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Abstract

Objectives To evaluate the significance of

the largest tumour diameter (LTD) of posterior

uveal melanomas (ie, involving choroid),

correlating this feature with histological and

cytogenetic predictors and mortality.

Methods Patients with posterior uveal

melanoma were included. LTD was measured

by echography and correlated with histologi-

cal and cytogenetic findings and metastatic

death.

Results The cohort comprised 1776 patients

with a median age of 60 years, a median

tumour diameter of 14.0mm, and a median

tumour height of 7.5mm. The LTD was greater

in older patients (t-test, Po0.001). The

presence of epithelioid cells, closed loops,

high mitotic rate, chromosome 3 deletion, and

chromosome 8 gains all correlated significantly

with LTD (t-test, Po0.001). The 1521 British

patients had a median follow-up of 4.9 years,

with a disease-specific mortality of 28.9%.

Metastatic death correlated with LTD

(Cox multivariate analysis, Po0.001). Tumours

with the same LTD showed significant

variation in survival, according to the presence

of epithelioid cells (Log rank, Po0.001), closed

loops (Log rank, P¼ 0.002), high mitotic rate

(Log rank, P¼ 0.003), and chromosome 3 loss

(Log rank, P¼ 0.008).

Conclusions The value of LTD as a predic-

tor of survival after treatment of posterior

uveal melanoma is enhanced by taking

histological and cytogenetic factors into

account.
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Uveal melanomas can cause a blind, painful

eye, and death from metastasis. Ocular

treatment is aimed primarily at preventing

or arresting metastatic spread of tumour,

preferably conserving the eye with as much

useful vision as possible.1 Such treatment

includes various forms of radiotherapy,

local resection, and phototherapy. In specialist

centres, ocular conservation is attempted in

approximately 65% of patients and is successful

in almost 90% of these.2

Several factors predict metastatic death. Clini-

cal features include the following: largest basal

tumour diameter (LTD), tumour height, ciliary

body involvement, and extraocular spread.3–5

Older age and gender are unimportant.

Histological factors include the presence of

epithelioid cells; extravascular matrix patterns,

such as closed loops; and high mitotic rate.6

Genomic factors include partial or total

chromosome 3 deletions, and chromosome 8

gains.7–9

Largest tumour diameter is currently the most

widely used predictor of metastatic disease.4,10–14

This factor also correlates with extraocular

spread and hence chances of orbital recurre-

nce.5,15 After conservative therapy, LTD is asso-

ciated with increased risk of local tumour recur-

rence, exudative retinal detachment, neovas-

cular glaucoma, and other ocular complications.2

The significance of LTD of uveal melanomas

requires reappraisal in the light of insights

gained from genetic studies.16 There is

uncertainty as to whether these tumours

become more life-threatening with increasing

LTD. Furthermore, there are various

explanations for the correlation between LTD

and metastatic death. These considerations

profoundly influence patient care.
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The aims of this study were to reappraise the

significance of LTD by correlating this with histological

and cytogenetic features, and with survival.

Materials and methods

Patients eligibility

Patients were included in this study if (1) treated for

posterior uveal melanoma (ie, tumours involving

choroid, including those spreading posteriorly from

ciliary body); and if (2) histological data were available.

They were excluded if (1) both eyes had melanoma; (2)

the patient received primary treatment elsewhere; or (4)

histological cell type was not known. In follow-up

analyses, patients were excluded if not resident in

mainland Britain.

Clinical management

Full ophthalmological examination was performed. LTD

and tumour thickness were measured by B-scan

echography (I3, Innovative Imaging Inc., Sacramento,

CA, USA). The echography was performed by the first

author (BD) immediately after indirect ophthalmoscopy,

thereby making it easier to define tapering tumour

margins. In some patients, tumour biopsy was

performed, either to establish the diagnosis or for

prognostication.17

Before ocular treatment, systemic clinical examination

and biochemical liver function tests were performed

routinely, but liver ultrasonography was undertaken

only if there was an increased risk of metastatic disease

(ie, LTD 416mm).

Our first choice of treatment was radiotherapy,

delivered with a 106-ruthenium plaque or proton beam.

Trans-scleral or trans-retinal resection was performed

only if the tumour was considered unsuitable for

radiotherapy, because of large size or unfavourable

location (eg, large bulk increasing risk of exudative

retinal detachment and neovascular glaucoma after

proton beam radiotherapy; medial location risking

canalicular damage and intractable epiphora after proton

beam radiotherapy; or extension to within 1.5mm of

optic disc margin, predisposing to optic neuropathy).

Enucleation was performed if the patient was not

motivated to undergo conservational therapy or if

conservational therapy was considered unlikely to

succeed. Trans-pupillary thermotherapy was rarely

administered as a primary treatment, usually reserved

for exudation after radiotherapy.

Histopathological examination

The diagnosis of melanoma was routinely confirmed

immunohistochemically using the Melan A, HMB-45,

and pancytokeratin stains.18 Melanoma cytomorphology

was assessed with haematoxylin and eosin staining and

categorized according to the modified Callender

system.19 Extravascular matrix patterns were assessed

using the PAS reagent, without counterstaining. The

mitotic rate was measured by counting the number of

mitoses in forty high power fields.

Microsatellite analysis

Our techniques for microsatellite analysis (MSA) have

been described previously.20 Briefly, fresh tumour

specimens and venous blood samples were collected at

the time of surgery. Matched DNA sample pairs from

blood and tumour were analysed using the polymerase

chain reaction (PCR). The chromosomal order,

cytogenetic assignment, and map positions of these

microsatellites were obtained by integrating published

data from The Genome Database and Ensembl database

(www.gdb.org and www.ensembl.org). Allelic imbalance

(AI) was scored by comparing the allelic ratios of the

normal and tumour specimens, either visually or, if this

was not possible, by image analysis. The AI ratio was

calculated by dividing the tumour ratio by the normal

ratio, with values 41.4 or o0.6 signifying AI.20

Cytogenetic studies

Fluorescence in situ hybridisation (FISH) studies of

interphase and metaphase cells were performed on touch

preparations and short-term cultures, respectively. FISH

was performed in the standard manner, as described

previously.8 We used the following probes: centromere

enumeration probe (CEP) 3, CEP 8, and locus specific

indicator C-myc (ie, on the long arm of chromosome 8)

(Vysis Inc., Downers Grove, IL, USA).

MLPA technique

DNA extraction, DNA quality assessment and

quantification, and MLPA were performed as previously

reported.21 Briefly, genomic DNA was isolated from

frozen tumour specimens, and checked for quantity and

quality using Nanodrop and multiplex PCR, respectively.

Chromosomal imbalances in the tumour samples were

identified using the SALSA MLPA kit P027 (MRC-

Holland, Amsterdam, The Netherlands), which consisted

of 31 probes for loci on chromosomes 1p, 3, 6 and 8, as

well as 12 control probes on chromosomes 5, 7, 12, 14, 18,

and 21. The MLPA reaction was performed in a G-Storm
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GS1 Thermal Cycler (Genetic Research Instrumentation

Limited, Braintree, Essex, UK). Samples were separated

by electrophoresis and analysed by GeneMapper

software (Applied Biosystems Ltd, Warrington, Cheshire,

UK) in the Molecular Genetics Department of the

Liverpool Women’s Hospital. Raw data obtained after

sequencing were analysed using an Excel spreadsheet-

based approach, designed by the National Genetics

Reference Laboratory, Manchester, UK. The dosage

quotients (DQ) were calculated by dividing the test

sample matrix by the control mean matrix. The DQ was

categorized as follows: low (o0.65); equivocally low

(0.65–0.84); normal (0.85–1.14); equivocally high (1.15–

1.34); and high (41.34).

Statistical analyses

Clinical, pathological, and cytogenetic data were

computerised into a customised database prospectively.

Tumours were categorised as involving ciliary body if

they extended anterior to ora serrata, and were recorded

as having epithelioid cells irrespective of the proportion

of such cells. Mitotic counts were excluded in patients

having enucleation after radiotherapy, because of the

effect of this treatment on cell division. Extraocular

extension was recorded as being present irrespective of

whether this was noted clinically or histopathologically.

We notified the NHS Cancer Registry of all newly

diagnosed patients with uveal melanoma. These were

then flagged at the Registry, using their NHS number.

The Registry informed us automatically and within 2

months of the date and cause of any deaths. If we did not

receive such information by the close of the study, we

assumed that the patient was alive.

Death from metastatic disease was coded as caused by

uveal melanoma unless another primary malignancy was

specified as the cause in the death certificate. Follow-up

time was estimated from the time of treatment to the date

of death or to the 29 December 2008, when the data were

downloaded.

Data analysis were carried out using a statistical

program (SPSS, SPSS Inc., Chicago, IL, USA).

Correlations between categorical baseline risk factors and

LTD, which was normal, were analysed using the t-test.

Predictive factors were correlated with melanoma

mortality using the Cox proportional hazards model.

Multivariate analysis was performed as a forward

stepwise procedure. The Kaplan–Meier method was

used to compute metastatic mortality and groups were

compared using the log-rank test. A P-value of less than

0.05 was considered to be statistically significant. All

statistical tests were two-sided.

This study was conducted in accordance with the

Declaration of Helsinki and Good Clinical Practice

Guidelines. Consent for the use of tissues and data for

research was obtained from all patients. Ethical

committee approval was not required.

Results

The patients comprised 969 (54.6%) males and 807

(45.4%) females with a median age of 60 years (range,

17–97). The tumours had a median LTD of 14.0mm

(range, 4.0–28.0) and a median height of 7.5mm (range,

0.9–20.0). The LTD showed a normal distribution. The

LTD tended to be greater in older patients, with a median

of 13.6mm in patients less than 60-years old and a

median of 14.5mm in older patients. (t-test, Po0.001).

The tumour was located in the right eye in 874 (49.2%)

patients and the left eye in 902 (50.8%) patients, with 685

(38.6%) involving ciliary body and 48 (2.7%) extending

extraocularly. The primary tumour treatment consisted of

enucleation in 973 (54.8%) patients, brachytherapy in 92

(5.2%) patients, proton beam radiotherapy in 107 (6.0%)

patients, trans-scleral local resection in 528 (29.7%)

patients, and endoresection in 76 (4.3%) patients. The

cohort included 64 patients treated by secondary

enucleation after radiotherapy. Histology showed

epithelioid cells in 1084 (61.0%) tumours, closed loops in

530 (29.8%) tumours, and a high mitotic rate in 470

(27.5%) tumours. Genetic data were available on 800

patients and were based primarily on MSA in 98 patients,

FISH in 605 patients, and MLPA in 97 patients, with some

patients having more than one test. Chromosome 3

deletions and chromosome 8 gains were found in 358

(45.4%) and 345 (44.4%) of tumours that were tested for

these abnormalities, respectively. The presence of

epithelioid cells, closed loops, high mitotic rate,

chromosome 3 deletion, and chromosome 8 gains all

correlated significantly with LTD (t-test, Po0.001).

A total of 1521 patients resided in mainland Britain

and they had a median follow-up of 4.9 years (range,

0–36.2). By the close of the study, 643 (42.3%) of these

patients had died, the reported cause of death being

metastatic disease in 439 (28.9%). In 145 patients with

monosomy 3 who had died, the certified cause of death

was metastatic disease in 90.3% (95% confidence interval

(CI) 85.5–95.2).

With Cox multivariate analysis, metastatic death

correlated significantly with largest basal tumour

diameter (Po0.001), chromosome 3 loss (Po0.001),

closed connective tissue loops (Po0.001), high mitotic

rate (Po0.001), and epithelioid cells (P¼ 0.009). There

was no significant correlation with sex (P¼ 0.763), ciliary

body involvement (P¼ 0.104), tumour height (P¼ 0.264),

extraocular spread (P¼ 0.112), or type of treatment

(P¼ 0.419).
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Table 1 lists the prevalences of (a) epithelioid cells; (b)

closed loops; (c) high mitotic rate; (d) chromosome 3 loss;

(e) chromosome 8 gain; and (f) combined chromosome

3–chromosome 8 abnormalities, for each category of LTD.

These risk factors were more prevalent in larger tumours

but were nevertheless common in small tumours

(Figure 1). For example, chromosome 3 losses were

present in 33.3% (95% CI 17.9–48.8) of 39 tumours with

LTD o10mm; 30.5% (95% CI 23.0–37.9) with LTD of 10–

12mm; 39.1% (95% CI 32.7–45.5) with LTD of 13–15mm;

53.3% (95% CI 47.0–59.7) with LTD of 16–18mm; and

61.9% (95% CI 53.6–70.3) with LTD 418mm (Figure 2d).

Survival according to LTD

Figure 2 shows the Kaplan–Meier survival curves of

disease-specific mortality. The 20-year melanoma-specific

mortality rates were 25.2% (95% CI 10.8–39.7) in patients

with an LTD o10mm; 34.4% (95% CI 27.0–41.8) with

LTD of 10–12mm; 41.4% (95% CI 35.2–47.7) with LTD of

13–15mm; 68.0% (95% 56.3–79.7) with LTD of 16–18mm;

and 65.4% (95% CI 56.1–74.7) with LTD 418mm.

Survival according to histological and cytogenetic

features

Figure 3 shows the Kaplan–Meier survival curves of

metastasis-related mortality in patients with an LTD

diameter of 15mm, according to the presence of (a)

epithelioid cells; (b) closed loops; (c) high mitotic rate;

and (d) chromosome 3 loss. All these features correlated

significantly with mortality (Figure 3).

Discussion

We found that (1) histological and cytogenetic predictors

of metastatic death were more prevalent in tumours with

greater LTD; (2) many small tumours showed risk factors

for metastasis; (3) for each category of LTD, the

prevalence of chromosome 3 loss was similar to the

20-year, metastatic mortality; (4) LTD inversely correlated

with survival time; and (5) in patients with the same

LTD, survival varied greatly according to histological

and cytogenetic factors.

To our knowledge, there have not been any recent

investigations into the pathological significance of LTD.

Kujala et al4 reported long-term outcomes according to

LTD without correlating this with histological and

cytogenetic factors. The main strengths of our study are

the (1) large patient numbers; (2) long follow-up; and (3)

genetic tumour typing. The main weakness was the lack

of histopathological confirmation of cause of death in all

patients, a problem common to most published studies of

this type. This did not prevent statistical correlationsT
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between survival and LTD. Possible inter-observer

variation in assessing melanoma cell type did not

prevent statistical correlation with survival.

Chromosomal abnormality was investigated using a

variety of methods; however, as these were selected

according to the year of treatment it is unlikely that any

significant bias occurred. Most genetic typing was

performed with FISH, which does not detect all lethal

chromosome 3 deletions, so that the prevalence of such

genetic abnormality was underestimated (perhaps by as

much as 10%). Some might question our dependence on

the NHS Cancer Registry for survival data but our

collaboration with this department for over a decade has

provided us with consistent evidence of its reliability.

There is much evidence that uveal melanomas with

chromosome 3 deletion are highly lethal, with patients

being spared from metastatic disease only if they die of

another illness before their metastases can be detected.7,21

Our study showed that around 90% of deaths in patients

with known chromosome 3 status had monosomy 3.

Conversely, uveal melanomas without chromosome 3

loss seem to be non-lethal, with so-called ‘fatal disomy 3

melanomas’ proving to have missed chromosome 3

deletions when re-examined using more sensitive

techniques.21 If metastatic death occurs exclusively in

patients with a monosomy3 melanoma and in all patients

with this tumour type, then the prognostic significance of

LTD needs to be reappraised. In the absence of any

information regarding chromosome 3 status, LTD and

other gross physical tumour features indicate in a

relatively crude manner: (1) the likelihood of the

melanoma proving fatal; and (2) the median survival

time should the tumour be lethal.3 If the tumour is of the

disomy 3 type, then LTD is largely irrelevant as a

Figure 1 Prevalence of tumours with (a) epithelioid cells, (b) closed loops, (c) high mitotic rate, and (d) chromosomes 3 and 8
abnormalities, according to largest tumour diameter. (The chromosome 8 status of one patient was not known).

Figure 2 Kaplan–Meier survival curves showing disease-
specific mortality according to largest tumour diameter.
(No follow-up data for 12 patients).
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prognostic factor, except that together with histological

findings it may suggest that the genetic tumour typing is

incorrect. For example, a large, high-grade melanoma

with epithelioid cells, closed loops, and high mitotic rate

is likely to be of the monosomy 3 type, so that a normal

result with FISH is probably mistaken. If the tumour is

known to have chromosome 3 loss, then LTD gives an

indication of the patient’s life expectancy, the precision of

this estimation being enhanced by the consideration of

histological grade of malignancy. In summary, the

prognostic significance of LTD is greatly enhanced if the

tumour’s chromosome 3 status and histological grade of

malignancy are known.

The high prevalence of chromosome 3 loss in small

tumours has been reported elsewhere.22 This finding

suggests that many small choroidal melanomas have

metastatic potential. Randomised, prospective studies

are needed to determine whether delaying treatment in

such cases is harmful, but these investigations will

require many patients, long follow-up, and genetic

tumour typing. Conversely, more than 30% of choroidal

melanomas with an LTD exceeding 18mm did not show

chromosome 3 loss, suggesting that these had little or no

metastatic potential. Such non-lethal melanomas

undermine investigations on the influence of ocular or

systemic treatment on survival. The Collaborative Ocular

Melanoma Study (COMS), which performed

comparisons of enucleation vs plaque radiotherapy or

enucleation with earlier radiotherapy, estimated its study

sample sizes assuming that all melanomas had metastatic

potential.10,23 As this was not the case, the COMS patient

numbers were insufficient to detect any significant

differences.24 Studies on adjuvant systemic

chemotherapy in high-risk patients have similar flaws.25

Figure 3 shows the importance of considering

histological and cytogenetic predictors when estimating

survival probability: the mortality of patients with an

LTD of 15mm varied greatly according to whether

histological and cytogenetic risk factors were found. We

have developed neural networks predicting survival

according to all these factors, also taking age and sex into

account.26

The survival time inversely correlated with LTD. With

large tumours, metastatic death occurred more quickly.

This was because metastases were present for a longer

time (lead-time bias); and because of shorter doubling

times, suggested by higher mitotic rates in these

tumours. LTD correlated with shorter survival also in

patients reportedly dying of other causes (Log rank,

P¼ 0.01, data not shown). This is probably because (1)

older patients tended to have larger tumours; and (2)

some deaths from melanoma were wrongly attributed to

other causes. Other groups have discussed mistaken

cause of death.3 The neural networks we have developed

Figure 3 Kaplan–Meier survival curves showing disease-specific mortality after treatment of choroidal melanomas with an LTD of
15mm, according to the presence of (a) epithelioid cells, (b) closed loops, (c) high mitotic rate, and (d) chromosome 3 loss.
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avoid this problem by generating curves of all-cause

mortality both of patients with uveal melanoma and of

the general population matched for age and sex; by

subtracting one curve from the other it is possible to

estimate the risk of metastatic death.26

It is assumed by many (but not all authors27,28) that small

uveal melanomas are relatively non-lethal but

progressively de-differentiate with time and growth,

gradually becoming more aggressive until they eventually

metastasise. Zimmerman’s hypothesis that enucleation

causes fatal tumour dissemination implies a belief that

metastasis commences only after uveal melanomas grow

large.29 The COMS apparently supported the concept of

late metastasis, because its investigation on the influence of

pre-enucleation radiotherapy focused on large tumours

and because patients with a small melanoma were

observed, subsequently being reported as having a good 5-

year survival.23,30,31

An alternative explanation for the higher prevalence of

risk factors in larger tumours is that they grow faster. In

countries such as the United Kingdom, middle-aged and

elderly individuals tend to have an ocular examination

every year or two, but a significant proportion of

melanomas are missed at any single examination.32

When such failure occurs, then slow-growing, low-grade

melanomas will probably still be small if they are

detected 1 or 2 years later, whereas high-grade

melanomas will grow larger.

The conventional interpretation of Kaplan–Meier

survival curves after treatment of choroidal melanoma is

that survival is better with smaller tumours because of

earlier treatment. An alternative view is that survival is

better with smaller tumours because fewer small

tumours are fatal. Our data show that both the

prevalence of chromosome 3 loss and the disease-specific

mortality increased from around 25–33% when the LTD

was o10mm to approximately 62–65% when the LTD

exceeded 18mm. These survival curves are only

approximate because of competing risks and because of

misdiagnosed cause of death. Nevertheless, they are

consistent with the hypothesis that, irrespective of size,

all melanomas with chromosome 3 loss are eventually

fatal, unless the patient dies of an unrelated cause before

metastatic disease develops. These data provide further

evidence that ocular treatment rarely, if ever, prevents the

onset of metastatic spread, because such dissemination

commences years before the uveal melanoma is detected

and treated.28 It is not known whether or not ocular

treatment prolongs life once metastatic spread has

commenced, by arresting tumour dissemination and

reducing the metastatic burden. To address this question

one would need randomised, prospective studies on

immediate vs delayed treatment, taking LTD and genetic

tumour type into account. Statistical correlations between

LTD and metastasis have led to the general impression

that large uveal melanomas are more life threatening (ie,

lethal). In contrast, the prevalence data in this study

suggest an alternative scenario, which is that more large

tumours are lethal. In other words, our data lend further

support to the hypothesis that uveal melanomas grow

large because they are aggressive and do not become

aggressive because they grow large. Treatment rationale

is profoundly influenced by whether it is believed that

metastasis commences before uveal melanomas grow

large or afterwards. The importance of evidence-based

care is now accepted; however, we need to be conscious

of how the same evidence can be interpreted in different

ways.33

As early as the mid-nineteenth century, von Graefe34

observed that some patients with a small uveal

melanoma died of metastasis, whereas others with a

large tumour survived. We now know that this is because

there are lethal and non-lethal subtypes of uveal

melanoma. What this means is that the value of LTD as a

survival predictor is enhanced when considered together

with histological and genetic risk factors.
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A reappraisal of the
significance of largest basal
diameter of posterior uveal
melanoma

To obtain credit, you should first read the journal article.

After reading the article, you should be able to answer the

following, related, multiple choice questions. To com-

plete the questions and earn continuing medical educa-

tion (CME) credit, please go to http://cme.medscape.

com/public/nature. Credit cannot be obtained for tests

completed on paper, although you may use the work-

sheet below to keep a record of your answers.

You must be a registered user onMedscape.com. If you are

not registered on Medscape.com, please click on the new

users: Free Registration link on the left hand side of the

website to register.

Only one answer is correct for each question. Once you

successfully answer all post-test questions you will be

able to view and/or print your certificate. For questions

regarding the content of this activity, contact the

accredited provider, CME@medscape.net. For technical

assistance, contact CME@webmd.net.

American Medical Association’s Physician’s Recognition

Award (AMA PRA) credits are accepted in the US as

evidence of participation in CME activities. For further

information on this award, please refer to http://www.

ama-assn.org/ama/pub/category/2922.html. The AMA

has determined that physicians not licensed in the US who

participate in this CME activity are eligible for AMA PRA

Category 1 CreditsTM. Through agreements that the AMA

has made with agencies in some countries, AMA PRA

credit is acceptable as evidence of participation in CME

activites. If you are not licensed in the US and want to

obtain an AMA PRA CME credit, please complete the

questions online, print the certificate and present it to

your national medical association.

1. Which of the following features of uveal melanoma is

likely to be predicted by largest tumor diameter (LTD)?

A Local tumor recurrence

B Extraocular spread

C Retinal detachment

D All of the above

2. A 40-year-old man is found to have a uveal

melanoma with LTD of 12 mm measured by B-scan

echography. Which of the following is the most

appropriate first-line treatment for this patient?

A Radiation therapy

B Phototherapy

C Transpupillary thermotherapy

D Enucleation

3. Which of the following best describes 5-year

mortality from metastatic disease associated with

uveal melanoma in patients with monosomy 3

compared with patients without this chromosome

abnormality?

A Similar

B 2 times higher

C 3 times higher

D 4 times higher

4. Which of the following histologic, cytologic, and

demographic factors is least likely to be correlated

with metastatic death from uveal melanoma?

A Largest basal tumor diameter and chromosome 3 loss

B Closed connective tissue loops and high mitotic rate

C Highest tumor height and male sex

D High mitotic rate and epithelioid cells

5. A patient with uveal melanoma has an LTD of 11

mm. Which of the following best describes her

expected 20-year disease-specific mortality rate?

A 25%

B 34%

C 41%

D 65%
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