest the presence of

extracellular matrix loops and networks is a risk factor

for vortex vein invasion, as 22 of 29 (75.9%) of cases of

vortex vein invasion contained extracellular matrix loops

and networks.

GI is another risk factor for vortex vein invasion, seen

in 25 of 29 patients in this study.

This study did not address whether uveal melanomas

with vortex vein invasion also showed retinal invasion.

In our centre, the ocular oncologists routinely perform a

sampling sclerotomy, straight after the enucleation,

remove retina over the tumour, and sample the tumour

for cytogenetics. As the retina overlying the tumour is

compromised, it was not possible for us to accurately

assess retinal invasion.

Vortex vein invasion and survival

All patients included in this study had a minimum of

microscopic intra-scleral vortex vein invasion. However,

only 6 of 29 (20.7%) of patients had macroscopic vortex

vein invasion. Patients who showed only microscopic

intra-scleral vortex vein invasion did not have a better

outcome, as 9 of 10 patients died during the follow-up

period, 7 from confirmed liver metastasis. The cause of

death in the remaining 2 patients was not confirmed, but

given that both these patients had GI by FISH testing,

liver metastasis is a strong possibility. This underlines the

importance of microscopic assessment of vortex veins for

invasion by tumour, and indicates that a macroscopic

examination of the vortex veins at the pathology ‘cut-up’

bench is insufficient. Our results also suggest vortex

vein invasion occurs independently of ‘direct’ non-vortex
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vein scleral invasion (peri-vascular, peri-neural, or by

the scleral collagen), as illustrated by the fact that

approximately half of our patients with vortex vein

invasion had no evidence of direct extra-ocular invasion.

The data suggest that patients with vortex vein

invasion appear to have a worse prognosis, with 69.0% of

patients developing liver metastasis, at the most recent

follow-up. Although it is acknowledged that ‘large’

tumours have a higher metastatic rate,8 independent of

vortex vein invasion, the question that must be asked

is why ‘large’ tumours have a higher metastatic rate.

This observation is not peculiar to uveal melanoma;

generally, the larger the malignant tumour (of whatever

histogenesis) the higher the metastatic rate. Large

tumours encroach upon vascular beds and invade these

vascular channels leading to metastasis. Therefore the

probability of seeing tumour in vortex veins draining

a ‘large’ tumour is not surprising. This may or may not

be independent of other tumour characteristics, such

as cytology or the presence of extracellular matrix

loops or networks.

The average survival of patients with liver metastasis

was 31.9 months. There were 8 patients with vortex

vein invasion that did not develop liver metastasis at the

time of last follow-up. However, it is difficult to give

accurate data regarding the survival of these patients

because the follow-up data available was short and the

sample size small. Given that we receive referrals to the

ocular oncology unit from across the UK, patients

sometimes elect to have local follow-up once they have

received surgical treatment. In this situation, we are

reliant on the local hospital responding to our inquiries

regarding patient outcome. It is likely that some of these

patients have gone on to develop liver metastasis but that

we were not informed. However, at least one patient in

the no metastasis group has survived a period of 106

months, but this is the only patient known to have

reached the 5-year survival period in this group. Given

the observed trend of vortex vein invasion with liver

metastasis and GI, it is possible that invasion of

the vortex veins is an important route through which

uveal melanoma accesses the bloodstream with

haematogenous spread and subsequent liver metastasis.

Impact of the study on the handling of enucleations for

melanoma

The ophthalmic pathology practice in Sheffield has been

to sample all vortex veins at the pathology ‘cut-up’

bench. This has involved sampling obvious lengths of

extra-ocular portions of vortex veins and intra-scleral

portions of veins (in cases where the veins have been cut

flush with the sclera during the enucleation). The veins

are assessed with the naked eye for the presence or

absence of tumour. Our practice has been to embed the

vortex veins longitudinally and to cut several levels

through them to look for microscopic involvement by

melanoma. This study has shown that there are cases

where the vortex vein shows no macroscopic evidence

of tumour, yet show microscopic evidence of tumour in

the vein lumen. As this study suggests a correlation

between vortex vein invasion and other well-established

prognostic factors, vortex veins will be continued to

be sampled and examined in this way.

Vortex vein invasion is associated with a poor outcome

in patients with uveal melanoma. Invasion of vortex

veins correlates with other poor prognostic factors.
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