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Preface

Every ophthalmologist will at some time encounter patients with uveal melanoma. 

Although it is a rare disease, the implications of having this disease are huge: not only 

is vision threatened, but the patient is also faced with the fact that this is a potentially 

fatal disease. Any resident in ophthalmology must be aware of any therapeutic oppor-

tunities, as well as possible complications.

This book provides the latest information on the diagnosis of uveal melanomas 

and on the wide range of treatment options. For ophthalmologists with an interest in 

ocular oncology, the pros and cons of each modality are described by leading experts 

in the field. Information is also provided on the treatment of metastases, and promis-

ing new developments that may help patients in the future. This book is intended for 

all ophthalmologists and other specialists who see patients with uveal melanoma, and 

the variety of themes will offer something new to all.

Martine J. Jager, Leiden

Laurence Desjardins, Paris

Tero Kivelä, Helsinki

Bertil E. Damato, Liverpool 

VIII 



Jager MJ, Desjardins L, Kivelä T, Damato BE (eds): Current Concepts in Uveal Melanoma.
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Diagnosis of Uveal Melanoma
Tero Kivelä

Ocular Oncology Service, Department of Ophthalmology, Helsinki University Central Hospital, Helsinki, Finland

Abstract
The diagnosis of uveal melanoma is based on clinical examination with the slit lamp and indirect 

ophthalmoscope together with ultrasonography of the eye. Large to medium- sized melanomas are 

reliably diagnosed using these methods. The challenge lies in early detection. Small melanomas are 

more difficult to tell from presumed naevi. A useful mnemonic ‘to find small ocular melanomas’ 

reminds the general ophthalmologist to look for tumour thickness of more than 2 mm, subretinal 

fluid, visual symptoms, orange pigment and location of the tumour margin at the optic disc. Optical 

coherence tomography and fundus autofluorescence imaging help in identifying subretinal fluid 

and orange pigment and in measuring the thickness of thin choroidal tumours. Each of the risk char-

acteristics roughly doubles the likelihood of growth so that the risk for growth is about 30 times 

higher when all five characteristics are present as compared to their absence. In addition, a low 

acoustic profile, the absence of a halo around the tumour and the absence of drusen over it increase 

the likelihood of growth. Patients with a choroidal melanocytic tumour with at least one risk charac-

teristic benefit from referral to an ocular oncologist. We recommend that the rest of the patients be 

made aware of their presumed naevus and that they should be observed periodically. The patients 

should also be told to return immediately if they develop new visual symptoms. Finally, the trend is 

toward taking a biopsy of suspicious small choroidal tumours as an alternative to documenting 

growth before treating them as melanomas. Copyright © 2012 S. Karger AG, Basel

The diagnosis of uveal melanoma is based on clinical examination with the slit lamp 

and indirect ophthalmoscope together with ultrasonography of the eye. Iris melano-

mas are readily observable, whereas ciliary body melanomas are difficult to detect 

when small because they are hidden behind the iris. Choroidal melanomas can also 

be missed unless the fundus is meticulously examined after full pupillary dilatation. 

Digital photography is most useful for documenting their size and location. When 

a choroidal tumour is large or peripheral, wide- angle cameras are especially helpful 

(fig. 1a– d).

Smaller choroidal melanomas are flat to dome in shape (fig. 1a). Exudative retinal 

detachment develops early (fig. 1b) and may eventually hide the tumour. With time 

tumours break through Bruch’s membrane and acquire an essentially pathognomonic 
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mushroom or collar button shape (fig. 1c). If the tumour infiltrates additionally 

through the retina, vitreous bleeding characteristically develops (fig. 1d).

Uveal melanomas display classically low reflectivity in A-  and B- scan ultrasonog-

raphy. In an A- scan, the spikes are initially high but steadily diminish toward the 

sclera. In a B- scan, the tumour appears dark and acoustically hollow (fig. 2a). The 

reflectivity is less than that of the surrounding choroid, which gives the impression 

of a choroidal excavation at the base of the tumour. When Bruch’s membrane is bro-

ken, the characteristic mushroom shape is easily observed. Blood flow within larger 

intratumoural blood vessels may be visible as shifting echoes. Ultrasonography is also 

sensitive in identifying extraocular growth, which likewise appears as a low reflective 

area as compared to the normal orbital tissues.

In the special case of ciliary body melanomas, high- frequency ultrasonography or 

ultrasound biomicroscopy is most useful, allowing visualization of tumours which 

otherwise would be hidden. Anterior segment optical coherence tomography is a 

a b

c d

Fig. 1. Progression of uveal melanoma. a Small tumour that is only slightly elevated. b Exudative 

retinal detachment nearly hides a dome- shaped tumour (arrowheads). c Typical collar button or 

mushroom shape with broken Bruch’s membrane. d Preretinal bleeding around the button after 

infiltrating through the retina (arrowheads).
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newer technique for visualizing iris and ciliary body tumours, but so far its penetra-

tion is inferior to what is achieved with ultrasonography [1]. In the absence of such 

equipment, transpupillary transillumination, gonioscopy or oblique biomicroscopy 

when the patient is looking to the direction of the tumour may help to reveal a ciliary 

body melanoma.

Uveal melanomas have an intrinsic circulation, additional to the normal choroidal 

one. Demonstration of such double circulation or leakage of tumour blood vessels is 

today rarely needed to make the diagnosis of larger melanomas. Fluorescein angiog-

raphy is mainly used when uveal melanoma is a viable differential diagnostic option 

but another lesion, such as haemorrhagic macular degeneration or a choroidal hae-

mangioma, is a likely alternative. Detection of looping vessels by indocyanine green 

angiography may in some cases help to predict growth of small pigmented melano-

cytic tumours [2, 3].

Computed tomography and magnetic resonance imaging are helpful in eyes which 

have secondary vitreous haemorrhage, extensive retinal detachment or cataract 

a

b

c

Fig. 2. Imaging of uveal melanoma. a The 

acoustic reflectivity of uveal melanoma is low 

resulting in a dark or ‘hollow’ appearance on 

B- scan. Collar button shape is obvious. b Signal 

intensity of viable melanoma, here extraocular 

(arrowhead), is higher than that of the vitreous 

in T1- weighted magnetic resonance images; the 

intraocular part is isointense because of necro-

sis. c In T2- weighted images, signal intensity of 

viable melanoma is lower than that of the vitre-

ous.
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which make visualization of the fundus difficult or impossible. They are also useful 

for charting more advanced extrascleral growth (fig. 2b, c). The tumour typically has 

high signal intensity in T1- weighted images and low signal intensity in T2- weighted 

ones, but either haemorrhage or necrosis may alter this pattern. These imaging meth-

ods are generally not necessary to establish the diagnosis of uveal melanoma, but they 

can be required for planning of proton beam or stereotactic radiotherapy.

The role of fundus autofluorescence imaging and optical coherence tomography in 

diagnosing especially small and posterior uveal melanomas is described later.

Diagnosing Large to Medium- Sized Uveal Melanomas

In the Collaborative Ocular Melanoma Study, which was launched in 1986 and closed 

for accrual in 1998, medium- sized choroidal melanomas were randomized to iodine 

plaque brachytherapy or enucleation, and large ones to enucleation with or without 

pre- enucleation external beam radiotherapy [4]. Altogether, 660 medium- sized and 

1,003 large presumed choroidal melanomas were randomized to enucleation. The 

participating clinicians had correctly diagnosed 99.7% of the tumours enucleated 

[5].

The Collaborative Ocular Melanoma Study trials tell us that an experienced retinal 

specialist or ocular oncologist will have little difficulty in diagnosing a large to medium-

 sized uveal melanoma, even when using the imaging and ultrasonographic equipment 

of the 1980s and 1990s, which was somewhat crude by modern standards.

In these size categories, the problem is not in diagnosing a tumour as a uveal mela-

noma but in finding it and in referring the patient. Studies which looked for diagnostic 

delays suggest that 28– 37% of uveal melanomas were not found by the ophthalmolo-

gist or optometrist on the first visit although many of the tumours were symptomatic 

at that time [6– 8]. To avoid such a delay, it is imperative to dilate the pupil and to 

examine the fundus with binocular indirect ophthalmoscopy of all patients who have 

reduced visual acuity or symptoms suggestive of a posterior segment lesion such as 

photopsia, floaters, metamorphopsia or a shadow in the visual field [6].

Diagnosing Small Uveal Melanomas

The case is very different with small uveal melanomas, which are often difficult to tell 

from benign naevi at first sight. Formerly such lesions were generally observed for 

growth [9– 11]. However, models based on tumour doubling times now suggest that 

micrometastasis initiates one to several years before the diagnosis of a primary chor-

oidal melanoma is generally made [12]. The predicted size of the primary tumour 

when metastasis may already commence is but 3 mm in diameter and 1.5 mm in 

thickness [13].
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Small melanomas of this size can already harbour chromosomal and gene expres-

sion abnormalities associated with systemic metastasis [14], lending support to the 

theoretical model. As a result, the attitude toward potential small melanomas is 

changing [15] and how quickly and efficiently they will be differentiated from naevi 

may well turn out to be of considerable importance to some patients.

The general ophthalmologist is frequently confronted with the task of differentiat-

ing a naevus from a small melanoma. The estimated prevalence of choroidal naevi 

ranges widely from 3 to 20%, depending on the population and study design. The 

most recent estimate suggests the prevalence in Caucasians to be between 5 and 10% 

[16]. To make an efficient diagnosis, it is useful to be familiar both with the epidemi-

ology of naevi and with signs that suggest growth and, consequently, malignancy.

How Often Do Choroidal Melanomas Develop from Naevi?

Of uveal melanomas diagnosed, 6– 8% develop from previously identified presumed 

naevi [7]. The true percentage probably is double as high, because 40– 60% of patients 

with a newly diagnosed uveal melanoma have not visited an ophthalmologist during 

the previous decade [9, 11, 17]. Thus, only one half of them are probably aware of 

the existence of a prior naevus. Moreover, naevi in the peripheral fundus may escape 

attention even when the eye has been examined in the past. These findings taken 

together, it is likely that about 20% of uveal melanomas develop from a previous 

naevus.

How Often Do Choroidal Naevi Progress to Melanoma?

Uveal naevi, on the other hand, seem to have a fairly low risk of progressing to mela-

noma during lifetime. Recently, the annual rate of malignant change of a choroidal 

naevus in Caucasians was estimated to be 1 in 8,845 on average, ranging from 1 in 

269,565 in the youngest to 1 in 3,664 in the oldest age group [16].

These calculations can be carried a step further, bringing the focus to the patient 

level. Starting from a 15- year- old individual and cumulating the risk over lifetime, 

the risk of a choroidal naevus undergoing malignant change can be estimated to be 

0.04% by the age of 40 years, 0.28% by the age of 60 and 0.78% by the age of 80 years 

[18]. The presumption is then that all melanomas would develop from naevi, which is 

unlikely. As argued, about 20% of melanomas may develop from naevi, in which case 

the adjusted lifetime risk would be 0.06% by the age of 60 years and would eventually 

approach 0.2% or 1 in 500 after the age of 80 years.

In practice, most uveal naevi will have a smaller than average risk of growth. For 

efficient diagnosis, the clinician has to identify those with a higher than average risk 

of growth. Many features predictive of growth have been identified over the course of 
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years and are now well established [17, 19– 23]. Several tumours with one or more of 

these features will actually already be small melanomas, some most likely arising de 

de novo and some by transformation from a prior naevus.

How to Find Small Ocular Melanomas (Using Helpful Hints Daily)?

The risk characteristics which independently predict growth of small choroidal 

melanocytic tumours were popularized by Shields et al. [20, 22] who coined the 

mnemonic TFSOM, i.e. ‘to find small ocular melanomas’. The mnemonic helps the 

ophthalmologist to remember to look for tumour thickness, subretinal fluid, symp-

toms, orange pigment and tumour margin when evaluating small choroidal melano-

cytic tumours.

The same authors later added three features extending the mnemonic with ‘using 

helpful hints daily’: a low acoustic profile or ultrasound hollowness, absence of a halo 

around the tumour and absence of drusen over the tumour [24].

T –  for Thickness

The thickness of a choroidal tumour can be grossly estimated by biomicroscopy or 

indirect ophthalmoscopy by imagining that the optic disc would be tilted upward. 

Tumours that appear higher than the disc, which is 1.5 mm in diameter, approach 

the 2- mm limit. Dioptric difference in direct ophthalmoscopy can also be used 

to estimate thickness. However, usually thickness is measured with A-  or B- scan 

ultrasonography.

The B- scan becomes inaccurate when the thickness of the tumour is less than 1 

mm. Such tumours located posterior to the equator can be imaged with optical coher-

ence tomography, using the enhanced depth imaging technique in which the instru-

ment is pushed closer to the eye than normally (fig. 3). This causes mirroring of the 

image but at the same time shifts the best resolution from the level of the retina to the 

choroid [25].

The 2- mm cut- off point is obviously an arbitrary one. Comparison of frequency 

distributions of tumour thicknesses indicates, however, that there will be approxi-

mately 125 naevi for every melanoma in the thickness range from 1.5 to 2 mm, but 

only approximately 25 naevi for every melanoma in the range of 2– 2.5 mm and no 

more than 5 naevi for every melanoma in the range of 2.5– 3 mm [26].

Also presumed naevi grow somewhat in thickness, especially during adolescence. 

In one large study, the average naevus was 0.3 mm thicker in the age group 21– 50 

years as compared to patients aged 20 years or less [27]. In the oldest age group of 

over 50 years, the average thickness was 0.1 mm larger than in those 21– 50 years of 

age.
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F –  for Subretinal Fluid

Exudative retinal detachment is a hallmark of frank uveal melanomas [28]. Subretinal 

fluid at the top of or adjacent to a small pigmented tumour is felt by many to be a 

strong, if not the strongest, hint of a potential malignant nature of an otherwise inde-

terminate pigmented choroidal tumour. Small uveal melanomas may, however, lack 

clinically detectable subretinal fluid.

Moreover, small amounts of subretinal fluid leak from 5 to 15% of presumed naevi 

[27, 29], probably because of a breakdown of the retinal pigment epithelial barrier. 

Optical coherence tomography shows that pockets of subretinal fluid may be found 

over presumed choroidal naevi [30], often between larger drusen. It is not known yet 

whether subclinical amounts of fluid detectable over and around small pigmented 

tumours carry exactly the same implication as does subretinal fluid detectable clini-

cally because studies which incriminated subretinal fluid antedate the invention of 

this imaging method, but preliminary evidence suggests that subclinical fluid may be 

relevant in this respect [31].

S –  for Symptoms

Symptoms from a small choroidal melanocytic tumour are visual and are usually 

due to extension of the tumour or its associated subretinal fluid toward the fovea, 

a

b

Fig. 3. a Normal optical coherence tomography images emphasize retinal (ret) detail. b If the instru-

ment is moved closer to the eye, the image becomes inverted but the best resolution shifts to the 

choroid (ch) highlighting its margin toward the sclera (scl) (arrowhead) and enabling choroidal thick-

ness measurements; the image shown is inverted back.
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a b

c d

e f

g h
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typically causing blurred vision, altered colour perception, metamorphopsia or a cen-

tral shadow in the visual field [7, 20, 27].

The presence of symptoms at diagnosis often means that they have appeared 

recently, suggesting change in the tumour. Appearance of new symptoms during fol-

low- up of a naevus is alarming and frequently leads to diagnosis of uveal melanoma 

[7].

O –  for Orange Pigment

Orange flecks and subretinal fluid over a small pigmented tumour are often felt to 

be the strongest single indicators of potential malignancy. In fact, these two fea-

tures usually occur together, because the flecks are typically located on the outer 

surface of the detached neuroretina. The pigment is a special type of lipofuscin, 

which forms especially over choroidal melanomas located in the posterior pole. It is 

only exceptionally detectable over more peripheral melanomas. The flecks typically 

are of varying size and shape and can even form a meshwork over the tumour (fig. 

4a).

If the tumour is amelanotic, the pigment will appear to be black rather than orange 

in colour (fig. 4b). Whichever colour, it is generally brightly autofluorescent [32, 33], 

which has made fundus autofluorescence imaging very useful in the differential diag-

nosis of small uveal pigmented tumours (fig. 4c, d).

Orange pigment is also found on the surface of 6– 10% of presumed benign naevi 

[27, 29]. Consequently, its presence alone, if somewhat alarming, does not automati-

cally indicate a uveal melanoma. The long- term significance of orange pigment over 

presumed naevi has not been studied conclusively.

M –  for Margin Relative to the Optic Disc

The mnemonic originally referred to tumour margin touching the optic disc as a 

high- risk characteristic [20, 22, 34]. In a more recent publication from the same 

group, this feature appears as tumour margin within 3 mm from the optic disc [24]. 

Fig. 4. a Lipofuscin over a pigmented melanoma appears orange. b Lipofuscin over an amelanotic 

melanoma appears black. c, d It is brightly autofluorescent in both instances. e Halo naevus without 

any risk characteristics in the eye of a 19- year- old man. f Choroidal melanoma with subretinal fluid 

(arrowheads) was diagnosed 24 years later; the halo is still seen over the tumour. g Small peripapil-

lary presumed naevus without high- risk characteristics in an eye of a 54- year- old woman. h Five 

years later, the tumour is 5 times larger and has small orange pigment flecks suggesting melanoma.
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According to the respective multivariate analyses, both features are significantly 

associated with the risk of growth, but the former one is associated with a higher 

relative risk.

The association between the risk for growth and the margin of the tumour touch-

ing the optic disc is likely to be a statistical rather than a biological one. In fact, it 

might signify that the tumour already has grown to reach the disc margin.

UH –  for Ultrasound Hollowness

The acoustic profile of a uveal melanoma is low because these tumours are homog-

enous and contain few stromal elements which scatter ultrasound [35], whereas the 

typical choroidal naevus is equal in reflectivity to the normal choroid. Consequently, 

a low acoustic profile in a small melanocytic tumour suggests malignancy [24]. 

However, not all acoustically hollow naevi seem to grow on follow- up.

H –  for Absence of a Halo around the Tumour

Some choroidal naevi are surrounded by a yellowish ring of lighter pigmentation 

[36]. Statistically, the presence of a halo around a small choroidal melanocytic tumour 

makes growth less likely [24]. About 4% of halo naevi will nevertheless eventually 

be diagnosed as melanomas [36] and the absence of a halo should consequently be 

viewed as a high- risk characteristic rather than its presence as a protective factor (fig. 

4e, f).

D –  for Absence of Drusen

Choroidal naevi like their cutaneous counterparts generally are present from child-

hood and the retinal pigment epithelium overlying them becomes compromised over 

time, leading to the emergence of drusen and, sometimes, atrophy and proliferation 

of the pigment epithelium [27]. The presence of any of these features suggests that the 

tumour is long standing and, by inference, likely to be benign.

However, not all naevi carry these features. Drusen are found in about 10, 40 and 

60% of presumed naevi in patients aged 20 years or less, 21– 50 years and over 50 

years, respectively [27]. Atrophy and hyperplasia of the pigment epithelium is excep-

tional in patients younger than 20 years but they occur equally in up to 10% of the 

two older age groups [27]. The clinical impression is that the thicker the naevus is, the 

more likely it carries retinal pigment epithelial changes.

It is important to check whether the pigment epithelial changes are evenly dis-

tributed over the tumour. Although the presence of drusen speaks against a de novo 



Diagnosis of Uveal Melanoma 11

melanoma, drusen do not exclude malignant change in a pre- existing naevus, espe-

cially when absent from a part of the tumour. Finally, a streak or ‘tail’ of retinal pig-

ment epithelial atrophy and proliferation suggests intermittent leakage of subretinal 

fluid rather than just a long- standing lesion.

Additional Risk Characteristics

Regarding tumour diameter, comparison of the frequency distributions indicate that 

there are approximately 70 naevi for every choroidal melanoma in the diameter range 

of 5– 6 mm as compared to approximately 10 naevi for every melanoma in the range 

of 6– 7 mm and not more than about 3 naevi for every melanoma in the range of 7– 8 

mm [26].

As mentioned, looping vessels identified by indocyanine green angiography may 

help to predict growth of small choroidal melanocytic tumours [2, 3]. When loops 

were detected, about half of the tumours grew during an average follow- up of 39 

months, but when loops were absent no growth was detected [3].

Observed Growth

Observed growth over a short period of, say, 1 year or less is generally taken as essen-

tially definitive evidence of a tumour being a small melanoma. Generally, an increase 

of 0.3 mm in thickness and 0.5 mm in diameter as measured by ultrasonography is 

taken as unequivocal evidence of growth. Sequential fundus photographs may reli-

ably identify even a smaller change in tumour diameter.

Benign naevi can also grow slowly, particularly in adolescence. In one larger study, 

31% of presumed naevi grew 0.2– 3.0 mm in diameter over a mean follow- up of 15 

years [29]. The annual growth varied from 0.01 to 0.36 mm with a median of 0.06 

mm, which translates to a 0.5- mm increase in 8 years. The percentage of growing 

was 54% in patients aged less than 40 years and 19% in patients aged more than 60 

years. In fact, younger age was the only factor which predicted growth by multivariate 

analysis.

Asymmetric growth suggests malignant change of a naevus. Because a tumour will 

remain less than 1 mm in size for the first 20 cell divisions or so [13], it is possible for 

an incipient melanoma to grow hidden within a naevus for several years before reach-

ing its margin and thus becoming identifiable.

Tumours which grow in all directions are either de novo melanomas, transformed 

naevi in which the malignant change took place centrally, or growing naevi, depend-

ing on how rapidly they enlarge. The presence or absence of high- risk characteristics 

will help to make the diagnosis. A de novo melanoma is likely to show orange pigment 

and subretinal fluid in the absence of drusen and retinal pigment epithelial changes, 
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a transformed naevus may combine both sets of features and a growing naevus typi-

cally displays only degenerative features on its surface.

When and How Should One Review Choroidal Naevi to Diagnose Melanoma Early?

The presence of any one of the five original TFSOM characteristics significantly raises 

the likelihood of growth, which often heralds or already is a sign of malignancy, the 

more so when occurring together. The relative risk for a small melanocytic tumour 

to grow (compared with the absence of any characteristic) is 1.9 for the presence of 

1 factor, 3.8 for 2 factors, 7.4 for 3 factors, 14.1 for 4 factors, and 27.1 for all 5 factors 

[22] Thus, the relative risk roughly doubles by every addition of one feature.

It is of note that the majority of presumed naevi that develop into a melanoma are 

associated with at least one of the known high- risk characteristics for growth from 

the beginning [7, 22, 24]. Roughly 90% of them initially had at least 1 high- risk char-

acteristic for growth and 36% showed 3– 4 such characteristics [7]. As mentioned, 

later onset of visual symptoms often heralds eventual diagnosis and treatment [7].

Because naevi are common the opinion on how one should proceed when one is 

found continues to be divided. We suggest that all patients be told about the naevus. 

If any of the high- risk characteristics is present, perhaps with the exception of peri-

papillary location of a flat naevus, it is wise to seek a second opinion from an ocular 

oncologist.

In the absence of high- risk characteristics, it is reasonable to propose intermittent 

review, the intervals of which depend both on the age of the patient and the size of 

the presumed naevus. If the patient is young, the naevus is small or both, the interval 

can be 2 years. Otherwise, we recommend initially a 1- year interval. If the patient has 

previously been examined without a naevus being mentioned, we start with intervals 

of 3– 6 months. If no change is observed, the intervals can gradually be extended to 

2 years. All patients should be told to return immediately if any visual symptoms 

develop.

We strongly suggest that the review always be based on fundus photographs taken 

at baseline, ideally with intermittent optical coherence tomographic or ultrasono-

graphic measurement of thickness if the naevus is elevated. Such photographs can 

be extremely helpful in diagnosing melanomas when they are small (fig. 4g, h). As 

mentioned, optical coherence tomography is also of use in finding small amounts 

of subretinal fluid. Even though there is no conclusive evidence that subclinical sub-

retinal fluid is an identical risk factor as clinically evident fluid, it can be viewed as a 

precursor of the latter.

In a retrospective review, the median time to diagnosis of uveal melanoma was 

3 years [7]. When melanoma was diagnosed, the median thickness of the tumour 

had increased by 3.5 times to 3.5 mm, the diameter by 1.7 times to 10 mm and 

the volume by 7.5 times to 142 mm3. The review had typically been based only on 
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ophthalmoscopy. Had photographs been available, the diagnosis would have been 

made earlier in most patients.

When to Take a Biopsy to Diagnose a Melanoma?

A needle biopsy is of definite value in pursuing the diagnosis of a suspected small 

melanoma and in assessing its grade [37– 39] although diagnostic errors remain a 

possibility because of heterogeneous cell lines in different parts of some tumours 

[40, 41], which are most likely if the tumour represents a transformed naevus. We 

have observed a number of naevi in which, after a stationary period of many years or 

decades, malignant change apparently has occurred only in a cell line on one border 

and it may then be tricky to get a representative biopsy sample.

Intraocular biopsy also involves the risk for vitreous haemorrhage, retinal detach-

ment and other complications that may affect vision. Nevertheless the current trend 

is toward more frequent and earlier biopsy with the aim of earlier treatment of small 

suspicious choroidal melanocytic tumours.

Before treating a centrally located tumour, most ocular oncologists expect to see 

more than one high- risk sign, documented growth or a positive biopsy. Melanomas 

that are centrally located tend to distort vision in their early stage, which motivates 

the patient to opt for treatment even when it is likely to reduce vision.

If the tumour is peripheral, a suspicious lesion can be treated without definite signs 

of growth, for example when only one high- risk characteristic is observed, such as 

orange pigment or subretinal fluid. Some ocular oncologist would, however, consider 

taking a biopsy in order to assess prognosis.
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Abstract
Uveal melanomas can be treated by various forms and combinations of radiotherapy, phototherapy 

and local resection, which need to be tailored to the tumour size, location and extent as well as the 

patient’s needs, fears and wishes. Many factors complicate the process of treatment selection and 

these include limited resources, incomplete knowledge of the patient’s condition (e.g. genetic 

tumour type) and inadequate scientific evidence on which to base decision making. In this chapter, 

I describe how I select treatment for small, large, juxtapapillary, ciliary and iridal melanomas, respec-

tively, and for melanocytic tumours of indeterminate malignancy. I also describe how I interact with 

patients so as to select the most suitable treatment in a personalised manner. Finally, I discuss chal-

lenges and shortcomings in this aspect of patient care, also providing suggestions for further 

research in this field. Copyright © 2012 S. Karger AG, Basel

The aims of ocular treatment of uveal melanoma are to prevent metastatic spread and 

to conserve the eye with useful vision, if possible. There are several therapeutic modal-

ities, which can be administered individually or in various combinations to enhance 

the likelihood of local tumour control while minimising the risk of collateral damage to 

uninvolved tissues. Given any choice, treatment is selected according to the size, loca-

tion and extent of the tumour as well as the patient’s needs, wishes and fears. Treatment 

selection is complicated by constraints imposed by limited health care resources, such 

as unavailability of facilities for proton beam radiotherapy. There may also be restric-

tions arising from the patient’s own circumstances, for example, travel restrictions 

because of the need to care for an infirm and housebound relative. Another challenge 

is uncertainty about the likely outcomes of rival treatments, because the required evi-

dence is not available in the published literature or because important factors, such as 

histological grade and genetic type of the patient’s tumour, are not known.

In this chapter, I describe a number of clinical scenarios and explain how I would 

select what I consider to be the most appropriate form of management. There is 

often a lack of consensus amongst ocular oncologists about how a particular patient 
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or tumour should be treated. This article therefore provides my personal approach 

to treatment selection, with references to other points of view. I would not presume 

to suggest that my therapeutic choices are any better than those made elsewhere. 

Nevertheless, I hope that the general principles I describe will be applicable in other 

clinical environments.

With regard to my ‘credentials’ for writing this chapter, I am fortunate in having a 

relatively wide range of therapeutic options at my disposal, without excessive finan-

cial constraints. I am also privileged to treat patients from different parts of the world 

so that my experience is not limited to counselling English patients.

Clinical Scenarios

Melanocytic Choroidal Tumour of Indeterminate Malignancy

I find the management of patients with a pigmented choroidal tumour to be particu-

larly challenging and this is because the impact of ocular treatment on these small 

tumours is not known [1]. It is conventional practice for these patients to be moni-

tored until there is photographic evidence of tumour growth; however, such delayed 

treatment risks missing any opportunity for preventing the onset of metastatic spread 

in some patients. As many as 30– 40% of choroidal melanomas have metastatic capa-

bility, as suggested by chromosome 3 loss and chromosome 8q gain, if treated when 

they are small (i.e., having a basal diameter not exceeding 10 mm) [2]. It is not known 

how many of these small, lethal tumours have not yet started metastasising by the time 

they are treated. It is also not known how many of the small, disomy 3 melanomas will 

transform to the high- grade, metastasising variety if left untreated for months or years 

until growth is seen. A recent patient of mine had a choroidal melanoma that suddenly 

grew rapidly after many years of apparent inactivity [3]. Examination of the enucleated 

eye showed the tumour to consist of spindle, disomy 3 cells basally and of epithelioid, 

monosomy 3 cells at its apex. This case suggests that the tumour underwent malignant 

transformation while the patient was being monitored. If the patient ever develops 

metastatic disease, there will inevitably be concerns that such a catastrophe might have 

been prevented by prompt treatment. Conversely, treatment of all suspicious tumours 

would result in unnecessary ocular morbidity and visual loss in most patients, espe-

cially as 30– 40% of small choroidal melanomas extend close to the optic disc or fovea.

I approach the counselling of patients with an indeterminate melanocytic chor-

oidal tumour in a stepwise manner. First, I explain what the ocular treatment would 

entail, providing an estimate of the chance of visual loss. Next, I suggest that delaying 

treatment until the basal tumour diameter has increased by 1 mm may increase the 

10- year risk of metastatic death by around 1– 2% (i.e., 1% if I consider the chances 

of malignancy to be fifty- fifty and 2% if I am confident that the tumour is indeed 

a melanoma). This is based on my observed increase in the 10- year mortality of 
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approximately 4% and mentally adjusting for lead time bias [4]. The patient is 

informed of the lack of scientific evidence and the ‘fuzzy logic’ that I am obliged to 

use to help them decide what to do. Most patients in Britain opt for treatment even if 

this is likely to cause visual loss. As an alternative to serial fundus photography, I have 

recently started offering biopsy to patients so that those with histological evidence of 

malignancy would be treated without delay. If genetic studies show lethal abnormal-

ity, I would encourage urgent treatment, particularly if the tumour is still small, in 

case metastatic spread has not started; however, if abnormality of chromosome 3 is 

not seen in a histologically proven melanoma I would not suggest deferral of treat-

ment in view of the risk of late malignant transformation. At one time, 6p gain was 

considered to protect against chromosome 3 loss [5], but data from Liverpool show 

that these two chromosomal abnormalities commonly occur together [2].

If the patient opts to defer treatment, I always make sure that the information pro-

vided to the patient is well documented. This is because I believe that it is as impor-

tant to have written evidence for informed consent for nontreatment as it is to record 

consent for treatment.

Thin, Equatorial, Choroidal Melanoma

My first choice of treatment for equatorial choroidal melanomas is brachytherapy, 

because it is less invasive than surgical resection, more reliable than phototherapy and 

less damaging to superficial tissues than proton beam radiotherapy.

With regard to the type of applicator, I prefer ruthenium to iodine plaques. There 

are several reasons for this. First, the beta irradiation delivered by ruthenium has a 

relatively limited range thereby minimising any risk of collateral damage to healthy 

ocular tissues. Furthermore, this treatment is convenient for patients who come from 

afar because the applicator can be used immediately. This means that most patients are 

able to have the plaque inserted the day after their initial assessment at my unit so that 

they do not need to return home to wait for the plaque to be prepared. With the iodine 

plaque, patients need to wait several days for the implant to be loaded with the radioac-

tive seeds. The ruthenium plaque has a shelf life of about a year so that it can be re- used 

many times, making it relatively inexpensive. I also find the ruthenium plaque easier 

to handle than the iodine applicator, which is more bulky. However, the ruthenium 

plaque has several disadvantages. The radioactive surface is very delicate so that if it 

is scratched the plaque can become unusable, which causes considerable disruption of 

the oncology service and inconvenience to patients until new plaques can be ordered. 

Secondly, it is not possible to modify the applicator so that in some patients a large area 

of normal choroid and retina may be irradiated, unlike iodine applicators, which allow 

better tailoring of the dosimetry to the tumour, simply by adjusting the number and 

distribution of the radioactive seeds. In practice, the fixed area of irradiation does not 

seem to affect outcome adversely, especially if the plaque is positioned eccentrically so 
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that it is the anterior choroid that is irradiated. The wide safety margin that results ser-

endipitously reduces the risk of tumour recurrence from diffuse and subclinical ante-

rior tumour spread. Ruthenium plaque radiotherapy is advocated only for tumours up 

to 5 mm in height. Others have reported success with thicker tumours, despite the fact 

that the apical part of the tumour does not receive a tumouricidal dose of radiation [6]. 

It is believed that such thick tumours respond to the ruthenium plaque radiotherapy 

because the very high basal dose of radiation obliterates the blood supply to the tumour, 

inducing tumour necrosis. Iodine plaques deliver higher doses to the apical zones of 

thick tumours, albeit with a greater risk of causing collateral damage to healthy ocular 

tissues. There is scope for studies comparing ruthenium with iodine plaques.

In some centres, small, equatorial tumours are treated with strontium or palladium 

applicators [7, 8]. Some authors would treat these with proton beam radiotherapy, 

which they consider to be superior to brachytherapy in all patients [9].

It is tempting to leave some patients without treatment if their tumour is asymp-

tomatic, even if the clinical features strongly suggest malignancy. I tried this with a 

few patients at a time when I still believed that ocular treatment never influences 

survival; however, most tumours grew, making treatment necessary so that I have 

become less enthusiastic about this non- interventionist policy.

Small, Posterior Choroidal Melanoma

If I am not confident that I can reliably treat a tumour with brachytherapy without 

causing collateral damage to the optic nerve or fovea, my choice of treatment is proton 

beam radiotherapy. This happens when the tumour extends close to both the optic 

disc and fovea, especially if it has an awkward shape. Such an approach is one of the 

main reasons why my incidence of local tumour recurrence after brachytherapy is 

only 4% [10]. Occasionally, I obtain the patient’s permission to defer the choice of 

treatment until the time of surgery, deciding between brachytherapy and proton beam 

radiotherapy only once I have inserted the plaque template and checked its position in 

relation to the tumour, optic disc and fovea. With proton beam radiotherapy, it is not 

necessary to suture the tantalum markers precisely at the tumour margins, as long as 

the marker- marker, marker- tumour and marker- limbus measurements are accurate. 

Such marker insertion is therefore easier than posterior plaque placement and with 

computer modelling it is possible to identify any inaccuracies and adjust the dosim-

etry accordingly. Another advantage of proton beam radiotherapy is that the beam can 

be collimated according to the shape of the tumour. With tumours extending to within 

a disc diameter of the optic disc edge, the recommended 2.5- mm safety margin results 

in a high dose of radiation being delivered to the optic nerve so that optic neuropathy 

almost inevitably occurs. In some patients, I therefore reduce the lateral and distal 

safety margins, as long as the tumour is not diffuse and provided that during simula-

tion the patient can keep the eye still. This is done only if the patient gives informed 
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consent, accepting the increased chance of local tumour recurrence and the persistent 

albeit reduced risk of optic neuropathy. There is scope for further investigation into 

proton beam safety margins and how these might be adjusted with tumour size.

If the tumour extends close or up to the disc margin, so that any radiotherapy would 

inevitably cause optic neuropathy, then I would consider endoresection, but only if the 

patient is highly motivated to conserve vision and accepts the controversial nature of 

this procedure. The chances of conserving central visual acuity diminish if the tumour 

extends temporal to the vertical meridians of the optic disc. This procedure is also less 

likely to be successful if the tumour has a basal dimension exceeding 10– 11 mm or 

if it has diffuse margins. Retinal perforation by the tumour is not a contraindication, 

especially as retinotomy is routinely performed to gain access to the tumour. Some 

authors have advocated a retinal flap but my impression is that such a modification has 

little benefit unless retinal translocation is performed. This may be useful if the tumour 

extends to the subfoveal choroid and if the vision in the fellow eye is poor. The chances 

of conserving central vision are good if the tumour does not extend close to the fovea. 

The most common complications are those of the vitrectomy and are the same as those 

of other vitreoretinal procedures (e.g. entry site tears). Proliferative vitreoretinopathy 

does not occur in the absence of rhegmatogenous retinal detachment. As with other 

forms of conservative therapy, marginal tumour recurrence can arise from invisible 

tumour remnants in the adjacent uvea. I therefore perform adjunctive brachytherapy a 

few weeks after the endoresection if histology shows high- grade malignancy. A major 

concern is that of tumour dissemination around the vitreous cavity, but my impression 

is that this occurs only if local tumour recurrence occurs in the sclera or uvea and if 

the treatment of such recurrent tumour is delayed [11]. As with transpupillary ther-

motherapy, retrobulbar tumour extension can occur from intrascleral tumour deposits, 

but this is rare [12]. Episcleral, subconjunctival tumour seeding can occur, but with an 

incidence of less than 1%. Some authors have advocated neo- adjuvant radiotherapy 

because they are concerned about seeding and metastasis. The rarity of local recur-

rence after endoresection suggests that few patients benefit from such radiotherapy, 

which can cause significant morbidity. There is scope for randomised trials comparing 

endoresection with and without such radiotherapy, but such studies would be difficult 

to perform because of the rarity of endoresection.

On hearing about the complications of endoresection and of radiotherapy, some 

patients with juxtapapillary melanoma opt for enucleation, which is performed in the 

usual manner.

Large, Choroidal Melanoma

The choice of treatment for tumours exceeding 5 mm in thickness is complex. My 

preference is proton beam radiotherapy, which is less invasive than transscleral local 

resection, more reliable than ruthenium plaque radiotherapy and less likely than 
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iodine plaque brachytherapy to damage the optic nerve and fovea (unless of course 

the tumour extends close to these structures). Transscleral local resection is more 

likely to be selected if there is a high risk of severe, exudative, retinal detachment 

and neovascular glaucoma, as indicated by a large tumour size and/or extensive 

retinal detachment. Local resection is also preferred if proton beam radiotherapy 

is likely to cause canalicular damage and epiphora because the tumour is located 

inferonasally. Conversely, I tend to select proton beam radiotherapy if resection 

is expected to be difficult because the tumour has a narrow base, or if it involves 

more than 1 clock hour of the ciliary body or if it has a bulky, posterior, extra-

 ocular extension. Other contraindications to surgical resection include: poor gen-

eral health precluding hypotensive anaesthesia, diffuse melanoma and optic disc 

involvement. If patients with any of these conditions are also considered unsuitable 

for proton beam radiotherapy, they are treated by enucleation. Other centres treat 

large choroidal melanomas with various forms of brachytherapy or with stereotactic 

radiotherapy [13].

Ciliary Body Melanoma

With ciliary body tumours, treatment selection is based mostly on the extent of 

involvement of the ciliary body, iris and angle as well as on the tumour thickness. 

Transscleral resection has the advantage of providing tissue for diagnosis and prog-

nostic studies and is therefore my preferred option [14]. However, local resection 

is likely to cause excessive morbidity if the circumferential tumour spread exceeds 

2 clock hours or if the extent of iris involvement would require excision of the iris 

sphincter. Surgical resection is difficult if the tumour is thin and is more likely to 

be complicated by local recurrence if the tumour margins are diffuse. These fea-

tures are therefore indications for some form of radiotherapy. Proton beam radio-

therapy provides a uniform dose of radiation to the tumour and allows modulation 

of the beam so as to minimise radiation of the cornea and lens. Brachytherapy may 

be more convenient for patients living far from Liverpool, but requires two surgical 

procedures and delivers relatively high doses of radiation to the cornea and sclera, 

thereby increasing the chances of keratopathy and scleral necrosis, particularly with 

thick tumours.

Iris Melanoma

Iridectomy can cause troublesome photophobia and a significant cosmetic defect. 

Although these are treatable with a cosmetic contact lens, pupilloplasty or an artificial 

iris implant, I prefer proton beam radiotherapy [15]. This avoids the problems of an 

iris coloboma and is simple to administer. Proton beam radiotherapy is also possible 
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with extensive iris tumours and good results can follow treatment of the entire ante-

rior segment. Cataract is to be expected after such treatment and glaucoma can also 

develop, possibly requiring a drainage procedure, which should be safe if the tumour 

is sterile [16]. Some patients develop limbal stem cell deficiency. Some authors there-

fore harvest limbal stem cells before starting the radiotherapy, replacing these cells 

once the treatment has been completed. I prefer to adopt a wait- and- see approach, 

with the possibility of performing an autograft of limbal stem cells from the fellow 

eye, although so far this has not been necessary. Patients are informed that experience 

with proton beam radiotherapy of extensive iris melanomas is limited so that long-

 term outcome is uncertain. Others have reported on brachytherapy of iris melanomas 

using customised plaques [17].

Method of Treatment Selection

There is no consensus about how patients should be counselled about the various 

therapeutic options. Some ocular oncologists follow a ‘paternalistic’ approach, rec-

ommending their preferred treatment to the patient, even if outcome data on rival 

techniques are lacking. This method is believed to instil confidence and reassurance 

in patients who are said to expect such decisive advice from the specialist. I prefer a 

more consensual way of selecting treatment, exploring the patients’ needs, wishes and 

fears and sharing with them any uncertainties about which rival treatment is most 

likely to be successful. I do not wish to imply that my methods are superior in any 

way. This important aspect of care merits further investigation not only with regard 

to treatment but also with respect to prognostication [18].

I will briefly describe my technique for treatment selection. The patient is seated 

before me, with my desk at my right elbow. Any relatives are invited to sit next to 

the patient. I first describe the eye and the tumour, reporting the tumour size and 

location, and this is done with the aid of a plastic model of the eye and with photo-

graphs, which are displayed on a large computer screen on the desk. Next, I explain 

what might happen if the tumour is left untreated and define what I consider to 

be the objectives of treatment. At this point, I explain that the survival probabil-

ity depends on the tumour’s genetic abnormalities, emphasising that a significant 

proportion of tumours have already metastasised by the time they are diagnosed 

and treated. Patients are informed that the type of ocular treatment is unlikely to 

influence life expectancy if the tumour has already spread. I emphasise that enu-

cleation is therefore unlikely to improve their survival prospects as compared to 

conservative forms of treatment. I also mention that ocular treatment may prevent 

the onset of metastatic spread if such spread has not yet occurred. It is explained 

that an unknown proportion of uveal melanomas never develop metastatic capabil-

ity, even if left untreated. I then proceed to describe what I consider to be the best 

treatment for the patient I am speaking to, discussing the logistics and the likely 
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outcome. If there is equipoise between two or more forms of treatment, I discuss 

the advantages and disadvantages of each treatment. I then ask patients about their 

priorities and concerns and the best treatment for the individual concerned usually 

becomes clear. When patients cannot make up their mind, I ask them probing ques-

tions, such as how they might feel if a particular complication occurred, how much 

they mind travelling to and from the oncology centre for treatment and follow- up 

assessments, how they would feel if the eye ever needed to be removed, and so on. 

The answers to these questions usually reveal the treatment that is most suitable 

for that patient. Rarely, the patient is unwilling or unable to decide what treatment 

to have and I then recommend a treatment. Some patients request more time to 

think about matters and this time is granted, of course, but only after asking for the 

patient’s tentative decision about treatment, emphasising that there is always the 

freedom to change one’s mind afterwards. A checklist including all major outcomes 

and complications is then reviewed, with estimates of the 10- year probability of 

each outcome being written on the form and discussed with the patient. The entire 

conversation is recorded using a digital or tape recorder, according to the patient’s 

preference so that a CD- ROM or audio cassette recording is given to the patient. 

Audits have shown that this practice is very popular with patients, helping them to 

remember what is said and enabling them to share information with relatives and 

friends who could not be present at their consultation [19]. Some patients have 

even passed on their recording to their family doctor or referring ophthalmolo-

gist, thereby empowering their practitioner to provide them with better care and 

advice. I suspect that these recordings may even have prevented misunderstandings 

that might have resulted in unfounded dissatisfaction or complaint. Immediately 

after my consultation, the patient is escorted to an adjacent room by a nurse, who 

ensures that the patient has a good understanding of the situation, confirms that all 

the patient’s needs are met, and provides information leaflets relevant to the indi-

vidual’s condition and treatment. Finally, all patients receive copies of the report 

sent to the referring ophthalmologist and family doctor, with this document stat-

ing the selected treatment and the reasons for such selection. After treatment, all 

patients are invited to complete a quality of life questionnaire on the anniversary 

of their treatment so that in time it will be possible to understand how patients 

feel after various forms of ocular treatment according to the outcomes that are 

achieved. Such information should in future inform decision- making when select-

ing treatment.

Summary and Conclusions

In summary, when selecting treatment for uveal melanoma, it is first necessary to 

decide between treatment and non- treatment. Next, one needs to choose between 

enucleation and ocular conservation. If treatment is to be conservative, then it is 
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necessary to select between radiotherapy, resection and phototherapy and various 

combinations of these modalities. Treatment needs to be tailored to the size and loca-

tion of the tumour, the secondary effects of this tumour on the rest of the eye, the 

status of the fellow eye and the patient’s needs, wishes and fears.

Although it is desirable for treatment selection to be evidence based, the required 

evidence is either inadequate or completely lacking. This is because of the logistical 

difficulties preventing randomised studies of treatment versus non- treatment, enu-

cleation versus conservative therapy, and of one type of conservative treatment versus 

another. The Collaborative Ocular Melanoma Study is widely regarded as confirming 

that iodine plaque radiotherapy is as effective as enucleation in prolonging life; how-

ever, the sample size, although impressive, was insufficient because many patients 

already had metastases at the time of treatment (as evidenced by their short survival 

times) and many others had a non- lethal tumour (as indicated by recent studies on 

genetic typing of uveal melanoma) [20]. Future studies investigating the impact of 

ocular treatment on survival will need to include only patients whose prognosis can 

be estimated according to clinical stage, histological grade and genetic type. Another 

limitation of the published literature is the lack of standardised methods for defin-

ing tumour dimensions and extent and for measuring outcomes. There is also much 

variation in the way that the different treatments are undertaken. As for quality of life 

studies, these have tended to merge all patients into one cohort whereas it is likely that 

different age groups and sexes will each respond in a particular manner. Furthermore, 

quality of life is determined not only by the type of treatment that is administered but 

also whether or not such treatment is successful in conserving vision and preventing 

local recurrence. To my knowledge, patient- centred outcomes have not been reported 

according to these factors.

For these reasons, in many patients, the selection of treatment for uveal melanoma 

is necessarily based on inadequate data. In other words, the choice of treatment is 

to some extent a gamble rather than the rational decision one would like to have. 

Yet, there are few guidelines for coping with uncertainty when planning patient care. 

There is scope for comparing different methods of treatment selection and assessing 

these in terms of patient satisfaction with this process.

From what I have heard from my patients, I have gained the impression that there 

is a tendency for practitioners to mention only the therapeutic modalities that are 

available in their clinic or hospital, without discussing forms of treatment that are 

available only at distant locations. For example, I recently saw a patient who had 

been offered plaque radiotherapy at another centre but who asked to be referred to 

Liverpool only because she wanted treatment without delay (there being staff sick-

ness at the other centre). In Liverpool, she was dismayed to discover that proton 

beam radiotherapy had not been mentioned to her at the previous hospital so that 

the consent she had given for treatment was not as informed as she would have liked. 

Some might argue that there is no point in mentioning treatments that are not avail-

able locally as this might upset patients who cannot afford to travel abroad for such 
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therapy; however, such an egalitarian approach does not give due choice to those 

who have the means to obtain specialised treatment elsewhere. This is a controver-

sial subject that merits further study so that useful guidelines and recommendations 

can be prepared.

In conclusion, treatment selection for uveal melanoma is difficult, not only because 

of the wide variety of clinical scenarios and the range of therapeutic options but also 

because there is so little guidance on the decision- making process, particularly when 

scientific evidence is lacking. In this chapter, I have discussed my personal approach 

to treatment selection and identified scope for improvement in this important aspect 

of patient care.
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Abstract
Brachytherapy is the most common method for treating uveal melanoma, and currently the ruthe-

nium- 106 (Ru- 106) and iodine- 125 (I- 125) applicators are the most frequently used. Ru- 106 applica-

tors were introduced by Prof. Peter Lommatzsch in the 1960s, and since then have been used widely 

by many ocular oncologists, mainly in Europe. The Ru- 106 isotope is a beta ray (electron) emitter, and 

as such it has a limited depth of penetration. This is the reason why many experts use Ru- 106 appli-

cators for tumors with a maximal thickness of up to 7.0 mm, although others use it successfully for 

thicker tumors. The Ru- 106 applicators are manufactured commercially and have a half- life of about 

1 year. Ru- 106 brachytherapy for uveal melanoma provides excellent local control rates and eye 

preservation with a relatively low recurrence rate. The main advantage of Ru- 106 over other isotopes 

is the better preservation of vision in the treated eye, and less damage to the healthy parts of the eye 

due to its limited range of radiation. This can also be achieved by positioning the Ru- 106 plaque 

eccentrically, away from the macula and optic nerve head. Ru- 106 brachytherapy can be used in 

combination with other methods of treatment of uveal melanoma, such as local resection or trans-

pupillary thermotherapy, and is sporadically combined with other isotopes, such as gamma- emitting 

cobalt- 60 and I- 125. Copyright © 2012 S. Karger AG, Basel

Although alternative methods of treatment have existed for the past 80 years, enucle-

ation was the most common way of treating uveal melanoma until the late 1970s. 

Over the last 3 decades, enucleation has largely been replaced by ‘conservative’ meth-

ods, aiming to destroy the primary uveal melanoma while conserving the eyeball and 

as much useful vision as possible.

Among the conservative methods, brachytherapy is the one most commonly 

used. Brachytherapy (the Greek term ‘brachy’ means ‘short distance’) is local irra-

diation, using implanted radioactive material either within or close to the treated 

tumor. In 1930, Foster Moore [1] initiated brachytherapy as a modality for treating 

ocular tumors by intraocular insertion of radon seeds. Stallard [2] followed him, 

using radon for the treatment of retinoblastoma, and, in 1939, introduced cobalt- 60 
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 (Co- 60) applicators for the treatment of choroidal melanoma [3]. For 4 decades, Co- 

60 was the main nuclide used for successfully treating intraocular tumors. However, 

the high energy of Co- 60 caused unwanted biological effects, adversely affecting the 

healthy tissues of the treated eye and exposing the medical personnel to irradiation. 

Another isotope was needed, and indeed ruthenium- 106 (Ru- 106) [4], iodine- 125 

(I- 125) [5], strontium- 90 [6], palladium- 103 [7], gold- 198 [8] and iridium- 192 [9] 

were introduced to ocular oncology. Currently, Ru- 106 and I- 125 are by far the most 

commonly used applicators.

Prof. Peter Lommatzsch introduced the application of Ru- 106 plaques in East 

Germany, and started using them for the treatment of uveal melanoma in 1964 [4]. 

He first used Ru- 106 plaques for the treatment of choroidal melanoma [10, 11] and 

then for ciliary body melanoma [12]. Prof. Lommatzsch investigated the morpho-

logical and functional changes of the Ru- 106 radiation on rabbit eyes [13] and subse-

quently the effect of this radiation on various anatomical parts of the treated human 

eyes [14– 17]. He summarized the results of his long experience in a series of papers 

[18– 21]. Many ocular oncologists, mainly in Europe, followed his path and have used 

the Ru- 106 applicators routinely.

The Ru- 106 Applicator

The Ru- 106 isotope is a beta ray (electron) emitter with a half- life of 373.59 days 

[22– 28]. Gamma radiation contributes only 1% to the total dose of radiation. Ru- 

106 decays to rhodium- 106 while emitting beta rays with a maximum energy of 39 

keV. Rhodium- 106, with a half- life of 36 s, decays to palladium- 106 with a maximum 

energy of 3.54 MeV and mean energy of 1.5 MeV, providing the effective therapeutic 

irradiation.

In manufacturing the Ru- 106 applicators, the radionuclide is homogeniously 

deposited on a thin silver foil by electrolysis. This radioactive target is then placed on 

a 0.9-mm-thick silver plate and sealed by a 0.1-mm silver sheet, facing the direction 

of the eyeball. This cover has almost no absorption effect on the beta ray emission, 

while the silver on the convex side absorbs more than 95% of the radioactivity. The 

diameter of the 16 different types of applicators varies from 11 to 25.4 mm, with a 

spherical radius of 12– 14 mm (fig. 1). The nominal activity of the Ru- 106 applicators 

ranges between 4.1 and 40.3 MBq, equal to 0.11– 1.09 mCi, depending on the size and 

shape of the applicator.

Most uveal melanomas are treated by round applicators with various diameters. 

Notched plaques have been designed for treating tumors next to the optic nerve head, 

while crescent- shaped plaques have been designed for anterior tumors, involving the 

ciliary body and/or iris periphery, in order to prevent irradiation of the cornea.

The Ru- 106 applicators have an inactive edge at the peripheral margin, which is 

reported to be about 0.7– 0.8 mm. The dose rate falls significantly near the periphery, 
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and within about 1 mm of the applicator edge the dose is about 60– 70% of the center 

value.

While being manufactured by Isocommerz (Berlin, Germany) using the ASMW 

specification (ASMW is the standardization office of the former German Democratic 

Republic), the relative distribution of activity on the plaque surface was measured only 

on a few points, and the dose measurements were very inaccurate. The uncertainty, as 

indicated by the manufacturer’s specifications, was ±30%. Since the 1990s, the Ru- 106 

applicators have been produced by Eckert & Ziegler BEBIG GmbH (Berlin, Germany) 

and new developments in dosimetry have been realized. From 2002 on the calibration 

of the Ru- 106 applicators has been based on the NIST (National Institute of Standards 

and Technology, USA) primary standard for absorbed dose to water for beta radia-

tion sources. The current expanded measurement uncertainty of the absolute values 

is ±20% (95% confidence level) with consideration of a 15% contribution from the 

NIST calibration (BEBIG).

The dose rate of Ru- 106 at the time of calibration by the manufacturer is about 110 

mGy/min or about 660 cGy/h at a depth of 1 mm, depending on the type of applica-

tor. Because of the low penetration of electrons, there is a rapid dose falloff. At a depth 

of 3 mm, the dose rate is about 60 mGy/min, about 30 mGy/min at a depth of 5 mm, 

and about 10 mGy/min at a depth of 10 mm, which is less than 10% of the dose rate 

Fig. 1. 16 types of Ru-106 eye applicators (Source: Eckert & Ziegler BEBIG GmbH).
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at a depth of 1 mm. That means that in order to give the routinely planned dose of 

80– 100 Gy to the apex of the tumor in case of a tumor with a height of 8 mm, the 

sclera and the tumor base will receive more than 10 times more irradiation. Since the 

half- life of the Ru- 106 is about 1 year, after 52 weeks, the dose rate is reduce to about 

50%. This means that in order to achieve the planned dose, the treatment time should 

be double the time necessary when using a new applicator. According to the manu-

facturer’s instructions, the maximal useful life of the applicators is 18 months, and the 

number of possible sterilization cycles is restricted to 50.

The low range of the electrons emitted by the Ru- 106 applicators limits the depth 

of their penetration into the treated tissue. On the other hand, it has the advantage of 

sparing the surrounding healthy tissue inside and around the eye, and is important 

for radiation protection of the medical personnel who handle the applicator, and only 

minor safety precautions have to be undertaken. Reprocessing prior to usage can be 

easily performed in an autoclave using the dedicated sterilization container.

The Use of Ru- 106 Applicators for Uveal Melanoma

Indications and Doses

Brachytherapy is the most common conservative method of treating uveal, mainly 

posterior uveal, melanoma. Technically, radioactive applicators can be applied to 

tumors in almost all locations in the eye, except for tumors that grow over or into the 

optic nerve. However, tumor size limits the use of these applicators, and when tumors 

are ‘extra large’, with a diameter of 20 mm or larger and/or a thickness of 10 mm or 

more, most experts will recommend enucleation of the tumor- harboring eye.

I- 125 applicators with deeper radiation penetration have been used by many, 

including the COMS group, for tumors up to 10 mm in height [29]. Ru- 106 applica-

tors, with their more limited depth of penetration, are usually used for tumors with a 

maximal thickness of up to 7.0 mm [30, 31], in order to achieve 100 Gy to the tumor 

apex, without exceeding 1,000 Gy to the tumor base. Some experts calculate a mini-

mal dose of 300– 400 Gy to the tumor base, even if the tumor apex will receive more 

than 100 Gy [31], while for thick tumors, others calculate 1,000 Gy or even up to 

1,500 Gy to the base, even if the tumor apex will receive less than what is considered 

to be a tumoricidal dose (80– 100 Gy) [31, 32].

Surgical Techniques

Accurate measurement of the tumor dimensions is very important for selection of the 

appropriate size and shape of the applicator and for calculation of the irradiation dose 

and delivery time. The tumor basal diameter is measured by funduscopy and fundus 
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photography, preferably by using a wide- angle camera, and by B- scan ultrasonogra-

phy. The tumor thickness is measured by A- scan, or, if not possible, by B- scan and 

high- frequency ultrasonography, or a combination thereof.

The surgery for positioning the plaque over the treated tumor can be performed 

under either local or general anesthesia. A 360° or partial peritomy is used to expose 

the sclera in the tumor area. If the tumor is located under a rectus muscle insertion, 

the muscle should be disinserted after placing sutures to the muscle tendon and mea-

suring the knot- to- limbus distance. Some surgeons disinsert a rectus muscle even 

if its insertion is not over the tumor base, in order to facilitate their approach to the 

tumor, mainly when the tumor is located posteriorly. When the tumor is in the pos-

terior pole, the inferior oblique muscle has to be disinserted in order to enable good 

positioning of the applicator.

The tumor margins are identified by transpupillary or transscleral transillumi-

nation, or by indirect ophthalmoscopy with indentation, and are marked by a pen 

or with an electrical photocoagulator. In many centers, the planning of the Ru- 106 

plaque positioning is done with the help of a metal nonirradiating plaque, identi-

cal in size and shape to the irradiating plaque, or by a plastic template that enables 

transillumination through a hole in the template for locating the plaque [31]. Several 

experts use intraoperative ultrasound to confirm the positioning of the template or 

the plaque [33] and others use postoperative ultrasound, taking into consideration 

that the eye movements, muscles and optic nerve can push the plaque slightly [34]. 

When the tumor is close to the fovea or optic nerve, in trying to protect vision, Ru- 

106 applicators can be positioned eccentrically in relation to the tumor, aligning the 

posterior edge of the plaque with the posterior tumor margin, relying on the side 

scatter radiation to treat the tumor margins; this also results in good tumor control 

[31, 35; Pe’er, unpubl. data]. After positioning the plaque, rectus muscles that had 

been disinserted are repositioned and the conjunctiva is closed. If an inferior oblique 

muscle was disinserted, it is usually left unattached.

When the calculated dose of irradiation has been delivered, the Ru- 106 plaque is 

removed in a second surgery, usually after 2– 10 days. The patient is invited for clini-

cal examination after a couple of weeks, but the response of the tumor to irradiation 

can be seen and evaluated only after 2– 3 months. Life- long follow- up is needed, and 

in most centers the recommendation is for patient evaluation, either in the ocular 

oncology center or by the patient’s ophthalmologist, every 6 months.

Results of Ru- 106 Brachytherapy

Local Tumor Control

Ru- 106 brachytherapy for posterior uveal melanoma provides excellent rates of local 

control and eye preservation. Over 96% of the treated tumors respond by a decrease 
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in tumor height; the initial rate of the decrease is approximately 3% per month [36]. 

Most of the tumors do not regress entirely; rather, after 18– 24 months, their height 

stabilizes on an average value of about 60% of the initial height according to one 

study [36], and on about 70% after 36 months according to another study [37]. Large 

tumors have a faster initial decrease in height and stabilize at a lower percentage of 

their initial height as compared to small tumors. When following up the tumors by 

A- scan ultrasonography, the internal reflectivity of the uveal melanoma increases 

significantly after Ru- 106 brachytherapy from a mean of 30– 40% before therapy 

to 60– 70% after 2 years [36, 37]. Larger tumors which initially had a lower inter-

nal reflectivity show a slower increase in internal reflectivity compared to smaller 

tumors.

Although most uveal melanomas treated with Ru- 106 brachytherapy exhibit a sig-

nificant reduction in size, histological evaluation of such irradiated tumors shows, 

in addition to necrosis and scarring, that most of these tumors harbor viable tumor 

cells [19, 38– 40]. Using immunohistochemical markers such as PC- 10 for PCNA and 

MIB- 1 for Ki- 67 cells showed proliferating activity [40– 42]. However, this activity 

was significantly lower in tumors that responded well to brachytherapy and did not 

regrow, compared to tumors that regrew or were not treated by irradiation at all [40].

Tumor Recurrence

The tumor recurrence rate following Ru- 106 brachytherapy varies significantly among 

ocular oncology centers. The recurrence rate was as low as 3– 4% in some studies [31, 

43] and as high as 11% [44, 45] and 16% [46] in other studies. Tumor recurrence can 

happen as early as a year and as late as 10 years after a good response. The main risk 

factor for tumor recurrence is tumor size, its largest diameter and tumor thickness, 

although tumor location, mainly posterior location, is also of importance. The differ-

ence in tumor recurrence can be explained, among other factors, by tumor selection. 

While in many centers Ru- 106 brachytherapy is limited to tumors with a maximal 

thickness of 5– 7 mm, other centers may treat thicker tumors, instead of enucleating 

them up front [31, 32] (fig. 2). Tumor recurrence was not found to be associated with 

radiation dose or radiation rate to the tumor base or apex.

Whenever possible, tumor recurrence will be treated by additional brachytherapy, 

but in those cases with significant recurrence, mainly when the tumor shows a diffuse 

pattern or when the primary dose of irradiation has already been high, the eye will be 

enucleated.

Tumor recurrence is one of two main reasons for enucleation after brachytherapy; 

the other one is ocular complications, as will be discussed later in this chapter. The 

post- Ru- 106 brachytherapy enucleation rate varies among ocular oncology centers, 

ranging from 4.4% after 5 years [43] to as high as 17– 18% [30, 47], similar to the 

results of the COMS group [48].
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Visual Outcome

Conservative treatment of uveal melanoma is aimed not only at preserving the eye 

globe but also, whenever possible, at preserving vision. The loss of visual acuity fol-

lowing brachytherapy depends on several risk factors; the most important ones are 

reduced initial visual acuity before treatment, and the distance between the posterior 

tumor margins and the vital ocular structures –  the fovea and the optic nerve head 

[30, 35]. Other important risk factors for losing vision are increased tumor height, 

older age, and a temporal tumor location [35]. The importance of the total dose to 

the tumor apex and base and the influence of dose rate on the visual acuity following 

brachytherapy are controversial [30, 35].

Most centers limit the use of Ru- 106 applicators to tumors not higher than 7 mm, 

but it seems that despite this limitation, the visual acuity results differ among cen-

ters. In a follow- up of up to 10 years in one center [49], a visual acuity of 6/21 or bet-

ter was found in 27%, 6/60 or better in 41% and finger counting in 82% or better of 

eyes. Another study [30] with a follow- up of 5 years showed that 31% of the patients 

retained a visual acuity of 6/12 or better, and 49% retained a visual acuity of 6/60 or 

better. A third study [35] achieved much better results after 9 years of follow- up, in 

spite of treating tumors of similar size, reaching a visual acuity of 6/12 or better in 

55%, 6/60 or better in 57% and finger counting or better in 83%. These good results 

were probably achieved by this group as well as by others [50] because they posi-

tioned the Ru- 106 applicators eccentrically in treating tumors that are located close 

to the macula and optic nerve head (fig. 3). Using eccentrically positioned applica-

tors enables preservation of vision even when treating uveal melanoma thicker than 

8 mm by Ru- 106 applicators, with 70% of them achieving a visual acuity of 6/60 or 

better in the eyes that were preserved [32]. When the visual acuity results of Ru- 106 

a

Fig. 2. a A large choroidal tumor in the right eye, measuring 9.3 mm in maximal height. b The same 

tumor after Ru- 106 brachytherapy, stabilized at a maximal thickness of 4.2 mm and after a follow- up 

of 5 years.

b
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brachytherapy are compared to I- 125 brachytherapy, treating tumors of similar size, 

a better preservation of visual acuity was observed in the Ru- 106 patients [26, 35, 44, 

51]. This can be explained by the fact that Ru- 106 plaques emit beta rays, which have 

a more limited range than the I- 125 gamma source, and thus provide a significantly 

lower dose to the lens, macula and optic nerve head [26].

Survival

Survival after treatment of uveal melanoma probably does not depend on the 

method of treatment, but rather on many clinical, histological and genetic risk fac-

tors, which are beyond the scope of this chapter. Probably the most important clini-

cal risk factor is tumor size. A meta- analysis of 5 case series of patients treated by 

Ru- 106 brachytherapy [52] showed a 5- year melanoma- related mortality rate of 6% 

for small and medium tumors and 26% for large tumors. In the same study, 5-  and 

10- year melanoma- related mortality rates for a balanced set of small, medium and 

large tumors were 14 and 22%, respectively. Other studies showed an overall 5- year 

melanoma- related mortality rate of 16 and 14% [47, 53] and a 5- , 10-  and 15- year 

melanoma- related mortality rates of 11.4, 17 and 23%, respectively [45]. These results 

are somewhat better than the results in the COMS study [54]. Some studies find a 

relationship between mortality and Ru- 106 brachytherapy failure [47], but other 

studies do not find such a relationship [45, 53]. One study on the impact of dose rate 

in Ru- 106 brachytherapy found significantly less metastases in patients with tumors 

treated with a higher dose rate (>4 Gy/h) than in those treated with a lower dose rate 

(<4 Gy/h) [26].

Fig. 3. a A choroidal melanoma in the right eye, close to the macular area. b The melanoma was 

treated successfully by positioning of the Ru- 106 applicator eccentrically, in order to protect the 

fovea. The tumor height decreased from 3.1 to 1.1 mm, and the visual acuity remained at 6/6 6.5 

years after treatment.

a b
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Complications

As happens after irradiating the eye for treating intraocular tumors by other sources, 

complications also occur in some eyes after Ru- 106 brachytherapy, although at lower 

percentages as compared with I- 125 brachytherapy and proton beam radiation [44]. 

The most common complications are cataract, radiation retinopathy and maculopa-

thy, irradiation optic neuropathy, vitreous hemorrhage, and iris neovascularization 

(rubeosis iridis) leading in most cases to neovascular glaucoma.

Cataract related to Ru- 106 brachytherapy is the most common complication, and 

in one study its 2- , 3-  and 5- year probability was 21, 27 and 37%, respectively [55]. 

The development of cataract is related to the tumor location in the anterior part of 

the choroid and ciliary body, when the lens is affected by direct irradiation, and to the 

tumor size since larger tumors receive higher doses of radiation. Cataract surgery can 

be performed to cure the radiation cataract.

Iris neovascularization was detected in 12% of the irradiated eyes after Ru- 106 

brachytherapy [55]. Since it depends on retinal ischemia, it was found to be related 

to the tumor size, mainly the largest basal tumor diameter. The extent of the retinal 

detachment accompanying the tumor, and especially persistent retinal detachment, 

can also be a risk factor. Most of the eyes with iris neovascularization develop neovas-

cular glaucoma, and according to one study, the cumulative 2- , 3-  and 5- year prob-

ability for neovascular glaucoma was 4, 11 and 21%, respectively [55].

Vitreous hemorrhage is diagnosed sometimes at the time of tumor diagnosis, but 

more frequently may develop after treatment with brachytherapy. It was found to be 

related to tumor size, mainly its height, and the cumulative 2- , 3-  and 5- year prob-

ability was 9, 17 and 24%, respectively [55]. Most vitreous hemorrhages following 

brachytherapy clear spontaneously, but extensive hemorrhage may require vitrec-

tomy. A need for surgical intervention may indicate a poor prognosis for salvaging 

the eye.

Radiation maculopathy is diagnosed when retinal vascular changes are identi-

fied, such as microaneurysms, hemorrhages, microinfarcts and lipid exudation in the 

macular area. Macular edema is also commonly seen, and ocular coherent tomogra-

phy enables the diagnosis of edema in its early stages. Diabetic patients are at greater 

risk for developing radiation maculopathy. Radiation maculopathy may develop 

several months after brachytherapy, but usually develops 1– 2 years after treatment. 

In one study, the 2-  and 3- year probability of developing maculopathy after Ru- 106 

brachytherapy was 15 and 30%, respectively [55]. A posterior location of the mela-

noma and its proximity to the fovea are the main risk factors for developing radiation 

maculopathy. In recent years, radiation maculopathy is often being treated by intra-

vitreal injections of bevacizumab (Avastin) or ranibizumab (Lucentis), as is done in 

other vascular maculopathies, with good results [56; Pe’er, unpubl. data]. Periocular 

injections of triamcinolone were shown by one group to be highly effective in pre-

venting postbrachytherapy macular edema [57].
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Radiation optic neuropathy is less common than radiation maculopathy, and the 

2-  and 3- year probability was found in one study to be 10 and 12%, respectively [55]. 

The proximity of the tumor to the optic disk margin is the main risk factor for the 

development of optic neuropathy, which rarely develops when the posterior tumor 

margin is located more than 4 mm from the optic disk.

Scleral melting following Ru- 106 brachytherapy is seen almost only in the anterior 

sclera, over the ciliary body, when using a high dose of irradiation to the sclera. Scleral 

melting over choroidal melanoma is extremely rare. In the past, eyes with significant 

scleral melting were enucleated, but currently, since it was found that the most exter-

nal part of the irradiated tumor is the most necrotic, enucleation is performed less 

frequently and the eye can usually be conserved. A possible management for scleral 

melting is scleral graft.

Motility disorders may be complications of brachytherapy, although usually they 

are temporary and resolve within several months [58]. These disorders are more fre-

quent when a muscle has to be disinserted during surgery for implantation of the 

radioactive plaque. When the treated eye is a seeing eye, diplopia can result, although 

it is almost always temporary and no treatment is needed.

The development of complications after Ru- 106 brachytherapy is less common than 

after I- 125 brachytherapy and proton beam radiation, probably because of the more 

limited distance of the beta radiation. One study showed that the mean dose to the 

macula, optic nerve head and lens was 18, 53 and 89% less, respectively, with Ru- 106 

compared to I- 125 [27]. Complications to the eyelid and ocular surface, as sometimes 

seen after proton beam radiation, are rarely observed after Ru- 106 brachytherapy.

Ru- 106 Brachytherapy for Iris Melanoma

Melanoma of the iris alone, or iridociliary melanoma, can be treated very effectively 

by Ru- 106 brachytherapy [59]. In such cases, small round applicators or crescent-

 shaped applicators are commonly used. Complications after radiation to the iris and 

ciliary body are usually confined to the anterior segment. Corneal erosions can occur 

temporarily, and peripheral corneal opacity can result. Cataract is obviously very 

common, occurring in most of these patients. Irradiation to the anterior segment 

often causes anterior uveitis, which should be treated in advance by high doses of 

corticosteroids and cycloplegics, in order to prevent its complications.

Combined Use of Ru- 106 Brachytherapy with Other Treatment Modalities

Ru- 106 applicators are usually used alone for the treatment of uveal melanoma, but 

in some centers they have been used in combination with other known modalities of 

treatment for uveal melanoma.
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Combined Ru- 106 brachytherapy and transpupillary thermotherapy for treating 

uveal melanoma is sometimes used, and is termed ‘sandwich therapy’ [60]. It may 

have several advantages, as the two methods of treatment are complementary to each 

other. This combination enables the treatment of thick tumors by treating the apex 

with transpupillary thermotherapy, reducing the tumor height, and making it pos-

sible to use a lower dose of irradiation via the Ru- 106 applicator. Transpupillary ther-

motherapy can be complementary to brachytherapy when there is a suspicion that the 

tumor margins are not properly covered by the Ru- 106 applicator or if recurrence in 

the tumor periphery is suspected [31].

Ru- 106 brachytherapy can be used as a complementary treatment for uveal mela-

noma after external or internal local tumor resection, in order to eradicate any pos-

sible tumor remnants in the sclera which could cause local recurrence [61, 62].

Combined binuclide applicators of beta- emitting Ru- 106 and gamma- emitting 

Co- 60 or I- 125 are rarely used [63, 64]. The purpose of such a combination is to have 

the advantage of the relatively higher dose of gamma radiation to the tumor apex with 

a higher dose of beta radiation to the tumor base, achieving a high dose to both while 

minimizing collateral damage to the uninvolved ocular tissue.

Conclusions

Ru- 106 brachytherapy provides an excellent rate of local control of uveal melanoma 

and a high rate of eye preservation with a relatively low rate of recurrence. Because of 

the limited depth of penetration of the beta rays (electrons), many experts use Ru- 106 

applicators for tumors with a maximal thickness of up to 7.0 mm. However, others 

use it successfully for thicker tumors. The main advantage of the Ru- 106 over other 

isotopes is the less damage it causes to the healthy parts of the eye and the better 

preservation of the vision in the treated eye. This can be enhanced by positioning the 

Ru- 106 applicator eccentrically, away from the macula and the optic nerve head. Ru- 

106 brachytherapy can also be used in combination with other methods of treatment 

of uveal melanoma.
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Abstract
Proton beam irradiation of uveal melanoma has great advantages compared to brachytherapy 

because of the homogenous dose delivered to the tumor and the possibility of sparing normal tis-

sue close to the tumor. We describe the technique of proton beam therapy including the surgical 

technique of clip positioning, the radiotherapy delivery technique and the dose administered (60 Gy 

cobalt relative biological effectiveness in 4 fractions). Indications of proton beam are given and the 

follow- up procedure is described. An inactive residual tumor scar is observed after 2– 3 years. Results 

are given comparing the most recent series of patients treated at the Institut Curie- Orsay proton 

therapy center with the data published in the literature. The metastasis rate at 10 years varies 

between 25 and 30%. Local control is excellent. The local recurrence rate at 10 years is usually around 

5%. Secondary enucleation is performed in 10– 15% of patients either due to complications or local 

recurrence. Complications such as retinal detachment, maculopathy, papillopathy, cataract, glau-

coma, vitreous hemorrhage and dryness are described. The severest complication that usually leads 

to secondary enucleation is neovascular glaucoma and it is encountered after irradiation of large to 

extra- large tumors. The toxic tumor syndrome has recently been described. It is hypothesized that 

the residual tumor scar may produce proinflammatory cytokines and VEGF leading to intraocular 

inflammation and neovascular glaucoma. Additional treatments after proton beam such as transpu-

pillary thermotherapy, endoresection of the tumor scar or intravitreal injections of anti- VEGF may 

reduce the rate of these complications. Copyright © 2012 S. Karger AG, Basel

The treatment of uveal melanoma by radiotherapy was popularized by Stallard [1] who 

started to use cobalt plaque brachytherapy in the 1950s with encouraging results.

In the 1970s, Zimmerman et al. [2] showed that enucleation of the eye does not 

prevent metastatic dissemination compared to conservative management of uveal 
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melanoma. Since then treatment by brachytherapy or accelerated heavy particles has 

been used extensively in this disease.

Proton beam therapy of uveal melanoma has been used in Boston by Gragoudas 

and his group [3– 5] since 1975 and in Villigen by Zografos and his group [6] since 

1983. In France, two proton beam therapy centers started to treat uveal melanoma 

in 1991, one in Nice and one in Orsay [7, 8]. Later on, other proton beam therapy 

centers became available in Clatterbridge, Berlin [9] and more recently in Catana [10] 

in Italy. Over the past 30 years, thousands of patients have been treated in all these 

centers and the results have been published in the literature.

Compared to brachytherapy and to fractionated stereotactic radiotherapy [11], 

proton beam therapy has the advantage of delivering a homogenous dose of radiation 

to the entire tumor. This is due to the physical properties of accelerated proton beam 

which delivers the dose precisely with a sharp decrease after the delivery point called 

the Bragg peak [8, 12] (fig. 1). This is particularly important for uveal melanoma 

because this tumor is relatively radioresistant and needs a high dose of radiation [13]. 

That is why uveal melanoma cannot be treated by standard photon irradiation of the 

whole eye, as the necessary high dose of irradiation of the entire globe would induce 

severe damage.

Technique of Proton Beam Therapy for Uveal Melanoma

The principle of proton beam therapy derives from the physical properties of acceler-

ated proton (the Bragg peak) [12]. The accelerated proton delivers all its energy at a 

precise point and there is very little radiation around and behind this point. It is then 

possible to deliver a high dose of radiation to the tumor while sparing the normal 
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tissue. Nevertheless it is important to keep in mind that the radiation dose at the 

entrance of the beam is quite high, especially for large tumors (irradiation of the lac-

rimal gland for tumors located at the superotemporal quadrant can induce the sicca 

syndrome). The sparing of normal tissue is effective on the sides and posterior part of 

the tumor. This sparing of normal tissue is particularly important for organs like the 

eye and the brain which have radiosensitive tissues [14].

The first step to treat uveal melanoma with proton beam is radiological spotting of 

the tumor by clip positioning. During a surgical procedure, tantalum rings of 2.5 mm 

in diameter with two holes in the middle are sutured to the sclera around the tumor 

base that has been visualized by transillumination of the globe. The conjunctiva is 

opened at the limbus in the area of the tumor. Traction sutures are placed on 2 or 3 

rectus muscles according to the size of the tumor. Transillumination of the globe gives 

a precise location of the tumor base (fig. 2). If the tumor is thick, the surgeon has to 

move the transillumination probe (fig. 3) around the tumor to really differentiate the 

base of the tumor from projection of the apex. If the tumor is an amelanotic mela-

noma, it is usually possible to see a pigmented line at the periphery of the tumor. If the 

tumor is amelanotic and posterior to the equator, it is sometimes necessary to use the 

indirect ophthalmoscope to localize the tumor and evaluate the clip- tumor distances.

It is useful to remove the lid retractor when putting the most posterior sutures 

in the sclera to have enough room. In this way, sutures can be placed as far as 22 

mm from the limbus. When we put the clips, we try to delineate every side of the 

tumor (using 4– 5 clips, one on each side), but for the most posterior ones, only the 

anterior sides can be delineated. In this case, usually only 3 clips can be positioned 

close to the tumor and another clip is put more anteriorly to avoid mistakes in the 

planning of therapy (this is called the clip for the twist). When the clips are securely 

sutured to the sclera, we again use transillumination in most cases and sometimes 

Fig. 2. Scleral transillumination.
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indirect ophthalmoscopy to measure the clip- tumor edge distances. We then measure 

the clip- limbus distances and the distances in between the clips. These measurements 

are critical for the subsequent computerized eye and tumor reconstruction. We then 

close the conjunctiva.

The patients are discharged from the hospital the following day. It is important to 

explain before surgery that they may have some discomfort for several days. Swelling 

and redness are frequent. Some patients may also complain of diplopia secondary to 

muscle trauma which regresses within a few days.

Proton beam therapy is planned and performed 2 weeks after surgery. The treat-

ment technique used in Orsay has been described previously [7, 15– 17]. Head immo-

bilization during radiotherapy is ensured by a custom- made thermoplastic mask (fig. 

4) associated with a bite block. All the data collected during surgery (axial length, clip 

measurements, tumor diameter, tumor thickness) are sent to the physicist in charge 

of the planning of the therapy. This planning includes the determination of the radia-

tion field volume, which requires collaboration between ophthalmologists and the 

physicist. It is mandatory to have good pictures of the fundus, ultrasonography of 

the eye and biometry. The EYEPLAN software [18] is used for dosimetry based on 

three- dimensional reconstruction of the eye, including the tumor. Tumor margins are 

drawn by the referring center ophthalmologist and verified by the radiation oncolo-

gist. The optimal dosimetric eye position is determined according to the following 

criteria: total irradiation of the tumor surrounded by a safety margin of 2.5 mm and 

reduction of the dose delivered to the lacrimal gland, macula, optic disk and lens in 

decreasing order of priority. The irradiated volume is the tumor volume plus a safety 

margin of 2.5 mm around the tumor. This safety margin takes into account the pos-

sible imprecision of clip positioning, the risk of undetectable tumor extension or of 

eye movements during irradiation. If necessary, this safety margin can be increased 

Fig. 3. Transillumination 

probe.



Treatment of Uveal Melanoma by Accelerated Proton Beam 45

to 3 or 3.5 mm when the localization of the tumor is difficult. This is the case when 

there is ciliary body involvement, nevus of Ota with diffuse pigmentation preventing 

the transillumination or infiltrating melanoma.

Beam characteristics are selected to place the 90% isodose 2.5 mm behind the 

tumor. The lateral collimator border defines the site of the 50% isodose. During treat-

ment, patients are seated on a robot chair facing the beam and are asked to fix a small 

target light placed at a known angle adopted during the treatment planning process. 

As the beam remained horizontal the patient is moved into the treatment position. 

The robot chair can be moved in all directions and angles with a precision of about 

0.1 mm and 0.1°. An attempt is made to keep the eyelids out of the beam’s field using 

lid retractors. Before each irradiation session, clip positions are verified by orthogo-

nal X- rays, and the chair is then moved to the correct position. The fixed gaze is 

monitored using a magnifying camera. Irradiation is suspended whenever the eye 

shifts from the right position and is restarted only after the eye has returned to the 

optimal position.

The accelerated proton beam has a low linear energy transfer and a relative bio-

logical effectiveness (RBE) of 1.1. The irradiation dose chosen by Gragoudas et al. [5] 

was 70 Gy RBE- weighted absorbed dose in 5 fractions. It was shown in a randomized 

study that there was no statistical difference in the recurrence rate between 50 and 

70 Gy RBE [19]. The dose used in Lausanne, Orsay, Berlin and Catana is 60 Gy RBE 

in 4 fractions. In the eye, the lens is the most radiosensitive tissue. The retina and 

optic disk are not very radiosensitive but most of the radiation side effects are due to 

endothelial vascular damage causing vascular occlusions. We therefore try to spare 

the macula and optic disk from radiation whenever possible. The radiation antitumor 

effects, such as radiation tissue toxicities, depend on the total dose fractionation [20]. 

The biological effect of a 60- Gy dose given in 4 fractions is higher than the same 60- 

Fig. 4. Patient in treatment 

position.
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Gy dose given in more fractions [20]. Despite the relatively radioresistant reputation 

of uveal melanoma, there are very few radioresistant cases when using this protocol.

Indications

Theoretically all uveal melanomas can be treated by accelerated proton beam. 

Nevertheless when large or thick tumors are treated this way, the chances of preserv-

ing vision and the globe are very low [21]. We usually do not treat tumors of more 

than 20 mm in diameter or tumors of more than 12 mm in thickness but there are 

exceptions. If the tumor is less than 15 mm in diameter, proton beam irradiation 

combined with endoresection of the residual tumor can give good results in terms of 

eye preservation, even if the tumor is thick.

Small anterior tumors can be treated by ruthenium or iodine plaques with good 

results for the centers that have these techniques available [22].

For large anterior tumors that are located in the superotemporal quadrant, we pre-

fer to use iodine plaques instead of proton beam to spare the lacrimal gland.

The general status of the patient sometimes does not allow using proton beam. 

Comprehension and cooperation of the patient is necessary. Patients who have a 

psychiatric disease or mental retardation should preferentially be treated by plaque 

brachytherapy.

Evolution of the Tumor following Proton Beam Irradiation

The cytotoxic effect of proton beam is obtained by causing DNA damage. Cell death 

arises later during mitotic division [23]. Following proton beam irradiation, we 

observe a slow regression of the tumor in most cases and this is due to the existence 

of prolonged intermitotic phases in these tumors. This also explains the presence of 

images of mitosis in pathology reports of eyes enucleated due to complications but 

with no sign of tumor recurrence [24, 25]. This can also be studied using the Ki- 67 

index [26]. It has been shown that the number of mitotic figures possibly observed 

decreases with time [27]. Some of the tumor cells continue to divide several times 

despite lethal DNA damage from irradiation before cell death.

After proton beam irradiation, some of the tumors are changed into a flat scar (fig. 

5, 6) but most of them regressed with a residual inactive tumor scar of several mil-

limeters [28]. Like Professor Zografos [29], we have observed that amelanotic tumors 

tend to regress quicker and that all tumor scars are usually more pigmented than the 

initial tumor. In our experience, it is possible to observe an increase in thickness of 

some tumors of 1 or 2 mm immediately after proton beam irradiation followed by a 

decrease in thickness 2 or 3 months later. This transient increase in thickness may be 

due to edema following radiation.
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In a few patients, it has been observed that a late rupture of Bruch’s membrane 

with necrotic tissue can mask a recurrence.

Ultrasonography of the eye usually shows that the echogenicity of the tumor scar 

is higher than that of the initial tumor [30]. When Doppler imaging is performed, it 

shows regression and then disappearance of intratumoral vessels.

Local control of uveal melanoma is considered as the absence of tumor growth. 

To evaluate the tumor volume it is safe to use fundus photography for the diameter 

and ultrasonography for the thickness. These exams are easy to perform and can 

be done at each visit. Most tumors slowly decrease in size over a period of 2 years 

and then the residual tissue remains unchanged. It has previously been shown that 

Fig. 5. Achrome melanoma 

before proton beam therapy.

Fig. 6. Same patient after pro-

ton beam therapy.
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a rapid decrease in tumor thickness is a sign of a more aggressive tumor with higher 

metastatic risk [31]. From the data collected in our database, we know that most 

recurrences occur during the 3 years following radiation therapy. There are 3 types 

of recurrences [32]: (1) recurrence at the border is probably due to an insufficient 

radiation dose at the border following errors in the planning of the therapy or in the 

irradiation delivery; (2) recurrence in the inferior periphery, distant from the initial 

tumor, may be due to migration of tumor cells in retinal detachment; careful exami-

nation of the inferior periphery should be made at each postirradiation control; (3) 

recurrence in the field of radiation due to radioresistance may be responsible for the 

late recurrences (more than 10 years after irradiation) and is rarely observed in this 

disease.

Follow- Up of Patients

Patients at the Curie Institute are checked every 6 months for 2 years and then once 

a year for 10 years. They are advised to see their local ophthalmologist in between. 

Ultrasonography of the liver is performed routinely every 6 months. Because of an 

increasing number of patients in the follow- up clinics, we have decided more recently 

to see the patients less often as soon as the time where recurrences occur has passed: 

after 3 years of follow- up, we see them only twice, i.e. at 5 and 10 years. However, we 

still advise them to see their local ophthalmologist every 6 months.

Most ophthalmologists dealing with uveal melanoma have a database. At the Curie 

Institute, the database was started in 1983 [33] when uveal melanomas were treated 

by cobalt plaque brachytherapy. Information concerning the initial findings (tumor 

dimension and location, ciliary body involvement, retinal detachment, iris color), 

local treatment, and the follow- up data (survival, metastasis and secondary enucle-

ation, thickness of the tumor scar and ocular side effects) is collected prospectively. 

In 2008, with financial support of the national cancer institute (INCA), the database 

was extended to all centers treating uveal melanoma in France. To date, 5,724 patients 

have been included in this French database.

Results of Proton Beam Therapy

We recently analyzed patients treated for uveal melanoma at the Curie Institute and 

at the Orsay proton therapy center between October 1991 and October 2006 (mini-

mum follow- up 4 years). I shall give you the results of this study (not yet published 

data) and compare these results to the results published in the literature. Survival 

rates were determined using Kaplan- Meier estimates. Prognostic parameters were 

analyzed using the logrank test (univariate analysis) and Cox model (multivariate 

analysis).
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Initial Findings

The study included 2,413 treated patients with a median age at diagnosis of 61 years 

ranging from 14 to 95 years. There were equal numbers in both genders (sex ratio 

0.99). For 1,207 patients, we obtained information on the iris color, which was blue in 

52%, green in 14% and brown in 31% with green and brown in 3%.

The tumor was localized anterior to the equator in 3%, crossing the equator in 

39% and posterior to the equator in 57%. The ciliary body was involved in 8% of 

cases. Median tumor diameter was 13.7 mm and median tumor thickness was 4.7 

mm. According to the new TNM classification [34], there were 414 T1, 398 T2, 1,172 

T3 and 420 T4 tumors.

Retinal Detachment

A retinal detachment was present at diagnosis in 26% of cases. The tumor was touch-

ing the optic disk in 7.4% of cases. There was extrascleral extension in 1.3% of cases. 

(We showed in a previous study that eyes presenting with localized extrascleral exten-

sion can be treated conservatively with proton beam with good results [35].) Initial 

visual acuity was less than 20/200 in 14%, from 20/200 to 20/40 in 49% and better 

than 20/40 in 37%. The median follow- up of the patients was 98 months (range 1– 175 

months).

Survival

When we looked at overall survival, 30% of the patients were dead. The 5- year sur-

vival rate was 79%. In a multivariate analysis, the binary risk factors that significantly 

correlated with survival were male versus female gender [hazard ratio (HR) = 1.35, p 

< 0.001), age at diagnosis ≥60 years versus <60 years (HR = 2.67, p < 0.0001), tumor 

diameter ≥15 mm versus <15 mm (HR = 2.02, p < 0.0001), tumor thickness >5 mm 

versus ≤5 mm (HR = 1.52, p < 0.0001), retinal detachment (HR = 1.27, p = 0.006) and 

tumor location anterior or on equator versus posterior (HR = 1.27, p = 0.008).

Metastases

We observed that 22% of patients developed metastases. The 5- year metastasis rate 

was 18.5% and the 10- year rate was 26.6%. Significant risk factors for the development 

of metastases in a multivariate analysis are: retinal detachment (HR = 1.48, p < 0.001), 

tumor location anterior or on equator versus posterior (HR = 1.73, p < 0.0001), tumor 

diameter ≥15 mm versus <15 mm (HR = 2, p < 0.0001), tumor thickness >5 mm 
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versus ≤5 mm (HR = 1.62, p < 0.0001), age at diagnosis ≥60 years versus <60 years 

(HR = 1.49, p < 0.0001) and local recurrence (p < 0.0001). Table 1 gives the metastatic 

rate at 5 and 10 years after treatment of uveal melanoma by accelerated proton beam 

as published in the literature [29, 36– 38]. In all these series, the 10- year metastatic 

rate is between 25 and 30%. This is less than the 10- year mortality rate observed after 

enucleation but an explanation for this is that the tumors treated by proton beam are 

smaller, so their survival prognosis is better.

Local Control

With regard to local control, 4.3% of patients developed a local recurrence. Ten per-

cent of these recurrences were distant recurrences due to migration of tumor cells in 

retinal detachment. The 5- year local recurrence rate was 4% and the 10- year rate was 

5%. Multivariate analysis shows that a tumor diameter ≥15 mm versus <15 mm (HR 

= 2.97, p < 0.0001) and retinal detachment (HR = 1.65, p = 0.02) are significantly 

correlated with local recurrence. Table 2 gives the percentage of recurrence in pub-

lished series after treatment of uveal melanoma by proton beam [15, 32, 38– 40]. Local 

control is most of the time excellent, being around 95% at 10 years. Local recurrence 

occurs mostly during the first 3 years of treatment but can also occur more than 10 

years after treatment. Thus follow- up should be frequent during the first 3 years with 

fundus exam every 3 months, and an annual fundus exam should be maintained for 

life.

In case of local recurrence, treatment depends on the status of the globe and the 

size and position of the recurrence. In our center, 75% of recurrences are treated by 

enucleation. A second treatment by proton beam can be performed in selected cases 

but the patient has to be aware that a second irradiation increases the risk of radia-

tion complications and atrophy of the globe. Treatment of the recurrence by trans-

pupillary thermotherapy (TTT) can sometimes be performed in case of very limited 

recurrence.

Table 1. Metastatic rate after proton beam therapy for uveal melanoma

Reference; year Patients, n 5- year metastatic rate, % 10- year metastatic 

rate, %

Egan et al. [36]; 1998 1,541 15 25

Courdi et al. [37]; 1999 538 23 (7.5 years)

Egger et al. [39]; 2001 2,258 16 31

Dendale et al. [15]; 2006 1,406 19

Caujolle et al.[38]; , 2010 886 13 24

CPO Orsay [unpublished data]; 2010 2,413 19 27
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Secondary Enucleation

A total of 256 eyes (10%) underwent secondary enucleation. With a median follow-

 up of 98 months, 181 patients were enucleated due to complications and 75 due to 

recurrence. Multivariate analysis of eyes enucleated due to complications showed that 

the significant risk factors were tumor thickness >5 mm versus ≤5 mm (HR = 5, p < 

0.0001) and, to a lesser extent, tumor diameter ≥15 mm versus <15 mm (HR = 1.64, 

p = 0.003). It is interesting to note that in this cohort of patients the tumor diameter 

and the tumor thickness are of equal importance for survival and metastases, but for 

local recurrence the diameter seems more important and for secondary enucleation 

the thickness is more significant. The reason for enucleation in patients enucleated 

due to complications was glaucoma in most cases or a painful nonseeing eye. Table 3 

gives the secondary enucleation rates after proton beam irradiation as published in the 

literature [36, 41].

Complications

With regard to complications, we saw that with 98 months of follow- up, patients 

had loss of lashes in 12%, retinal detachment in 8.5%, and glaucoma in 23.4%. 

Forty- eight percent of the patients had lens opacities or cataract and 15% had had 

Table 3. Secondary enucleation after proton beam therapy for uveal melanoma

Reference; year Patients, n 5-year rate, % 10-year rate, %

Egan et al. [36]; 1998 1,541 8 11

Egger et al. [41]; 2003 2,645 11 14

CPO Orsay [unpublished data]; 2010 2,413 10 (98 months)

Table 2. Local recurrence rate after proton beam therapy for uveal melanoma

Reference; year Cases, n 5- year rate, % 10- year rate, %

Gragoudas et al. [32]; 1992 1,077 3

Egger et al. [39]; 2001 2,435 4 (1989–1993), 1.1 (1993–2001)

Gragoudas et al. [40]; 2002 1,992 3 4

Dendale et al. [15]; 2006 1,406 4

Caujolle et al. [38]; 2010 886 6 8

CPO Orsay [unpublished data]; 2010 2,413 4 (98 months)
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cataract surgery. Dry eye was observed in 6%, keratitis in 7%, vitreous hemorrhage 

in 8%, optic neuropathy in 18%, active inflammation in 1% and maculopathy in 

37%.

Retinal Detachment

Retinal detachment, if present at diagnosis, usually had a tendency to increase during 

the first months after proton beam irradiation, especially with large tumors. It can also 

appear after irradiation even if it was not present at diagnosis. It usually disappears 

within 3 years. It has recently been shown by Professor Zografos, using wide- angle 

angiography, that if there are more than 3 quadrants of retinal detachment, there is a 

high risk of peripheral ischemia and neovascular glaucoma (EVER meeting 2010).

Neovascular Glaucoma

Neovascular glaucoma, glaucoma and inflammation are possibly linked to what is 

called ‘the toxic tumor syndrome’. It is thought that the irradiated tumor scar, especially 

for thick tumors, is responsible for the secretion of cytokines leading to inflammation 

[42] and of VEGF leading to neovascularization of the anterior segment [43– 45]. The 

ischemic retina may also be the origin of developing neovascularization. Neovascular 

glaucoma is a major reason for enucleation after proton beam irradiation of uveal mela-

noma. It usually appears between 2 and 5 years after radiation therapy. The size of the 

tumor and the persistence of retinal detachment are the most frequent predisposing 

factors [46]. Associated therapies can be applied after proton beam to try to prevent 

neovascular glaucoma. When neovascular glaucoma is present, it is important to con-

trol the pressure to avoid pain, enucleation and evolution to globe atrophy. The use of 

antiglaucomatous and anti- inflammatory medication can be useful. Filtering surgery is 

most often very disappointing and excessive cryotherapy to the ciliary body usually leads 

to severe atrophy of the globe. More recently [47], intravitreal injections of anti- VEGF 

have been used and are often very useful allowing regression of the neovascularization 

and improvement of the status of the globe. Nevertheless, if the neovascular glaucoma 

is associated with cataract, synechia and pain and the fundus cannot be observed any 

more due to opaque media, it may sometimes be necessary to enucleate the eye.

Cataract

Cataract is the most frequent complication in most series [6, 48]. The radiosensitiv-

ity of the lens is high [49]. As irradiation by proton beam is localized to one quad-

rant, sector cataract is frequently observed in the irradiated quadrant. Cataracts due 

to radiation are more likely to be posterior capsular opacities while nuclear cataracts 

are not standardly linked to radiation but can be linked to the age of the patient. If 

the tumor is large and if the irradiation dose to the lens is important, most patients 

develop total white cataracts. In this case, we always recommend cataract surgery to 

be able to examine the fundus, even if no visual benefit can be obtained because of a 

macular or peripapillary location of the melanoma. It is usually mandatory to wait 2 
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years after proton beam irradiation prior to performing cataract surgery in order to 

observe a good regression of the tumor. Surgeons should be aware that the capsule 

is sometimes difficult to clean and that inflammatory reactions after surgery can be 

severer than for a standard cataract surgery.

Optic Neuropathy

Optic neuropathy is not due to direct toxicity of the radiation to the nerve fibers but 

to vascular endothelial cell damage causing vascular occlusions [50, 51]. It usually 

appears between 18 months and 2 years after the irradiation with a high risk (around 

50%) if the optic disk receives 100% of the dose. Patients may complain of sudden loss 

of vision and the fundus exam shows optic disk edema with hemorrhages and cotton 

wool spots. It is not known if anticoagulant medication could have a preventive effect. 

The treatment is difficult and most patients lose vision because of optic atrophy. If 

the angiograms show associated retinal ischemia, we recommend performing a pan-

retinal photocoagulation to avoid neovascular glaucoma. I have observed a case of a 

monophthalmic patient who was cured by intravenous heparin and subsequent oral 

anticoagulant medication for more than 10 years keeping 20/20 vision.

Radiation Maculopathy

Radiation maculopathy is also due to toxicity of the radiation to the vascular supply 

of the macula. It includes microaneurysms, cotton wool spots, telangiectasia, retinal 

hemorrhages, exudates and cystoid macular edema. Angiography shows areas of non-

perfusion, microaneurysms and exudation. Radiation maculopathy can occur within 

3 years following radiation, sometimes later. The visual loss depends on the severity 

of the maculopathy. Because of the small size of macular capillaries, radiation macu-

lopathy can occur with small doses of radiation. Slight maculopathies can be seen 

several years after proton beam therapy of hemangiomas with a dose of 20 Gy when 

the macula is in the radiation field. The treatment of radiation maculopathy is disap-

pointing. Intravitreal injections of corticosteroids or anti- VEGF drugs may improve 

the visual acuity in some patients but only for a short period of time. It is important to 

note that some patients treated by proton beam for uveal melanoma, especially large 

tumors, have macular alterations and cystoid macular edema even if the macula has 

not received radiation. This is probably due to other mechanisms like proinflamma-

tory cytokines production and intraocular inflammation.

Vitreous Hemorrhage

Vitreous hemorrhage is less frequent with proton beam than with plaque brachyther-

apy according to a prospective randomized study comparing these two methods of 

treatment [52]. Vitreous hemorrhage usually spontaneously resolves in a few weeks. 

If this is not the case, a vitrectomy procedure can be proposed in selected cases. 

Recurrence of the vitreous hemorrhage is possible but not standard. Recurrent vitre-

ous hemorrhage can be an indication to perform enucleation as it is not possible to 



54 Desjardins et al.

see the fundus and ultrasonography is difficult to interpret because of the echoes of 

the hemorrhage.

Visual Acuity

In our series of 2,413 patients with a median follow- up of 98 months, 58% of patients 

had a last noticed visual acuity of less than 20/200, while 42% had at least 20/200 and 

21% more than 20/40. Gragoudas et al. [19] showed in a randomized study that visual 

acuity was not influenced by the total delivered dose. After using 50 or 70 Gy, the per-

centage of patients with a visual acuity of 20/200 or more was 56% for 50 Gy and 54% 

for 70 Gy. The main factors responsible for visual loss after proton beam therapy are 

the tumor volume and the tumor location. Patients with tumors located close to the 

macula or optic disk have a high risk of having radiation maculopathy or papillopathy 

with loss of vision. Patients with large tumors are at a high risk of developing inflam-

mation and neovascular glaucoma.

Additional Treatments

Additional treatments are sometimes used after proton beam irradiation in order 

to improve globe preservation and if possible improve final visual results. For this 

purpose, we have used additional TTT and more recently surgical endoresection 

of the tumor scar and intravitreal injections of anti- VEGF drugs. We have used 

additional TTT after proton beam irradiation in two different circumstances. First 

we have used it to reduce the radiation dose to the macula if the tumor is close to 

it. Studies demonstrate [32, 39] that reduction of the security margin induces a 

higher risk of tumor recurrence. We included 10 patients in a pilot study where we 

reduced the security margin in the macular area from 2.5 to 1.5 mm, using TTT 

to the posterior margin of the tumor to avoid recurrences. All patients had a final 

good visual acuity except 1 who developed a branch vein occlusion. None of the 

patients presented with a recurrence. Since then, we have been using this technique 

in selected cases.

The second protocol was a randomized study using 3 applications of TTT 

after proton beam irradiation to try to avoid neovascular glaucoma [53]. We 

believed that applying TTT to the surface of the tumor scar might prevent the 

secretion of cytokines and VEGF. One hundred and fifty- one patients were ran-

domized and we showed that the group of patients receiving additional TTT had 

less secondary enucleation (p < 0.02). Applying TTT to the surface of the tumor 

scar is one way of preventing the tumor scar to be toxic. More recently, Bechrakis 

et al. [54, 55] described the association of surgical endoresection of the tumor scar 

after proton beam radiation. Endoresection was first described by Damato et al. 
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[56]. Some published cases showed that a massive intraocular recurrence can be 

observed if endoresection is preformed without any associated irradiation ther-

apy [57], and it seems to us safer to use it after proton beam irradiation, though 

some authors use it as a single procedure [58]. Indications to perform endoresec-

tion after proton beam irradiation are tumors that are less than 15 mm in diameter 

and more than 8 mm in thickness, not involving the optic disk or ciliary body. 

We have used this technique in 50 patients over the last 2 years with promising 

results.

In case of neovascular glaucoma, intravitreal or intracameral injections of bevaci-

zumab (Avastin®) can help as it usually induces regression of the neovascularization 

and decrease of ocular pressure [47].

Finally, it is important to have different options of additional treatments in case of 

large tumors. Some patients may benefit from TTT if they cannot have surgery.

Conclusion

Proton beam therapy of uveal melanoma is one of the best treatment modalities allow-

ing excellent tumor control and good survival. For patients with large tumors, addi-

tional work is necessary to continue to improve globe preservation, visual acuity and 

quality of life. Combined treatment modalities (radiotherapy + surgery, radiotherapy 

+ laser, radiotherapy + intravitreal injections of anti- VEGF) are promising but need 

to be evaluated in a prospective way.
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Abstract
Stereotactic photon beam irradiation has been under clinical investigation for the treatment of uveal 

melanoma for over 15 years. Single- fraction stereotactic radiosurgery (SRS) is usually done with a 

gamma knife as well as more recently with a cyberknife. The therapeutic single dose has been 

reduced to as low as 35 Gy over the past few years without reduction in tumor control. Doses of 40 

Gy delivered at the 50% isodose result in good local tumor control and acceptable toxicity. Since 

radiobiological studies indicate a possible advantage of hypofractionated treatment over a single 

very large fraction to sterilize uveal melanoma cell lines, fractionated stereotactic radiotherapy (SRT) 

has gained additional interest. Besides increased tumor control, toxicity should theoretically be 

reduced by fractionation. Linear accelerators (LINAC) have the advantage of a feasible fractionation. 

Most LINAC studies employ a hypofractionated scheme of 4– 5 fractions and total doses between 50 

and 70 Gy. The efficacy of SRT for uveal melanoma has been proven in different studies with local 

tumor control rates reported over 90%, 5 and 10 years after treatment. Radiogenic side effects after 

SRT are reported similarly to other forms of radiotherapy, with cataract development, radiation retin-

opathy, opticopathy and neovascular glaucoma being responsible for the majority of secondary 

vision losses and secondary enucleations. Overall, stereotactic photon beam radiotherapies (SRS 

and SRT) are considered effective treatment modalities for uveal melanoma, with promising late 

tumor control and toxicity rates. Additional studies and longer follow- up are indicated to finally con-

firm optimal treatment modalities. Copyright © 2012 S. Karger AG, Basel

Uveal melanoma is the most common primary malignant intraocular tumor in 

adults. Although this tumor was traditionally believed to be radioresistant, nowadays 

radiotherapy is the most convenient form of conservative treatment for this disease. 

Besides brachytherapy, teletherapy with proton and helium ion charged- particle irra-

diation has successfully been used for more than three decades.

Stereotactic irradiation techniques using photon beams have been under inves-

tigation for well over a decade for the treatment of uveal melanoma, with the first 

clinical reports of stereotactic external beam irradiation having been published over 
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15 years ago [1– 4]. The word ‘stereotactic’ is of Greek origin (στερεός ‘solid, firm, spa-

tial’, τάσσω ‘alignment, arrangement, ordering’). Regarding terminology, ‘stereotactic 

radiosurgery (SRS)’ refers to a treatment consisting of a single very large fraction, 

whereas ‘fractionated stereotactic radiotherapy (SRT)’ refers to a treatment using 

multiple fractions. A range of studies concerning stereotactic irradiation of uveal 

melanoma have been published, ranging from radiosurgical strategies with different 

doses (80– 35 Gy) to hypofractionated radiotherapeutic modalities (usually 4– 5 frac-

tions and total doses between 50 and 70 Gy). A major advantage of stereotactic pho-

ton beam radiosurgery/radiotherapy is the fact that usually no preliminary surgery 

is needed to localize the tumor, but tumor border delineation will be done by CT or 

MRI or, most recently, by image fusion, a combination of both. The tumor volume is 

depicted within a three- dimensional array facilitating treatment beam alignment.

Stereotactic photon beam irradiation can be performed using a gamma knife, a 

linear accelerator (LINAC) or a cyberknife.

Both SRS and SRT require techniques for ocular immobilization. These range from 

retrobulbar anesthesia, bridle sutures through the rectus muscles to retain the eye in 

position, to more sophisticated solutions, like vacuum suction cups for the gamma 

knife and TV camera systems with computer- assisted eye tracking and automatic gat-

ing for the LINAC.

In the following sections give an overview and discuss the different stereo- tactic 

photon beam treatment forms for uveal melanoma, as well as clinical results reported 

in the literature.

Gamma Knife

Originally introduced to treat intracranial tumors, the gamma knife was invented in 

the 1960s by the Swedish neurosurgeon Lars Leksell. The gamma knife itself consists 

of 201 fixed cobalt- 60 sources arranged in 5 concentric rings. These cobalt sources 

have a cylindrical form and have a specific activity of 1 TBq. To achieve irradiation 

of the selected target volume, the radiation emitted by the cobalt sources is aimed to 

a common focal point by a primary collimator. Secondary collimation using a colli-

mating helmet allows the adjustment of the gamma ray beam focus size. Thereby the 

radiation beams of the 201 cobalt sources are targeted towards the focus. Each indi-

vidual beam has relatively low energy, so the radiation has little effect on intervening 

tissue and is concentrated on the tumor itself. Thus irradiation of the selected volume 

is achieved while the surrounding tissue is exposed to irradiation to a much lesser 

degree. Experimental results of the successful treatment of melanoma in a rabbit eye 

model were reported by Rand et al. [5] in 1987. Long- term results of SRS for uveal 

melanoma using a gamma knife show satisfying tumor control with rates around 90% 

[6– 11]. However, secondary side effects are common. Haas et al. [12] found radiation 

retinopathy in as many as 84% of their patients who underwent SRS with a median 
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marginal dose of 50 Gy at a Leksell gamma knife unit. Severe forms of radiation opti-

copathy were found in 8.6– 20% of anterior and posterior melanomas [6, 9– 11]. Also, 

high rates of neovascular glaucoma occurrence were reported by many centers –  i.e., 

rates of up to 48%, depending on the total dose applied, tumor size and location [6, 

7]. Recent studies report lower incidences of radiogenic side effects by lowering the 

total irradiation dose to around 40 Gy and even 35 Gy at the 50% isodose [7, 11].

One main issue with gamma knife treatments in general is fixation –  due to a rigid, 

invasive stereotactic frame needed for target fixation, the possibility of fractionation 

is thereby limited. Although there are successful studies showing the benefits of a 

fractionated irradiation scheme in the treatment of uveal melanoma using the gamma 

knife [13], radiosurgery has remained the most widespread treatment form for this 

disease with this device. In the study mentioned above, our Vienna group prospec-

tively evaluated local tumor control and morbidity after 1– 3 fractions of stereotactic 

external beam irradiation in 62 selected patients with uveal melanoma, unsuitable for 

ruthenium- 106 brachytherapy or local resection. The mean initial tumor height was 

7.8 ± 2.8 mm. With the Leskell gamma knife stereotactic external beam irradiation, 

41 patients (66%) were irradiated with 2 equal fractions of 35, 30 or 25 Gy/fraction, 

14 patients (22%) were treated with 3 fractions of 15 Gy each, and 7 patients (11%) 

with small tumor volumes below 400 mm3 were treated with 1 fraction of 45 Gy. The 

mean total dose was 54 ± 8 Gy. The median follow- up was 28 months. Local tumor 

control was achieved in 98% and tumor height reduction in 97%. Seven patients 

developed metastases (11%). Secondary enucleation was performed in 8 eyes (13%). 

Morbidity was significant in tumors exceeding 8 mm in initial height and in smaller 

tumors, morbidity was acceptable and comparable to literature data. In a stepwise 

multiple Cox model, the high- dose volume irradiated with more than 10 Gy/frac-

tion was the strongest risk factor for radiation- induced inflammatory reactions. We 

concluded that especially fractionated stereotactic irradiation has potential as an eye-

 preserving treatment for uveal melanoma, and we initiated studies with LINAC frac-

tionated SRT.

Cyberknife

Cyberknife radiosurgery has been introduced in the 1990s by Prof. John R. Adler, 

MD [14] as a therapeutic modality in the treatment of intracranial lesions. It is a 

light- weighted LINAC- based radiosurgery system that uses image- guided, noninva-

sive fixation.

Peri- /retrobulbar anesthesia is performed for treatment planning and delivery in 

patients with uveal melanoma. So far, results are promising, albeit with a short follow-

 up and a low number of patients. Muacevic et al. [15] reported results of single- session 

treatments with 18– 22 Gy at the 70% isodose. A good tumor response and no local 

recurrences and secondary neovascular glaucomas were observed in 20 patients with 
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a median follow- up of 13 months. In another study by Zorlu et al. [16], a total dose 

of 60 Gy was prescribed in 3 daily fractions of 20 Gy each at the 80– 85% isodose con-

tour. So far, only preliminary results with 8 months of follow- up have been published 

by this group, with tumor regression observed in 3 of 5 patients and stable tumor size 

in the other 2 patients. No serious side effects were found in any of the patients [16]. 

Choi et al. [17] reported retrospectively on 6 patients treated with 3 fractions and a 

total dose of 36– 39 Gy. Although some side effects occurred, the authors concluded 

that this was a safe and effective treatment.

The initial results with the cyberknife are promising and show this to be a safe, 

efficient and convenient treatment form for uveal melanoma. However, studies with 

longer follow- ups and a higher number of patients are needed to assess definitive 

applicability of this therapeutic modality.

Linear Accelerator

Due to easier fixation systems, stereotactic irradiation of uveal melanoma using a 

LINAC is usually done as a hypofractionated radiotherapy. The advantage of frac-

tionation is the reduction of the radiation dose to the healthy structure in vicinity 

of the tumor possibly allowing radiation damage repair in organs at risk and reduc-

ing collateral side effects. Over time, different yet similar fixation systems have been 

developed for stereotactic irradiation of uveal melanoma using a LINAC. A com-

mon advantage is, that these fixation systems are noninvasive, thus increasing patient 

comfort, and allow reliable and reproducible immobilization of the target structures 

throughout the whole treatment [18– 21]. Considerable efforts have also been under-

taken to develop and optimize the immobilization of the eye during delineation and 

treatment [20, 22– 24]. Georg et al. [25] investigated the different collimation systems 

to optimize treatment beam conformation dose gradients. They evaluated the impact 

of a micro- multileaf collimator on LINAC- based SRT of uveal melanoma by compar-

ing circular arc with static conformal, dynamic arc, and intensity- modulated SRT and 

found that the conformal micro- multileaf collimator and dynamic arc SRT are the 

treatment options of choice for LINAC- based SRT of uveal melanoma. Another effort 

to improve dosimetric verification includes the introduction of a new radiochromic 

film (Gafchromic EBT) for multidimensional dosimetric verification for SRT treat-

ments [26]. De Pooter [27] recently investigated methods to optimize treatment plans 

for SRT and found that partially blocked cones resulted in comparably improved con-

formity. The technique was reported to be less complicated and verification less time-

 consuming than the dynamic arc or intensity- modulated radiotherapy techniques.

Treatment itself is usually delivered using 6 MV photon beams [24, 28, 29]. 

Different fractionation schemes were used in the beginning [30– 32]. Today, 4– 5 frac-

tions of 10– 12 Gy each at the 80% isodose are usually prescribed, even though some 

centers apply a higher dose of up to 14 Gy per fraction [28, 29, 33]. The first successful 
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results of uveal melanoma treatment with a LINAC were reported over 10 years ago 

[30– 32]. Studies with longer follow- up times were published in recent years –  so far, 

local tumor control rates appear promising with 90% and more after up to 10 years 

following treatment [28, 29, 33, 34].

Late secondary side effect rates in general are considered to be lower in these 

patients than in those treated with gamma knife radiosurgery: depending on follow-

 up duration, radiogenic retinopathy and opticopathy rates vary between 5 and 81 

and between 9 and 64%; neovascular glaucoma rates range between 5 and 42%, with 

the higher rates occurring in melanomas located in the juxtapapillary region and in 

patients with a higher treatment dose than 5 fractions of 10 Gy at the 80% isodose 

[24, 28, 29, 34]. Based on histological findings in eyes enucleated due to secondary 

neovascular glaucoma after hypofractionated SRT, Fernandes et al. [35] recently pos-

tulated that neovascular glaucoma is a secondary effect of radiation induced in the 

posterior segment of the eye rather than a primary radiation damage to the anterior 

segment. Recently, a study found a clear dose relationship between the median dose 

to the lacrimal gland and tear production and dry eye syndrome. A median dose of 

7 Gy/fraction to the lacrimal gland caused a 50% risk of low Schirmer results and a 

median dose of 10 Gy resulted in a 50% probability of dry eye syndrome [36].

Visual acuity usually declines gradually after teletherapy, especially when the 

tumor is closely located to important ocular structures such as the optic nerve or the 

macula [24, 28]. In tumors located more anteriorly, visual acuity changes were not 

significantly reduced 2 years after radiotherapy [29].

Discussion

Teletherapy is the most convenient form of treatment for uveal melanoma, especially 

if a brachytherapeutic approach is not possible due to unfavorable size or tumor loca-

tion. Charged- particle therapy, mostly with protons, was established over 30 years 

ago as an effective therapy for uveal melanoma [37]. In contrast, stereotactic irradia-

tion is still a ‘young’ technique in the treatment of uveal melanoma, being supported 

in the last decade by a number of long- term results showing favorable safety and effi-

cacy results. Theoretically, proton beam therapy is superior to current forms of ste-

reotactic irradiation techniques regarding dose deposition to ocular structures and 

to healthy tissues distal of the tumor, whereas the advantages of stereotactic irradia-

tion over charged particles are the lack of need for surgical placement of radiopaque 

markers before radiotherapy and the ability to perform treatment without expensive, 

large- scale facilities [38, 39]. Overall, high local tumor control rates of 90% and above 

can be achieved with stereotactic irradiation, which is comparable to charged- particle 

therapy [6, 10, 11, 13, 28, 29, 33].

Secondary complications are present in stereotactic irradiation modalities to 

various degrees: radiation side effects such as conjunctivitis, blepharitis or dry eye 
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syndrome are observed in some patients but can usually be treated efficiently [24]. 

Cataract development occurs in irradiated eyes –  however, exact long- term num-

bers for stereotactic treatments are difficult to determine and cataract can be treated 

effectively by surgery. Radiation retinopathy, opticopathy and neovascular glaucoma 

are present with all forms of stereotactic irradiation –  these complications are the 

most common cause of secondary vision loss; moreover, neovascular glaucoma is 

the most common cause of secondary eye loss [6, 11, 24, 28, 29, 33]. They appear 

most commonly in eyes with posteriorly located uveal melanomas. Hypofractionated 

SRT shows slightly more favorable results than gamma knife radiosurgery regarding 

these 3 late side effects, even though results are difficult to compare due to the lack of 

comparative studies [6, 11, 29]. New protocols with reduced gamma knife SRS doses 

(35– 40 Gy) may also improve outcomes. For cyberknife radiosurgery/radiotherapy, 

conclusions can only be drawn after longer follow- ups with more patients.

A comparison of all these results with well- established forms of radiotherapy, espe-

cially proton and helium ion teletherapy, is still difficult. For example, neovascular 

glaucoma rates after protons vary between 3 and 35%, after charged ions between 29 

and 42%, and after stereotactic photons between 5 and 35% [40]. Since these results 

not only reflect differences in treatment, but are also (to a large degree) influenced 

by the inclusion criteria, patient cohort, tumor characteristics, different lengths of 

follow- up, and different grading systems, it is not easy to draw final conclusions. So 

far, the proton results appear to be the ‘gold standard’ for intertreatment comparison 

and clinical results are to be compared with these results. Further studies will show 

whether further total dose reductions, fractionation schemes and even more localized 

treatment deliveries result in reduced secondary complication rates while maintain-

ing good local tumor control.

To summarize, we may say that SRS and SRT are interesting future treatment 

options for uveal melanoma. They are non-  or minimally invasive modalities, requir-

ing no clip implantation prior to irradiation. Within the last 10 years, they have 

proven to be effective in terms of local tumor control. SRS and SRT are easily acces-

sible, since gamma knife and especially LINAC facilities are frequent worldwide. As 

to public financing, SRS and SRT technologies offer an interesting approach in regard 

to cost- effectiveness.
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Local Resection of Uveal Melanoma
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Abstract
Local resection of uveal melanoma is aimed at conserving the eye and useful vision while removing 

any threat of metastatic spread. The tumour can be removed en bloc through a scleral opening (i.e., 

‘exoresection’) or in a piecemeal fashion with a vitreous cutter passed through the retina (i.e., 

‘endoresection’). Variations of exoresection include iridectomy, iridocyclectomy, cyclochoroidec-

tomy, and choroidectomy. Endoresection can be performed through a retinotomy or under a large 

retinal flap. Both exoresection and endoresection can be undertaken as a primary procedure, or after 

other conservative therapy as treatment for recurrent or toxic tumour. Each can be performed in 

combination with some form of radiotherapy, which can precede or follow the surgical resection. 

Endoresection should be relatively straightforward for experienced vitreoretinal surgeons; however, 

exoresection is more challenging, particularly with large and posterior tumours, because of the need 

for hypotensive anaesthesia and other measures to control intra- operative haemorrhage. In addition 

to their technical complexities, exoresection and endoresection are limited by intuitive concerns 

regarding iatrogenic tumour dissemination. When these obstacles are overcome, local resection pre-

serves eyes that would otherwise be inoperable and produces relatively large tumour samples, 

which are useful for prognostication and research and which may one day have therapeutic value.

Copyright © 2012 S. Karger AG, Basel

Surgical excision of tumours is the oldest and most common form of treatment for 

cancer; however, local resection of uveal melanoma is not widely performed, except 

for small iris and ciliary body tumours. This is because of technical difficulties and 

because of concerns that the surgical manipulations might disseminate tumour cells 

from the eye to cause metastatic death. However, these obstacles have largely been 

overcome, at least in some centres, thanks to developments in surgical technique and 

in our understanding of the metastatic process.

In this chapter, I describe the technical and theoretical developments that have 

culminated in the current state of the art of local resection. I will rely mostly on my 

personal experience of more than 600 exoresections and 60 endoresections, which I 

have performed over the past 26 years. I hope this article will encourage readers to 
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consider local resection when other forms of treatment are unlikely to conserve the 

eye and useful vision.

Iridectomy

Iridectomy has long been performed for iris tumours and in many centres it is still 

the first choice of treatment for such lesions; however, the coloboma causes significant 

morbidity [1]. The most significant advances have been the development of artificial 

iris implants and improvements in pupilloplasty [2]. This procedure is indicated for 

tumours involving up to a third of the iris and not extending to the angle. In 1994, I 

replaced iridectomy with proton beam radiotherapy, which avoids the problems of sur-

gical coloboma [3]. Such radiotherapy is not restricted by the extent of the tumour and 

has been used successfully to treat the entire anterior segment in patients with a diffuse 

melanoma. Some authors use customised radioactive plaques for this purpose [4].

There is a lack of consensus as to whether iris tumours should all be biopsied for 

prognostic studies.

Iridocyclectomy

As with iridectomy, this is an old operation, which is indicated for tumours involving 

the angle or ciliary body and with circumferential spread not exceeding 3 clock hours 

[5]. The standard approach is to perform broad iridectomy, after dilating the pupil, 

and then to extend the dissection posteriorly to include the ciliary body. Several years 

ago, I modified my technique, constricting the pupil pre- operatively and performing 

the dissection in a postero- anterior or circumferential direction. This makes it pos-

sible to conserve most or all of the iris in the affected sector so that the patient is left 

with a peripheral iridectomy and minimal visible external evidence of the procedure 

(fig. 1). Some have advocated the use of the Flieringa ring, but I have always managed 

well enough without this device.

My indications for iridocyclectomy have changed over the years with a swing 

towards proton beam radiotherapy followed by a return back to surgery again. The 

main advantage of surgical resection over radiotherapy is that it provides abundant 

tissue for diagnosis and prognostication, the scope of which has increased with 

advances in immunohistochemistry and genetic analysis [6].

Choroidectomy

This operation has always been controversial and still is, because of its technical diffi-

culties and because of concerns about iatrogenic tumour dissemination. It is therefore 
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performed only by a very small number of surgeons around the world. I started per-

forming this operation in 1984, when I was training with Wallace Foulds in Glasgow. 

His technique was similar to that of Stallard but his indications were less exclusive so 

that he performed local resection as a primary procedure irrespective of the status of 

the fellow eye [7, 8].

Previous Technique

When I was taught choroidectomy, the technique was as follows. Any extra- ocular 

muscles in the operative field were disinserted. The tumour was localised by 

a

Fig. 1. Right eye of a 32- year- old man with an inferotemporal iridociliary tumour. a Pre- operatively 

with a deeply pigmented tumour, which on ultrasonography measured 1.8 mm in diameter with a 

thickness of 1.1 mm. b After cyclo- iridectomy, showing conservation of the iris sphincter. The visual 

acuity of 6/6 was conserved. Histology showed the tumour to be a melanoma with epithelioid cells.

b
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transpupillary transillumination. A rectangular, lamellar scleral flap was then pre-

pared, hinged posteriorly. A sclerotomy was made with a feather blade and extended 

around the tumour with scissors, first anteriorly, then laterally and finally posteri-

orly. This incision was placed 1 mm within the external scleral incisions so as to cre-

ate a stepped wound edge, which facilitated closure of the eye. A choroidotomy was 

then made with a feather blade and extended with blunt- tipped, corneoscleral, spring 

scissors. If the tumour involved the ciliary body, iridocyclochoroidectomy was per-

formed. If the tumour was adherent to the retina, the two tissues were separated by 

blunt dissection, using spring scissors. The sclera was closed with 8- 0, interrupted 

virgin silk sutures. Gas tamponade was administered routinely. Brachytherapy was 

administered only if local tumour recurrence occurred, using a 20- mm ruthenium 

plaque. If a retinal tear occurred, the patient was kept under close observation and 

vitreoretinal surgery was performed only if retinal detachment occurred. At that time, 

Peyman et al. [9] were advocating a full- thickness scleral flap and Shields and Shields 

[10] preferred a circular scleral flap. Hypotensive anaesthesia was used to lower the 

systolic blood pressure to approximately 40 mm Hg.

In the 1980s, choroidectomy and cyclochoroidectomy rarely took less than 3 h 

to complete. Intra- operative and postoperative complications were frequent. The 

most common accidents were: incorrect location of the scleral window; bulging of 

the retina through the scleral window so that large retinal tears occurred when dis-

secting the posterior choroid; inadvertent retinal incisions when incising the deep 

sclera or uvea; retinal dialysis and detachment after cyclochoroidectomy, despite 

plombage and internal tamponade; retinal breaks occurring when separating the 

tumour from adherent retina; severe haemorrhage despite hypotensive anaesthe-

sia; subretinal haematoma developing during flap closure, and breakage of virgin 

silk sutures. Postoperatively, local tumour recurrence and retinal detachment were 

more common. In some patients, the detection of the recurrent tumour was delayed 

so that extra- ocular spread occurred, with multiple tumour nodules developing 

around the eye and orbit. Retinal detachment surgery often failed, not only because 

the surgical techniques were less advanced than they are today, but also because 

of severe proliferative vitreoretinopathy, which developed rapidly if treatment was 

delayed. For these reasons, many patients required secondary enucleation. Diplopia 

was another common problem, which was difficult to manage because of the thin 

sclera and the presence of extensive adhesions. Around 1986, Foulds introduced 

ocular decompression as a means of preventing retinal bulging during choroidec-

tomy and this made the tumour resection easier and safer; however, he advocated 

total vitrectomy, using the three- port system, which I found difficult and which 

was sometimes complicated by lens touch and other problems. Around the same 

time, Foulds and I introduced adjunctive brachytherapy, delivering a dose of 500 

Gy to the sclera using a 20- mm ruthenium applicator; however, this was abandoned 

because of complications, which included optic neuropathy, maculopathy and 

scleral wound dehiscence.
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Current Technique

Over the years, I have developed several modifications, which might seem trivial 

but which have made the operation easier and safer. The operating time has become 

shorter so that it is not uncommon for large procedures to be completed in less than 

100 min. I will briefly describe the most important developments in my resection 

technique.

The muscles in the operative field are disinserted, but only after measuring the 

knot- to- limbus distances, so that these measurements are the same when the muscles 

are re- attached. Oblique muscles are no longer re- attached but left loose. Thanks to 

these minor modifications, postoperative diplopia is now very rare.

The transillumination is now performed with a right- angled, 21- gauge fibre- optic 

light, which can be shone into the eye not only through the pupil but also transscler-

ally from the other side of the eye, thereby avoiding the penumbra, which with thick 

tumours used to exaggerate the apparent posterior tumour extent. When dissecting 

the lamellar flap posteriorly, a mark is made on the shaft of the Desmarres scarifier so 

that when this mark is aligned with the anterior tumour margin, the tip of the blade is 

located at the posterior tumour edge. This simple procedure ensures that the lamellar 

scleral dissection extends far enough posteriorly.

Over the years, I have changed the shape of the scleral flap so that it is now polyhe-

dral, with the radial incisions lateral to the tumour diverging posteriorly. The polyhe-

dral shape facilitates wound apposition during closure. The diverging radial incisions 

enhance access to the posterior part of the tumour so that they can be shorter, requir-

ing fewer sutures and saving time.

Only a limited vitrectomy is now performed and this is done through a single 

sclerotomy, using an O’Malley contact lens and light from the operating microscope, 

indenting the eye instead of using an infusion. This minimalist approach has proved 

quicker, easier and safer.

When the anterior edge of the flap is located along the limbus, as is necessary for 

cyclochoroidectomy, this edge is also stepped, like the other margins, thereby prevent-

ing wound leakage and hypotony. This is done by splitting the deep sclera into two 

layers and performing the lamellar dissection in an anterior direction into cornea.

The problem of persistent intra- operative haemorrhage despite hypotensive anaes-

thesia has diminished considerably since I started cauterising the short posterior cili-

ary arteries next to the optic nerve in the quadrant of the tumour. The first time I 

did this was with a patient (the sister of an eminent ophthalmologist) whose cerebral 

function deteriorated when the blood pressure was lowered. Closure of these blood 

vessels allowed me to complete the procedure without hypotension and the eye was 

saved with visual acuity of 6/12 (albeit with unilateral normal- tension glaucoma).

Instead of incising the deep sclera with the blade held perpendicular to the flat 

scleral surface, I now pinch the sclera with toothed microforceps and shave the 

scleral fold with the blade held tangential to the sclera. Furthermore, I abandoned 
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the incision technique for making the choroidotomy, instead grasping the uvea with 

two pairs of notched microforceps and pulling these apart until a rip occurred. These 

minor adjustments have eliminated inadvertent retinal tears during sclerotomy and 

choroidotomy.

Around 1999, it occurred to me that retinal dialysis and detachment might 

not occur if it was possible to conserve the ciliary epithelium over the pars plana. 

However, this seemed impossible as the ciliary epithelium is only two cells thick. I 

eventually solved this problem by abandoning iridocyclochoroidectomy and doing 

the operation back- to- front, that is, by performing choroidocyclectomy. This is done 

by making the choroidotomy posterior to the ora serrata, where the retina is relatively 

strong, then separating the pars plana epithelium from the uvea by blunt dissection, 

and snipping the uvea without allowing the scissors to touch the epithelium, lifting 

the uvea with microforceps. It has proved surprisingly easy to conserve the pars plana 

epithelium, and this has eliminated the common and severe complication of retinal 

dialysis (fig. 2).

The next major challenge was to avoid retinal breaks when separating tumour 

apex from adherent retina. This problem is more common with thick tumours, espe-

cially those that have ruptured Bruch’s membrane [11]. Counterintuitively, the key 

to conserving an intact retina is to use a Bard- Parker scalpel instead of attempting 

blunt dissection with closed scissors. I discovered this serendipitously when I started 

using a blade with the intention of ‘top- slicing’ the adherent tumour apex, leaving it 

on the retina and subsequently treating it with brachytherapy. I found that on scrap-

ing the tumour surface a few millimetres away from the retina, invisible strands were 

divided so that the retina peeled away from the tumour. This has proved to be a major 

advance, greatly reducing the incidence of rhegmatogenous retinal detachment.

The common problem of subretinal haematoma developing during scleral sutur-

ing has been resolved (to a large extent but not completely) by wedging two sponge 

Fig. 2. Intra- operative photograph during 

exoresection of an anterior choroidal mela-

noma, showing conservation of the ciliary epi-

thelium in the region of the pars plana.



72 Damato

cells hard against the eye so that they compress the uveal blood vessels posterior to 

the coloboma. Simultaneously, the intra- ocular pressure is increased by gently pulling 

on the traction sutures until the retina bulges slightly through the scleral window. It 

might seem a good idea to apply diathermy to the uvea, but this is associated with a 

risk of causing retinal burns and tears and is to be avoided.

When a retinal break occurs, this is treated by vitreoretinal surgery, which is done 

as soon as the scleral flap is closed. Such surgery is performed by a vitreoretinal col-

league, who performs full vitrectomy, evacuates any subretinal haemorrhage, flat-

tens the eye with heavy liquid, applies endolaser for retinopexy, and fills the eye with 

silicone. Such surgery is almost always successful in preventing retinal detachment. 

Gas tamponade, external plombage and the old ‘wait- and- see’ policy have all been 

abandoned.

The incidence of local tumour recurrence has diminished greatly since the re- 

introduction of adjunctive brachytherapy using a 25- mm ruthenium plaque. The 

20- mm applicator was not large enough, which in retrospect is not surprising con-

sidering the large basal dimensions of tumours treated by exoresection. Recurrent 

tumour now occurs only in areas that are not treated with the plaque, for example, 

if the tumour and hence the coloboma has an irregular shape curving around the 

optic disc. The radiotherapy does not prevent satellite recurrences in distant parts 

of the uvea, which are fortunately very rare [12]. The adjunctive brachytherapy is 

not without risks, which include: delayed wound healing and dehiscence; optic neu-

ropathy; cyclodialysis and hypotony, and scleral necrosis. These can be prevented 

by: using non- absorbable sutures for scleral closure; using a perforated template to 

facilitate proper plaque location and performing ophthalmoscopy while transillumi-

nating through the perforations; delaying brachytherapy by 1 month if cyclectomy 

is performed, and ensuring good conjunctival cover to avoid exposure of irradiated 

sclera.

The adjunctive brachytherapy not only prevents local tumour recurrence but also 

decreases postoperative morbidity by reducing the need for wide safety margins and 

therefore allowing more conservation of the iris and ciliary body.

Results

Several published articles report the results of choroidectomy, but these are now out 

of date [9, 10, 13– 15]. I recently reviewed the results of 112 primary exoresections 

for uveal melanomas involving choroid, which were performed between 2000 and 

2010 (fig. 3). An article is in preparation and data are still being collected. Briefly, 

the patients had a median age of 48 years. The tumours had a median diameter of 

15.3 mm and a median thickness of 8.5 mm with extension anterior to the ora ser-

rata in 41% and to within 3 mm of the disc or fovea in 16%. Eighty- eight percent of 

eyes were conserved with retention of vision of 6/60 or better in 58% and of 6/12 or 
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better in 30%. The main reasons for enucleation were tumour recurrence (5 patients), 

abandoned procedure (3 patients), retinal detachment (3 patients) and ‘other’ in 2 

patients. Local tumour recurrence and retinal detachment occurred in 11 eyes, 

some of which received no brachytherapy or were treated with a 20- mm applicator, 

which, as mentioned before, is now known to be inadequate. Rhegmatogenous reti-

nal detachment developed in 14 eyes with about 30% of these conserving vision of 

6/12 or better. Nineteen patients died, 16 of these as a result of metastatic disease. 

This study included some patients whom I considered unsuitable for local resection, 

because of advanced tumour or because hypotensive anaesthesia was contraindicated, 

but whom I felt obliged to treat conservatively because they had refused enucleation. 

One such patient had local resection without hypotension because she had the thalla-

saemia trait and the other had a large tumour with total retinal detachment touching 

the lens and with an intra- ocular pressure of 44 mm Hg. Good results were obtained 

in both patients. Serious anaesthetic complications have been rare, with 1 patient in 

the 1980s dying of pulmonary embolism (probably unrelated to the anaesthesia) and 

another, in 2010, developing a postoperative, cardiac arrest, from which he made a 

full recovery.

Current Indications

I currently perform primary exoresection for patients whose tumour is too thick for 

ruthenium plaque radiotherapy (i.e., with a thickness exceeding 5– 6 mm) and who 

are likely to develop canalicular damage or neovascular glaucoma after proton beam 

a

Fig. 3. Left fundus of a 51- year- old man with a superotemporal choroidal melanoma of the left eye, 

the tumour measuring 17.1 mm in basal diameter with a thickness of 7.4 mm. a Pre- operative pho-

tograph showing the dome- shaped tumour extending close to the fovea. The visual acuity was 6/18. 

b Fundus appearance on the second postoperative day, when the visual acuity was still 6/18.

b
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radiotherapy. In the 1990s, I shifted from resection to proton beam radiotherapy but 

then went back to local resection once I saw that radiation- induced complications 

were more common than I had expected. When anti- angiogenic agents were intro-

duced I once again became more optimistic about proton beam radiotherapy but was 

disappointed with the results of anti- angiogenic agents. These experiences, together 

with concurrent improvements in surgical resection techniques, have swung me back 

to exoresection again.

Toxic Tumour Syndrome

Most secondary exoresections are undertaken as a treatment for what I have termed 

the ‘toxic tumour syndrome’. This condition develops when an irradiated intra- ocular 

tumour becomes ischaemic and exudative as a result of intratumoural, radiation-

 induced vasculopathy, leading to effects such as macular oedema and exudates, 

serous retinal detachment, uveitis, rubeosis iridis and neovascular glaucoma. I have 

previously reported the case of a 75- year- old man with a nasal, equatorial choroidal 

melanoma, which had a basal diameter of 13.0 mm and a thickness of 9.3 mm, reduc-

ing the visual acuity to 6/36 [16]. The fellow eye was amblyopic with a vision of 6/36. 

The patient had a history of cerebrovascular disease, ischaemic heart disease and car-

diac arrhythmia and was receiving anticoagulant therapy. I therefore administered 

proton beam radiotherapy, but this was complicated by severe retinal detachment and 

neovascular glaucoma with an intra- ocular pressure of 50 mm Hg. Because of the 

amblyopia in the fellow eye, I felt obliged to attempt exoresection, which was per-

formed with limited hypotension, without complications. Postoperatively, the retina 

was flat by the first postoperative day and the rubeosis regressed completely within 

a few weeks so that after several months the intra- ocular pressure remained normal 

after discontinuing the topical antiglaucomatous medications. To date, I have per-

formed secondary exoresection for toxic tumour syndrome in less than 20 patients, 

with encouraging results, which I hope to report soon. Local resection can be effec-

tive for toxic tumour syndrome occurring with irradiated adenocarcinoma, and pre-

sumably other types of tumour [17].

Endoresection

‘Endoresection’ is a term I coined several years ago to refer to piecemeal removal of 

an intra- ocular tumour with a vitreous cutter [18]. Peyman has used the phrase ‘ab 

interno resection’ for the same kind of procedure [19].

My technique has been described previously (fig. 4). Briefly, after total vitrectomy, 

the vitreous cutter is passed through the retina at the apex of the tumour, which is 

removed together with a surround of apparently normal choroid. Fluid- air exchange 
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is performed to flatten the retina so that retinopexy can be performed, which is done 

with endolaser photocoagulation. Endolaser is also applied to the bed of the surgical 

coloboma to treat any intrascleral tumour remnants, which can also be treated exter-

nally with a right- angled applicator passed retro- ocularly. The air is replaced with 

silicone, which is removed after 12 weeks. Cryotherapy is applied to the sclerotomies, 

using a double freeze- thaw technique, in case of seeding. If histology indicates high-

 grade malignancy, then adjunctive brachytherapy is delivered using a ruthenium 

applicator.

Primary endoresection is highly controversial because of concerns that the sur-

gical manipulations might disseminate tumour cells around the globe and systemi-

cally [20]. Such objections are based on mechanistic concepts of metastatic spread. 

a b

c d

Fig. 4. Technique of endoresection. a After total vitrectomy, the tumour is removed through a small 

retinotomy. b Fluid- air exchange is performed, to flatten the retina. c Endolaser photocoagulation is 

applied to destroy any residual tumour and to achieve retinopexy. d The eye is filled with silicone to 

prevent postoperative haemorrhage and retinal detachment. This oil is removed after 12 weeks. The 

procedure is easier if performed bimanually, using a chandelier for illumination.
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However, insights from genetic studies suggest that metastasis is a biological pro-

cess, with almost all monosomy 3/class 2 melanomas proving fatal, irrespective of 

any surgical intervention [21– 23]. As with other forms of treatment, intrascleral and 

marginal tumour remnants can give rise to extra- ocular and marginal recurrences; 

however, in the absence of an intact retinal barrier, such recurrent tumours can seed 

into the vitreous cavity to become inoperable [24, 25]. In more than 100 endoresec-

tions, there has been only 1 patient with subconjunctival seeding, which seems to 

have been adequately controlled by cryotherapy. Mortality rates have been similar 

to other forms of therapy, although formal comparisons have yet to be undertaken. 

The most common complications are related to the vitrectomy procedure and these 

include entry site tears, cataract, and, rarely, transient, acute glaucoma in the early 

postoperative period. Rhegmatogenous retinal detachment has become rare since the 

introduction of peripheral retinal inspection and cryotherapy during the endoresec-

tion procedure. A few patients have developed choroidal neovascular membranes 

arising from the margin of the coloboma. The visual outcome depends on the loca-

tion of the tumour with conservation of visual acuity being best when the tumour 

is nasal to the optic disc. Others have reported encouraging results, even with large 

tumours [26].

Some advocate endoresection under a large retinal flap, but my impression is that 

this is not useful unless macular translocation is performed.

I consider primary endoresection only if it offers the best chances of conserving 

useful vision (e.g. if radiotherapy is likely to cause optic neuropathy) and if the patient 

accepts the controversial nature of this procedure. Preservation of central vision is 

less likely if a juxtapapillary tumour involves the temporal disc margin or if it extends 

close to the fovea. Without adjunctive radiotherapy, the risk of local tumour recur-

rence is greater if the tumour has diffuse margins or if its basal diameter exceeds 

10– 11 mm.

Secondary endoresection is an effective treatment for the toxic tumour syndrome 

and is performed if the tumour is too large for transpupillary thermotherapy and too 

small and posterior for transscleral local resection. Endoresection is also useful as a 

treatment for local tumour recurrence after other forms of treatment.

Some authors advocate neo- adjuvant proton beam or stereotactic radiotherapy 

before endoresection [27, 28]; however, after endoresection alone local tumour 

recurrence is rare, which suggests that if radiotherapy were to be administered to 

all patients, the large majority would be subjected to this treatment unnecessar-

ily. In Liverpool, local recurrence is probably infrequent because endoresection is 

reserved for tumours not exceeding 10– 11 mm in basal diameter and such small 

tumours are less likely to be of high- grade malignancy and to have long, invisible, 

diffuse, marginal extensions. The scope of neo- adjuvant radiotherapy is likely to 

be greater with large, highly malignant melanomas, especially if these are located 

far enough from the optic nerve and fovea to avoid collateral damage to these 

structures.
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Discussion

Since the theme of this book series is ‘Developments in ophthalmology’, I will focus 

on the developmental aspects of local resection of uveal melanoma.

As with many other surgical procedures, progress has come about mostly by the 

mental process of reflecting on complications and thinking about how these might be 

avoided. Examples of innovations that have occurred in this fashion include sclero-

tomy and choroidotomy techniques that have greatly reduced the incidence of retinal 

tears. Some developments occurred only after years of thought and one such example 

is the prevention of retinal dialysis and detachment by conservation of the ciliary 

epithelium over the pars plana. Other improvements, such as cauterisation of the 

short posterior ciliary arteries, occurred when a crisis arose intra- operatively. Some 

procedures, such as adjunctive brachytherapy, are based on evidence gained from 

long- term outcome analyses. Although the instruments I use for exoresection are the 

a b

c

Fig. 5. Right fundus of a 65- year- old man with 

an inferonasal choroidal melanoma. a Pre- 

operative photograph. b Ultrasound scan 

showing the tumour extending close to the 

optic disc and having a basal diameter of 10.4 

mm with a thickness of 9.6 mm. c Fundus 

appearance after endoresection, which was 

performed in 1999 by the author. The patient 

was alive more than 10 years postoperatively 

and after cataract surgery maintained a visual 

acuity of 6/6.
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same as those I deployed when I first started, more than 25 years ago, the equipment 

required for endoresection has improved greatly, making this operation safer and 

easier. Examples of such technical advances include the air pump and the chandelier, 

which has made bimanual surgery possible.

During the years in which I have been performing local resection, my attitudes 

regarding the impact of my surgery on survival have changed several times, in keep-

ing with the prevailing beliefs. When I started in 1984, many surgeons were perform-

ing enucleation as an urgent procedure to prevent metastasis and a large number 

followed Zimmerman’s hypothesis, using a no- touch technique or administering pre-

 enucleation radiotherapy, to prevent iatrogenic tumour dissemination [29]. There 

were concerns, therefore, that the surgical manipulations required by local resection 

were dangerous. However, non- randomised comparative studies showed no signifi-

cant survival difference between enucleation and exoresection [30]. Insights from 

genetic studies subsequently suggested that ocular treatment of uveal melanoma did 

not influence survival, which was already determined by the time the patient was 

treated, because lethal and non- lethal melanomas were distinct from their inception 

[31, 32]. Recent evidence suggests that some disomy 3 melanomas can undergo late 

malignant transformation to monosomy 3 [33]. If such transformation were to occur 

in a recurrent tumour after local resection, then some patients could die of metastatic 

disease that might have been preventable by more radical treatment. Bechrakis et al. 

[34] have shown that recurrent melanoma after exoresection may show higher- grade 

malignancy than the resected tumour, but whether this represents malignant trans-

formation or overgrowth of indolent, spindle melanoma cells by epithelioid cells is not 

known. Recurrent uveal melanoma is known to be associated with increased mortal-

ity [35]; however, there is uncertainty as to whether the recurrence is the source of 

the metastasis or merely an indicator of increased malignancy. Randomised studies 

would be necessary to address this question. The Collaborative Ocular Melanoma 

Study reported no difference in survival between brachytherapy and enucleation; 

however, the number of patients with recurrent tumour was too small for statistical 

significance to be demonstrable [36]. In view of the rarity of local tumour recurrence 

after local resection of disomy 3 melanoma, the chances of malignant transformation 

and metastatic spread of residual tumour must be small.

It is difficult to predict how the various types of local resection will continue to 

develop in future years. The greatest obstacle preventing more widespread exoresec-

tion is the need for profound hypotensive anaesthesia, which is controversial and 

therefore administered only by few anaesthetists. The rarity of complications sug-

gests that hypotensive anaesthesia is reasonably safe if undertaken by a skilled anaes-

thetist equipped with adequate facilities for cerebral and cardiac monitoring. In any 

case, there is scope for improved methods of haemostasis so that the need of systemic 

hypotension is reduced. Experience with cauterisation of the short posterior ciliary 

arteries suggests that endoscopic placement of temporary microclips may perhaps 

be useful. Another hurdle to overcome is the steep learning curve, as few surgeons 
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will have the opportunity of serving an apprenticeship with a surgeon experienced in 

exoresection and of undertaking the procedure often enough to maintain and develop 

surgical skills. Advances in videoconferencing, telemedicine and robotics may prove 

useful in this regard. My personal experience has shown that many patients are pre-

pared to travel to a distant centre for exoresection if only they are informed of this by 

their local ophthalmologist. It would be ideal if 4 or 5 centres in Europe, for exam-

ple, could include local resection in their repertoire of therapies. Endoresection is 

less problematic, because it does not require hypotensive anaesthesia and because it 

should be within the competence of any experienced vitreoretinal surgeon.

Conclusions

Developments in surgical technique have greatly improved outcomes after local 

resection, largely thanks to better prevention and treatment of rhegmatogenous reti-

nal detachment and local tumour recurrence; however, concerns regarding hypoten-

sive anaesthesia and iatrogenic metastatic spread prevent more widespread adoption 

of this treatment. These fears seem exaggerated and hopefully will be dispelled by 

further studies so that the benefits of local resection can become available to more 

patients. Prospects for further development of local resection techniques would be 

enhanced if a working group were to be formed to share experience and results.
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Abstract
The ability to obtain the proper clinical diagnosis in cases of suspected intraocular tumors has greatly 

advanced during the past 50 years. The clinical characteristics of most intraocular tumors (size, shape, 

color, and texture) are detectable by skilled ophthalmoscopic examination and, with the use of 

adjunctive techniques (mainly ultrasonography), the proper diagnosis can be reached without inva-

sive procedures. Notwithstanding, some intraocular tumors need to be biopsied to obtain a reliable 

diagnosis. In the cytogenetic era, intraocular tumor management is changing, and tumor- sampling 

procedures are becoming the main prognostic (and theoretically also diagnostic) tools for uveal 

melanoma. In spite of the widespread use of biopsies in general surgical practice, in ophthalmic 

oncology, indications and contraindications for biopsy continue to be under debate. The purpose of 

this paper is to critically evaluate the role of uveal melanoma biopsy in current clinical practice.

Copyright © 2012 S. Karger AG, Basel

Ophthalmic oncologists are among the few, if not the only, cancer- treating physi-

cians who do not routinely use cyto-  or histologic confirmation before treating a 

clinically diagnosed (or suspected) malignancy [1]. There are at least two reasons: 

a widely accepted high accuracy in noninvasive diagnosis of posterior uveal mela-

noma by expert clinicians, and the claimed risk of tumor diffusion secondary to diag-

nostic invasive approaches [2, 3]. The former has never been convincingly proven 

for any choroidal pigmented lesion with a thickness of less than 3 mm and a largest 

basal diameter under 10 mm [4]. Considering the latter, there is no evidence of an 

increased risk of uveal melanoma local diffusion following a correctly performed fine 

needle aspiration biopsy (FNAB) [5, 6].

Moreover, uveal melanoma shows some peculiarities compared to the majority of 

solid cancers: (1) disease- related mortality has not changed during the last 80 years, 

despite the introduction of new conservative therapeutic approaches [7]; (2) the 

current management of small choroidal indeterminate pigmented lesions (encom-

passing atypical nevi as well as ‘small melanomas’ in preclinical phases) is periodical 
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observation until growth, whereas general oncology practice considers an earlier 

diagnosis (and treatment) as a first and mandatory step to improve patient survival 

[4, 8]; (3) the cytogenetic profile of posterior uveal melanoma is currently considered 

the most important prognostic factor for metastatic disease, raising relevant ques-

tions about the biology and the natural history of these lesions [5, 7]. These consid-

erations suggest critically evaluating the role of uveal melanoma biopsy in current 

clinical practice, the extent to which this practice is supported by evidence from pre-

vious reports and defining the main indications and contraindications of different 

sampling techniques.

Diagnostic Intraocular Tumor Biopsy: Indications

The purpose of a diagnostic intraocular tumor biopsy is to confirm or rule out the 

clinical suspicion of a malignant tumor where noninvasive techniques fail [1]. General 

indications for diagnostic intraocular tumor biopsy include [1, 9]:

1 substantial probability that the suspected lesion is a malignant neoplasm;

2 substantial probability that the pathologic evaluation (including any laboratory 

analysis) will result in a defi nitive pathologic diagnosis;

3 diff erent management options for the lesion under investigation.

In addition, specific indications for intraocular tumor biopsy include:

1 major diagnostic uncertainty about the pathologic nature of the intraocular mass, 

provided that the individual expressing the uncertainty is highly experienced in 

the ophthalmic oncology fi eld;

2 suspected metastatic carcinoma to the eye in a patient without a prior history of 

a nonophthalmic malignancy or pathologically confi rmed metastases in other 

tissues or organs;

3 request for biopsy by an informed patient who refuses recommended treatment 

in the absence of pathologic confi rmation of the clinical diagnosis.

Therapeutic dilemmas mainly occur in clinical cases requiring treatment, in which 

noninvasive investigation has failed to establish a proper diagnosis. Major discrep-

ancies between different noninvasive tests performed by expert clinicians should be 

considered as an indication for diagnostic tumor biopsy, both in globe- saving treat-

ments and prior to enucleation [1, 10].

Intraocular Tumor Biopsy: Contraindications

An absolute contraindication to intraocular tumor biopsy probably does not exist [1, 

5, 9]. Nevertheless, the ophthalmic oncologist needs to plan a biopsy approach (1) 

that will probably yield a representative and sufficient sample of the lesion for defini-

tive diagnosis, and (2) without adding local or systemic morbidity [9]. However, it is 
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mainly relevant to stress that a biopsy must not be used as a shortcut to a diagnosis: 

a proper and complete workup must be performed before considering any invasive 

technique [11].

Special care should be taken to plan intraocular biopsy in childhood intraocu-

lar tumors [12, 13]. Because of the high risk of retinoblastoma dissemination, it is 

mandatory to use mini- invasive approaches (FNAB only) in children, performed by 

expert clinicians, in very selected cases [11– 13].

Intraocular Tumor Biopsy: Techniques

There are several different intraocular tumor biopsy techniques, including aqueous or 

vitreous tap, FNAB performed transsclerally or transvitreally, vitrectomy approaches, 

endoresection and transscleral resection [11]. All of these procedures are potentially 

diagnostic, with different complication rates and side effects.

Anterior Segment Tumors

Aqueous Tap

The aqueous tap is mainly used in the diagnosis of anterior uveal lymphoma, with 

the additional use of cell marker and cytokine studies [14]. Moreover, selected iris 

melanomas, mainly the diffuse type, and iris metastases, both characterized by aque-

ous seeding, are amenable to be sampled by this procedure [14]. Woog et al. [14] 

reported a 46- year- old woman with a history of breast carcinoma and no known met-

astatic disease who presented with iridocyclitis and secondary glaucoma. Cytological 

examination of the aqueous revealed adenocarcinoma. Char et al. [15] reported 

a small series of histologically confirmed iris ring melanomas diagnosed by aque-

ous tap. Unfortunately, cytological diagnosis of aqueous material is often complex 

because malignant characteristics of sampled cells (and their viability) can be difficult 

to be interpreted by the pathologist [15]. Although false- negative and false- positive 

results can occur, their incidence is low in the hands of a skillful cytopathologist [1]. 

Therefore, this technique should be considered as the first and least- invasive approach 

for selected iris lesions, with visible aqueous seeding.

Iris Fine Needle Aspiration Biopsy

Iris FNAB involves proper instrumentation, planning of the tumor approach, han-

dling of harvested cells, and preparation and interpretation of cytological specimens 

[1, 16]. It is important to realize that only a limited number of cells may be obtained 

through aspiration. The surgical approach depends on location and tumor size. A 

clear cornea entry is performed, approximately 90° from the tumor. The needle should 

be inserted through the cornea at an approximate 20– 30° angle to the iris and, when 
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inside the anterior chamber, the needle should be parallel to the iris [16]. Most often, 

the preferred entry site is either temporal or inferior. A specific needling procedure 

(gently moving the needle back and forth into the lesion while always maintaining the 

vacuum) is recommended [1, 16]. Shields et al. [16] reported a diagnostic yield of 99% 

in 100 consecutive iris lesions sampled by FNAB (performing 1 (74%), 2 (24%) or 3 

(2%) FNAB passes). These authors concluded that FNAB appears as a safe and useful 

diagnostic technique, providing adequate cell sampling for cytological interpretation 

in nearly all cases. Postoperative hyphema can occur, but generally resolves spontane-

ously. The major challenge in iris FNAB occurs when the specimens are paucicellular 

and decisions should be based on a small number of cells. As well as with the aqueous 

tap technique, the experience and skill of the cytopathologist are equally critical in all 

FNAB- based diagnoses [15, 16].

Iris Biopsy Using Vitreous Cutter

Bechrakis et al. [17] reported 11 cases of iris tumor biopsies performed by a vitreous 

cutter using a 2- port clear cornea approach. A 21- gauge infusion was inserted into 

the anterior chamber and intraocular pressure was elevated to 70 mm Hg. A 20- gauge 

vitreous cutter was then inserted through the second limbal incision and placed on 

the tumor surface in such a way that its opening was occluded by tumor tissue. With 

a high aspiration setting (400 mm Hg) and low cutting frequency (80/min), one sin-

gle bite was obtained from the tumor surface. Tumor sampling was diagnostic in all 

cases. Although this technique appears to be a safe and effective method, Bechrakis et 

al. [17] do not recommend its use in a routine clinical setting due to its costs.

Iris Surgical Biopsies

Iris biopsy with a punch technique was shown by Pe’er et al. [18] to yield adequate tis-

sue specimens in 2 cases. A trabeculectomy punch was inserted into a viscoelastic- filled 

anterior chamber. Expensive equipment, such as a vitrectomy set, was not required. This 

quick and safe technique was useful in a case of unsuccessful FNAB sampling. Handling 

of harvested tissue is simple, because the punch can be opened over a dry sponge and 

inspected directly instead of being received in a large volume of liquid [18].

Surgical iridectomy through a corneal or limbal incision can also provide adequate 

diagnostic material in most of reported cases [19]. Nevertheless, this technique is a 

surgical invasive procedure, with more side effects [19]. Surgical iridectomy is mainly 

used as excisional biopsy to remove all neoplastic tissue.

Posterior Segment Tumors

Fine Needle Aspiration Biopsy

A tumor wider than 10 mm in basal diameter and with a thickness of over 3 mm can 

be sampled transsclerally, mainly if anteriorly located [20] (fig. 1– 3). Meticulous 



Uveal Melanoma Biopsies 85

Fig. 1. FNAB of a pigmented choroidal lesion. 

Cytological examination revealed spindle cells 

with prominent nucleoli, consistent with 

spindle- cell choroidal malignant melanomas 

(Papanicolau ×125).

Fig. 2. FNAB of a pigmented ciliary body 

lesion. Cytological examination revealed round 

and monomorphic neoplastic cells with promi-

nent nucleoli and abundant melanin, consis-

tent with epithelioid choroidal malignant 

melanomas (Papanicolau ×630).

Fig. 3. FNAB of an amelanotic choroidal tumor 

in an apparently healthy 45- year- old female. 

Cytological examination revealed cohesive, 

monomorphic epithelial neoplastic cells with 

prominent nucleoli, consistent with breast met-

astatic tumor to the choroid (Papanicolau 

×125).
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localization by both transillumination and indirect ophthalmoscopy is mandatory. 

Shields et al. [21] obtained adequate material for cytological diagnosis in 88% of 

patients affected by different intraocular lesions. Uveal melanoma was diagnosed 

in 38%, metastasis in 20%, retinoblastoma and leukemia in 2%, and lymphoma 

in 3%. Small lesions with posterior location are usually better biopsied through 

a transvitreal approach [8]. There is a strong correlation between the results of 

FNAB and the thickness of the lesions on A- scan ultrasound (<1.9 mm: 40%; 1.9– 4 

mm: 90%; >4 mm: 98%) [22]. Augsburger et al. [4] investigated FNAB for the 

cytological diagnosis of small indeterminate choroidal melanocytic lesions, obtain-

ing sufficient material for cytodiagnosis in 65% of tumors whose thickness varied 

between 1.5 and 3 mm. The most important limitation of FNAB in small tumors is 

its frequent inability to obtain sufficient cells for diagnosis [2, 5, 23].

The basic equipment required for FNAB is simple: a fine needle (25– 30 G), a 

10- ml disposable syringe, some glass slides with a frosted-end and a fixative [1]. 

Different gauges are currently used when performing intraocular tumor biopsy in a 

routine clinical setting. Most authors prefer a 25- gauge needle for both transvitreal 

and transscleral approaches [5, 12, 24, 25]. Other authors recommend a 30- gauge 

needle in transscleral procedures and a 27- gauge instrument for the transvitreal 

approach [6, 8, 26, 27]. Our standard transscleral FNAB approach encompasses a 

25- gauge (25 mm in length) spinal needle connected by a hollow tube to a 10- ml 

syringe [5, 23]. The needle is inserted into the tumor through a 300- μm scleral inci-

sion (to avoid excessive pressure when penetrating the eye). This specific procedure 

allows safe sampling of small lesions (thickness <3.5 mm), avoiding retinal damage 

or intravitreous penetration by the needle. A double-  or triple- pass sampling with 

the specific needling procedure is mandatory in all cases [1, 5] (fig. 4). The scleral 

incision is immediately sutured after sampling and, when performed for cytogenetic 

Fig. 4. Transscleral FNAB: note that in this case 

a transscleral approach is safely applied to a rel-

atively posteriorly located tumor.
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testing at the time of brachytherapy, a radioactive plaque is promptly placed over 

the tumor base not only to treat the tumor, but also to sterilize the needle tract [5, 

23].

For transvitreal access, the needle should be bent 2– 3 mm from its bevelled tip to 

an angle of 60– 90° relative to the shaft [20]. This allows entry into the neoplasm with 

the needle tip parallel to the sclera through one of the sclerotomies, reducing the risk 

for posterior scleral perforation in small tumors. Some authors prefer indirect oph-

thalmoscopic guidance [6], whereas others use an operating microscope combined 

with an irrigating contact lens, but without an intraocular fiber- optic light source 

[22]. Biomicroscopy and wide- angle viewing allow the needle to be placed easily 

and safely [28]. A transvitreal approach has recently been investigated for posteri-

orly located tumors in a series of 140 eyes [6]. According to Shields et al. [6], tumors 

posterior to the equator (67 of 140 eyes: 48%) were sampled via the pars plana, yield-

ing sufficient material in 65 of 67 cases (97%). Unfortunately, a high number of local 

complications were reported (vitreous hemorrhage in 64 eyes), mainly related to the 

direct transretinal approach to the tumor apex. In the same series, a lower rate of suf-

ficient material (75 vs. 97%) was obtained when the tumors were sampled with a 30-  

versus a 27- gauge needle. Balancing needle diameter versus tumor approach needs 

further investigation (table 1).

Table 1. Safety and adequacy of FNAB for cytogenetic testing in uveal melanoma

Reference Eyes Sampling Follow-

 up 

months

Adequacy Safety (local) Safety 

(general)

Midena et al. [5], 

2008

32 25 G transscleral 47 87% 0% 100%

Shields et al. [6], 

2007

140 30 G transscleral

27 G transvitreal

 8 86% 46% of transient 

vitreous 

hemorrhages

100%

Young et al. [27], 

2007

18 30 G transsclerral – 50% 5% of transient 

hemorrhages

–

Shields et al. [8], 

2007

46 tumors 

measuring 3 

mm or less in 

thickness

30 G transscleral 

27 G transvitreal

10 94% 55% of transient 

vitreous 

hemorrhages 

100%

Shields et al. [51], 

2011

500 27 G transvitreal 

or transscleral

36 92% drop of preretinal 

blood at the site of 

retinal perforation 

(common but not 

quantified)

–
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Vitrectomy- Based Biopsies

The vitrectomy- based biopsy proposed by Bechrakis et al. [17] encompasses standard 

3- port pars plana vitrectomy followed by core vitrectomy (21- gauge) to allow direct 

access to the tumor. Subsequently, a vitreous separation is induced over the tumor 

and a thorough vitrectomy is performed over the intended biopsy site (this is believed 

to avoid vitreoretinal incarceration with the vitreous cutter during the biopsy proce-

dure). The intraocular pressure is then elevated to 70 mm Hg, and the retina overly-

ing the tumor incised by a sharp intraocular Sato knife just to allow the transretinal 

entrance of the 0.9- mm- thick vitreous cutter. The vitreous cutter is then inserted into 

the tumor through the retinotomy incision with a high aspiration setting (400 mm 

Hg) and a low cutting frequency (80/min). No cryotherapy or laser treatment is usu-

ally performed at the retinotomy site, and after fluid/gas exchange, 20% SF6 gas is 

usually injected into the eye and the scleral incisions are closed [17]. In this series (23 

tumors), the main reported complication was vitreous hemorrhage in 2 cases (6%) 

[17]. An inconclusive biopsy result was also reported in 1 case (3%) [17]. In addi-

tion 1 multifocal, intraocular tumor spread was documented. No orbital recurrence 

or metastases were reported 42 months after enucleation. Eight of 34 patients were 

enucleated because of choroidal melanomas. The authors did not report the reason 

for enucleation, raising questions about the real safety of this procedure [17].

Vitrectomy using the 25- gauge system was first described in 2002, encouraging 

some authors to use this technology for choroidal tumor biopsy [29]. In 2006, Sen et 

al. [30] reported 14 patients undergoing choroidal tumor biopsy using the 25- gauge 

system approach. The infusion port, light pipe, and vitreous cutter were inserted 4 

mm from the limbus and the vitreous cutter was advanced across the vitreous cavity, 

through the retina, into the tumor. Tissue samples were taken by rotating the cutter 

within the tumor. Then, the vitreous cutter was repeatedly withdrawn from the tumor 

and flushed with a small volume of vitreous to prevent blockage of the aspiration 

cannula by tumor fragments. Total vitrectomy was not performed. When the scleral 

ports were removed, cotton buds were used to apply pressure to each entry site. Gas 

tamponade was not used. The authors reported a positive tissue diagnosis in 13 of 14 

patients [30]. The conclusion was that performing a choroidal tumor biopsy with a 

25- gauge vitreous cutter is associated with a low ocular morbidity and, in most cases, 

a larger tumor yield compared to FNAB. However, the authors did not report tumor 

locations and dimensions, making impossible any comparison with standard FNAB 

[30].

The rationale for performing intraocular biopsy by vitrectomy is that tumor sam-

ples obtained by FNAB may be very small, requiring access to a specialized cytol-

ogy laboratory with an experienced cytopathologist. Unfortunately, compared to the 

FNAB procedure, this technique is more aggressive, more surgically demanding and 

its safety remains unknown. Moreover, in our experience, most tumors sampled by 

vitrectomy procedures could theoretically be managed by standard FNAB [5, 23, 

31].
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Pars Plana Vitrectomy- Assisted Incisional Biopsies

Kvanta et al. [31] reported on a series of 10 cases that were biopsied with a stan-

dard intraocular forceps after performing a diamond knife incision through the 

pars plana and a vitrectomy. Histological diagnosis was obtained in all cases, lead-

ing to subsequent enucleation in 5 tumors (thickness 3.1– 6.9 mm). The reasons for 

enucleation in these medium- sized melanomas, which are commonly amenable to 

conservative treatment, were not given. A high frequency of postoperative complica-

tions was noted. In the 5 nonenucleated eyes, 1 rhegmatogenous retinal detachment, 

1 increasing serous retinal detachment and 1 vitreous hemorrhage, which resolved 

spontaneously before enucleation, were reported [31]. Moreover, some pathological 

diagnoses in this paper were questioned in a subsequent editorial note (2 cases clas-

sified as ‘posterior scleritis’ on choroidal biopsy and 2 cases classified as ‘hematoma’) 

[9].

Safety

Intraocular tumor biopsy can cause different complications [11]. The potential risks, 

including hemorrhage, retinal detachment, cataract and endophthalmitis, as well as 

tumor seeding, tumor recurrence or extraocular spread, are well known. However, 

reliable data to define their incidence and association with different sampling pro-

cedures are currently unavailable [11]. Moreover, complications are typically under-

reported in the literature, reducing the possibility to correctly evaluate the risks and 

perform a correct comparison between different biopsy methods [11].

It is well known that sampling procedures in retinoblastoma, a poorly cohesive 

tumor, have a high risk of cell spreading. Notwithstanding, there are no reports of 

extraocular growth of retinoblastoma using FNAB with 25- gauge or smaller needles 

[12, 15, 24, 32]. On the other hand, vitrectomy procedures to identify the nature of 

a retinal mass in childhood are highly dangerous, as reported by Decaussin et al. 

[33]. The consequences of vitrectomy in cases of unsuspected intraocular tumors in 

childhood are often disastrous [34]. These data should be taken into account when 

planning different sampling techniques for any intraocular tumor, mainly when con-

sidering the extensive application in a routine clinical setting.

Glasgow et al. [35] first documented sheets and numerous single malignant uveal 

melanoma cells in the needle tract of enucleated eyes after a transscleral approach using 

a 30- gauge needle. However, uveal melanoma implantation with subsequent metasta-

sis has never been reported with needles of 25 G or less [36]. Moreover, the risk of 

needle tract seeding may be reduced to virtually zero by immediate irradiation of the 

sampling area [23]. In 1996, Char et al. [37] found no difference in survival comparing 

116 irradiated melanoma patients previously sampled by FNAB versus 731 unbiopsied 

patients. Nevertheless, opening of the sclera with a trephine or using a large needle 

resulted in tumor extension in 6 of 17 cases [38]. Orbital recurrences and death from 
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metastases occurred in 10 of 17 cases within 8 years, although these eyes were enucle-

ated immediately or within 3 days after the biopsy [38].

Transvitreal FNAB is claimed to have a lower risk of tumor spread compared with 

the transscleral approach. The number of implanted tumor cells appears to be lower 

than that required to establish tumor implantation under experimental conditions 

[39]. In addition, according to experimental animal studies, survival of tumor cells in 

the vitreous is difficult [40]. Nevertheless, 1 suspected (not adequately proven) clinical 

case of extrascleral recurrence has recently been reported after diagnostic FNAB in 

uveal melanoma [3]. In this case, a transvitreal approach was used, but no treatment 

was applied over the sampled area. In contrast, to the best of our knowledge, no extras-

cleral extension after transscleral FNAB has been documented yet [3]. Moreover, a 

transscleral approach through the tumor base can be easily sterilized by standard plaque 

brachytherapy, whereas the transvitreal approach may cause seeding in untreated 

scleral areas [23]. Given the frequent application of FNAB in virtually every organ of 

the body, the risk of tumor cell dissemination by fine needle biopsies is extremely low 

[6]. Moreover, among all the biologic steps related to the establishment of metastatic 

disease, it is unlikely that mini- invasive tumor sampling techniques significantly affect 

patient outcome [6, 8]. In contrast, there are only few reports on vitrectomy- based 

procedures for taking a uveal melanoma biopsy. Therefore, there is too little informa-

tion to make a valid comparison regarding the relative merits, safety and adequacy of 

these procedures [11]. Furthermore, other invasive surgical procedures for intraocular 

tumor sampling (ab externo and ab interno tumor resection) must not be included in 

the standard armamentarium of uveal melanoma biopsy techniques, but should even-

tually be considered as alternative treatment options for selected, large uveal melano-

mas [41, 42]. Safety and efficacy of these procedures remain unknown [42].

Biopsy for Cytogenetic Analysis

Critically looking at uveal melanoma management and treatment results, some 

unresolved issues still exist. First, we are still unable to accurately determine clini-

cally which lesions need to be treated and we continue to treat each patient affected 

by small but malignant ‘indeterminate choroidal melanocytic lesions’ too late [4]. 

Second, we are still unable to clinically accurately select which patients need systemic 

adjuvant therapy at the time of diagnosis, that, theoretically, may be more effective 

in treating microscopic rather than macroscopic tumor metastases, where multiple 

mechanisms of resistance can develop [23]. Third, clinically oriented cytogenetic 

analysis is currently considered the most sensible and specific tool to obtain patient 

prognostication in uveal melanoma, but it is not routinely used in most centers (fig. 

4, 5) [23]. All these considerations suggest a detailed reevaluation of the role of biop-

sies in uveal melanoma management. In our opinion, there are two main reasons to 

avoid taking a tumor biopsy for cytogenetic analysis in a routine clinical setting: (1) 
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there are currently no proven adjuvant systemic therapies for high- risk patients (this 

concept violates the general indication for intraocular tumor biopsy) [5, 23] and (2) 

major complications can ensue [3]. Conversely, there is a single, but strong indication 

to routinely introduce this procedure: that the use of new drugs as adjuvant therapy 

in nonselected populations often has a limited effectiveness [43]. In a scenario where 

new drugs for systemic treatment develop continuously, it is mandatory to identify 

subgroups of patients amenable to receive a ‘tailored’ optimal treatment [5, 23, 43].

In addition to these general considerations, specific issues exist for cytogenetic 

sampling of small indeterminate melanocytic proliferations [8]. First, complications 

are more common in small lesions compared to large ones. Second, we know cytoge-

netic differences between low- risk versus high- risk tumors, but we do not know cyto-

genetic differences between nevi and premalignant lesions (lesions that need to be 

treated before becoming biologically malignant) [5]. Third, we do not know if treat-

ment of any small but malignant uveal melanocytic proliferation prolongs survival 

[4]. According to cancer biology, much of the improvement in survival rates associ-

ated with early detection is due to the treatment of a higher proportion of premeta-

static lesions, not from curing malignancies [4]. Evidence supports the concept that 

it is likely that uveal melanoma forms micrometastases in susceptible patients 5 years 

prior to ocular tumor diagnosis (and biopsy) [44].

Heterogeneity

Tumor heterogeneity is considered a consequence of cancer pathogenesis [45]. 

Cancer development is often associated with genomic instability and acquisition of 

Fig. 5. FNAB in a case of posterior choroidal 

melanoma for cytogenetic testing. FISH 

revealed monosomy 3 of the lesion (note the 

single white dot inside each cell). This patient 

developed liver metastatic disease 3 years after 
125I brachytherapy.
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genomic heterogeneity generating both clonal and nonclonal tumor cell populations 

[45]. Morphologic heterogeneity is well recognized in uveal melanoma showing vari-

able proportions of epithelioid and spindle cells [46]. Epithelioid cells more often 

show loss of chromosome 3 than spindle cells [46]. Sandinha et al. [47] and White 

et al. [48] reported cytogenetic heterogeneity in uveal melanoma, describing mor-

phologic heterogeneity corresponding with cytogenetic heterogeneity. In the case of 

FNAB sampling, intratumor heterogeneity may interfere with a correct prediction of 

the patient’s prognosis [46– 48].

In our clinical series, some eyes without loss of chromosome 3 developed meta-

static disease. It is possible that these tumors evolved in a different manner, but it may 

also be due to our inability to detect, for example, partial loss of chromosome 3, iso-

disomy 3 (duplication of one copy of a chromosome), or it may be due to intratumor 

heterogeneity [43]. Maat et al. [49] pointed out that heterogeneity in monosomy 3 is 

a frequent event in uveal melanoma. In their study, 7 of 50 tumors were found to be 

heterogeneous, but the FISH technique was unsuccessful in 17 lesions and difficult to 

be interpreted in 8. Furthermore, the FISH technique was performed for chromosome 

3 only, without a control probe for aneuploidy and/or truncation artifacts. Dopierala 

et al. [50] have also reported that approximately 50% of the examined tumors showed 

heterogeneity of at least one locus on chromosome 3. Such a level of heterogeneity 

may affect cytogenetic prognostication in a large portion of uveal melanoma patients, 

mainly when biopsied by FNAB. In contrast, these data do not match with the predic-

tive value of monosomy 3 obtained in vivo by FNAB specimens, nor with clinically 

demonstrated different life expectancy of uveal melanoma patients with and without 

this cytogenetic alteration [5, 6, 8]. Mensink et al. [46] have recently investigated the 

presence of focal or diffuse chromosome 3 intratumoral heterogeneity in uveal mela-

noma using direct interphase FISH in a series of 151 uveal melanomas (the largest 

series ever reported). Tumors with monosomy 3 were suspected to be heterogeneous 

if there were low percentages of monosomy 3, triploid clones, inconsistencies between 

FISH on centromere 3 and the long arm of chromosome 3, or discrepancies between 

FNAB and the main tumor. Only such tumors (n = 16) were selected and analyzed 

for intratumor heterogeneity. Six tumors showed the same percentage of monosomy 

3 throughout the tumor, and 10 showed multiple clones with different percentages of 

monosomy 3. However, these tumors did not show focal heterogeneity with respect 

to chromosome 3 status (i.e. monosomy vs. disomy), and differences in monosomy 3 

distribution between the base and apex of the tumor could not be identified. We agree 

with Mensink et al. [46] concluding that although a small number of uveal mela-

nomas may show heterogeneity for chromosome 3, it does not affect the patient’s 

prognosis. This evidence is also supported by extensive clinical application results [5, 

6, 8]. In the presence of triploid clones or uncommon abnormalities, chromosome 3 

loss is more difficult to be interpreted, but most uveal melanoma biopsies provide an 

accurate prediction of patient’s prognosis, mainly when associated with classical clini-

cal prognostic factors [46, 51]. Nevertheless, a multiple sampling procedure (through 



Uveal Melanoma Biopsies 93

 1 Midena E, Segato T, Piermarocchi S, Boccato P: 

Fine needle aspiration biopsy in ophthalmology. 

Surv Ophthalmol 1985;29:410–422.

 2 The Collaborative Ocular Melanoma Study Group: 

Accuracy of diagnosis of choroidal melanoma in the 

Collaborative Ocular Melanoma Study. COMS 

report No 1. Arch Ophthalmol 1990;108:1268– 

1273.

 3 Caminal JM, Sanz S, Carreras M, Català I, Arruga J, 

Rocca G: Epibulbar seeding at the site of a transvit-

real fine- needle aspiration biopsy. Arch Ophthalmol 

2006;124:587–589.

 4 Augsburger JJ, Correa ZM, Schneider S, Yassin RS, 

Robinson- Smith T, Ehya H, Trichopoulos N: 

Diagnostic transvitreal fine- needle aspiration 

biopsy of small melanocytic choroidal tumours in 

nevus versus melanoma category. Trans Am 

Ophthalmol Soc 2002;100:225–232.

 5 Midena E, Bonaldi L, Parrozzani R, Radin PP, 

Boccassini B, Vujosevics S: In vivo monosomy 3 

detection of posterior uveal melanoma: 3- year fol-

low- up. Graefes Arch Clin Exp Ophthalmol 2008; 

246:609–614.

 6 Shields CL, Ganguly A, Materin MA, Teixeira L, 

Mashayekhi A, Swanson LA, Marr BP, Shields JA: 

Chromosome 3 analysis of uveal melanoma using 

fine- needle aspiration biopsy at the time of plaque 

radiotherapy in 140 consecutive cases: the Deborah 

Iverson, MD, Lectureship. Arch Ophthalmol 2007; 

125:1017–1024.

 7 The Collaborative Ocular Melanoma Study Group: 

The COMS randomized trial of iodine 125 

brachytherapy for choroidal melanoma. 3. Initial 

mortality findings. COMS Report No 18. Arch 

Ophthalmol 2001;119:969– 982.

 8 Shields CL, Materin MA, Teixeira L, Mashayekhi A, 

Ganguly A, Shields JA: Small choroidal melanoma 

with chromosome 3 monosomy on fine- needle 

aspiration biopsy. Ophthalmology 2007;114:1919–

1924.

 9 Augsburger JJ: Diagnostic biopsy of selected 

intraocular tumors. Am J Ophthalmol 2005;140: 

1094– 1095.

10 Faulkner- Jones BE, Foster WJ, Harbour JW, Smith 

ME, Davila RM: Fine- needle aspiration biopsy with 

adjunct immunohistochemistry in intraocular 

tumour management. Acta Cytol 2005;49:297–308.

the same access), with separate specimen collection and analysis, is always recom-

mended [5]. Moreover, multichromosomal analysis techniques, such as multiplex 

ligation- dependent probe amplification or multichromosomal FISH, better charac-

terize patients’ prognosis [43, 52].

Conclusion

All currently available methods for intraocular tumor biopsy differ by: amount of 

specimen, frequency of an insufficient specimen, potential for a sampling error, mor-

bidity related to the procedure, potential for tumor seeding, costs and the skill and 

expertise required from both the surgeon performing the biopsy and the pathologist 

analyzing and interpreting the obtained specimens [9]. There is still limited informa-

tion to make a reliable comparison among all biopsy procedures [9, 11]. However, 

less invasive methods with (1) high safety, (2) acceptable adequacy and (3) low costs 

are the best candidates for extensive clinical application [5, 23]. Ophthalmic oncol-

ogy is now rapidly moving in the same direction as all other oncologic subspecialties, 

starting to determine the patient’s risk using sampling- based laboratory techniques. 

However, it is essential to start treating patients more often in the premalignant tumor 

stage and to develop consistent, selective and effective adjuvant therapy [4, 23].
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Analysis of Intraocular Biopsies
Sarah E. Coupland

Department of Cellular and Molecular Pathology, University of Liverpool, Liverpool, UK

Abstract
In this chapter, the importance of intraocular biopsies in the diagnosis/exclusion of ocular malignan-

cies and prognostication is outlined. Despite improvements in ancillary studies in ophthalmology, 

intraocular biopsies are increasingly being performed in many ocular oncology centres. Experience 

is required in taking these biopsies, in their transport to the pathology laboratory, in their triaging 

and processing, and in their interpretation. To optimize the biopsy yield, well- tested and practical 

standard operational procedures for morphological, immunocytological and molecular genetic 

analyses are necessary. ‘Tips and tricks’ for the fixation and processing of intraocular tissue and fluid 

biopsies are provided. For example, a fixative such as Cytolyt or HOPE fixation is recommended for 

vitreous biopsies, allowing for all investigations to be performed, including DNA- based molecular 

genetic techniques, such as polymerase chain reaction used in clonality analysis in lymphoma diag-

nosis and in organism identification in endophthalmitis. Most solid tissue samples can be placed in 

buffered formalin, with the exception of those requiring RNA- based molecular techniques, here 

fresh tissue being preferable. The importance of incorporating data from all investigations and sum-

marizing them as an integrated report is emphasized. The pitfalls of using any single test (e.g. a 

molecular genetic test) as a ‘stand- alone’ investigation are highlighted. Communication with rele-

vant clinical information between surgeon and pathologist is essential at each stage: for sample 

delivery, for exclusion of differential diagnoses and for rapid result transmission. The current molecu-

lar genetic techniques for uveal melanoma prognostication are summarized, and how their data can 

be used for instigation of individualized management plans for patients discussed.

Copyright © 2012 S. Karger AG, Basel

The treatment of malignant disease usually requires a diagnosis based on microscopi-

cal examination of tumour tissue. In ocular oncology, however, the diagnosis of an 

intraocular malignancy is often based on clinical examination together with com-

prehensive non- invasive ancillary tests, such as ultrasonography or angiography, and 

occasionally serological tests. In some cases, however, lesions which appeared as ‘typi-

cal’ for a particular ocular malignancy have been diagnosed as something quite differ-

ent following cytopathological diagnosis [1, 2]. Intraocular biopsies are increasingly 

being performed in ocular oncology, not only for diagnosis confirmation but also 
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for prognostication. In this way, individualized management plans for each patient 

can be instigated. Various surgical methods have been applied since Hirschberg first 

performed an intraocular biopsy in 1868 [3]. These surgical procedures will not be 

the subject of this chapter, and the readers are referred to relevant reviews [4– 11]. 

Essentially, the bioptic targets include all intraocular structures, such as the iris, cili-

ary body, choroid, retina as well as the aqueous and vitreous humour. Samples from 

these tissues can be obtained via translimbal, transscleral, transvitreal and/or tran-

sretinal approaches. Biopsy procedures are aspirational (using a fine needle or a vit-

reous cutter), incisional or excisional (e.g. local tumour resection or enucleation, if 

required) [10]. All these procedures are potentially hazardous and have certain failure 

rates; however, the various risks with which they are associated differ and are also 

dependent on the experience of both the surgeon and reporting pathologist. The aims 

of this chapter are to: (1) provide an overview of intraocular biopsies from the pathol-

ogist’s perspective; (2) discuss specimen preparation and processing to obtain maxi-

mum yield; (3) consider the differential diagnoses in the particular ocular structures, 

and (4) describe the various methodologies (including cytogenetic and molecular 

genetic techniques) that can be applied.

Sample Handling and Processing

Since intraocular tumours may be located in differing ocular tissues, such as the uvea 

or the retina, with possible involvement of the anterior chamber or vitreous, the his-

topathologist is confronted with a variety of specimens, including aqueous taps, vit-

reous taps, diagnostic vitrectomy specimens, uveal biopsies and subretinal aspirates. 

Depending on the clinical question, the biopsy type and the time required for trans-

port to the diagnostic laboratory, intraocular tissue biopsies should be sent to the 

laboratory either fresh or in a fixative. It is, therefore, advisable that the surgeon dis-

cusses the case with the investigating laboratory before the specimen is collected, so 

that the correct fixative and container are used and to make any special arrangements 

for transport. On receipt of the specimen in the diagnostic laboratory, careful consid-

eration should be given to the handling and examination of the samples, incorporat-

ing a triage system, allowing for the application of cytological, immunocytological, 

and molecular biological analyses, in order to optimize the diagnostic and prognostic 

yields [12– 14].

Intraocular Fluid Biopsies and Aspirational Tumour Biopsies

In the case of intraocular fluid biopsies and tumour fine needle aspiration biopsies 

(FNAB), it is preferable that these are delivered to the investigating laboratory with-

out fixative, if possible within 1 hour of the procedure. However, if longer delays 
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are anticipated, for example, if the sample is being assessed at a remote laboratory, 

the specimen should be placed in culture medium (e.g. bovine serum albumin) or 

in a mild cytofixative, such as herpes/glutamic acid buffer- mediated organic sol-

vent protection effect (HOPE) fixation or Cytolyt (Cytyc) for subsequent ThinPrep 

slide preparation [15, 16]. The latter two fixatives are preferable to formalin, glu-

taraldehyde or alcohol fixation because they provide superior preservation of cyto-

morphology and immunoreactivity, as well as for possible DNA extraction for some 

of the molecular genetic methods described below. Various techniques have been 

described in the literature for the preparation of intraocular fluid (vitreous and 

aqueous) specimens for cytomorphological evaluation [17– 22]. These include: (1) 

vitreous ‘filtration’; (2) a celloidin bag technique; (3) cytospin, and (4) cell block 

preparation. We are most familiar with the latter two methods, whereby the vitre-

ous is spun at 500 rpm for 5 min, concentrating the cells either onto glass slides 

or into paraffin [12]. The preparation of tumour FNAB is similar to that of ocular 

fluids, and depends on the degree of cellularity, which is initially evaluated macro-

scopically. In the case of paucicellular to moderately cellular specimens, cytospins 

are prepared using the Shandon or ThinPrep techniques, with one cytospin being 

stained with May Grunewald Giemsa (MGG) for morphological assessment, and 

2– 3 unstained cytospins being prepared for appropriate special stains or immuno-

cytology (table 1) [13]. Using the MGG stain, the cytospins are scored for various 

factors including total cell density, proportion of tumour cells within the sample, 

degree of pigmentation as well as presence or absence of a haemorrhagic or necrotic 

background. These scores are particularly important with respect to the concentra-

tion and quality of DNA extracted for further molecular genetic analyses [Coupland 

et al., unpublished]. 

In biopsies with a large number of cells or with visible cell clumps, a paraffin cell 

block would be more appropriate to allow for better morphological interpretation fol-

lowing sectioning. Again, depending on the morphological findings observed in the 

haematoxylin- and- eosin- stained sections of these samples, various additional special 

stains or immunohistochemical markers may be necessary, as summarized in table 1. 

In all cases, retention of part of the tumour sample should always be considered for 

DNA extraction, either from the fresh or fixed sample, in order to allow for future 

molecular genetic analyses (table 2).

Incisional and Excisional Tumour Biopsies

These larger solid tumour specimens, including incisional biopsy, endoresection, local 

resection and enucleation, are usually fixed in 10% buffered formalin, and processed 

in paraffin using standard procedures for sectioning and conventional and immuno-

histochemical techniques for staining. When required, DNA can be extracted from 

the formalin- fixed paraffin- embedded material for molecular analyses [12, 23]. 
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Table 1. Useful stains in the assessment of intraocular biopsies

Conventional histochemical stains Detects Examples/comments

Morphological stains 

(e.g. MGG, modified Papanicolaou)

Giemsa Bacteria

Fungi

Parasites

Protozoa

Neisseria sp.

Actinomyces sp.

Toxoplasmosis

Leishmania tropica

Gram Twort Gram- positive bacteria (blue)

Gram- negative bacteria (red)

Periodic acid- Schiff with or without 

diastase digestion 

Bacteria

Fungi

Parasites

Tropheryma whipplei

Candida sp.

Toxoplasma gondii

Silver stains 

(e.g. Gomori’s methenamine silver; 

Grocott)

Fungi

Mucicarmine Fungi Encapsulated fungi 

e.g. Cryptococcus 

neoformans

(Modified) Ziehl- Neelsen Mycobacteria

Nocardia

M. tuberculosis

M. leprae

Warthin Starry Bacteria

Fungi

Spirochaetes 

Helicobacter sp.

Treponema pallidum

Perl’s Prussian blue Haemosiderin (ferric iron)

Congo Red Amyloid

Parasites

Green birefringence 

Taenia echinococcus

Immunohistochemistry

CD3 Pan T- cell marker

CD20 and PAX- 5 B- cell markers Negative on precursor 

B- cells and plasma cells

CD138, MUM1/IRF4 Plasma cell markers

Kappa and Lamda

IgM and IgD

Useful combinations when 

trying to demonstrate 

clonality of B- cell and 

plasma cell infiltrates

CD34, CD117 Haemopoietic blasts Highlight acute myeloid 

leukaemic infiltrations
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Examination of Anterior Segment Samples

Aqueous tap is an option for cellular infiltrates in the anterior chamber. When assessing 

the cytomorphology of these invariably small samples, the age of the patient should be 

taken into account, so the appropriate stains can be performed on the limited number 

of cytospins according to the most likely diagnosis. For example, in younger patients, 

cellular infiltrates can be seen in juvenile xanthogranulomatosis (fig. 1), undiagnosed 

retinoblastoma, medulloblastoma (fig. 1) or recurrent or previously undiagnosed 

acute leukaemia. Consequently, key immunostains in such cases are CD68, vimentin, 

cytokeratin and myeloperoxidase (and/or CD34), respectively. In an older patient, the 

neoplastic lesions to be considered in the differential diagnoses include an anterior 

chamber manifestation of uveal melanoma or vitreoretinal lymphoma, secondary 

intraocular involvement of systemic lymphoma (e.g. B- cell non- Hodgkin lymphoma 

or multiple myeloma) or leukaemia, as well as an intraocular metastasis of carcinoma. 

Consequently, important initial immunostains in these cases to consider would be 

Conventional histochemical stains Detects Examples/comments

CD68PG Pan- macrophage marker

MelanA, HMB- 45, MITF Melanocyte markers

Cytokeratin e.g. MNF- 116, AE1/AE3, 

CAM5.2

CK7 and CK20 Cytokeratin subtypes Enable closer 

approximations of likely site 

of primary carcinoma in 

intraocular carcinoma 

metastases

PSA Prostate specific antigen Nuclear staining in 

metastatic prostate 

carcinoma cells 

TTF1 Thyroidal transcription 

factor 1

Nuclear staining in 80% 

primary and metastatic 

pulmonary 

adenocarcinomas

Anti- cytomegalovirus Against early and late 

antigens allowing for 

detection in nucleus and 

cytoplasm

Anti- Tropheryma whipplei Polyclonal antibody

Table 1. Continued
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Table 2. Methods used in the cytogenetic and molecular genetic analysis of uveal melanoma

Method Material examined/ 

required

Summary

Fluorescence in 

situ 

hybridization 

Tumour chromosome A cytogenetic technique that is used to detect and 

localize the presence or absence of specific DNA 

sequences on chromosomes. FISH uses fluorescent 

probes that bind to only those parts of the 

chromosome with which they show a high degree of 

sequence similarity. For example, centromeric probe 

on chromosomes 3 and 8, as well as directed against 

6p and 8q (c- myc) in uveal melanoma 

Multiple 

ligation 

dependent 

probe 

amplification 

Tumour DNA Multiplex polymerase chain reaction- based method 

examining numerous particular loci in one reaction. 

For example, the SALSA kit (P029) examines 31 loci 

across chr. 1, 3p, 6 and 8 in uveal melanoma 

Microsatellite 

analysis 

Tumour DNA and 

control serum

Microsatellites, also known as simple sequence 

repeats or short tandem repeats, are repeating 

sequences of 1–6 base pairs of DNA. They are used 

as molecular markers to study gene duplication or 

deletion. Microsatellites can be amplified for 

identification by polymerase chain reaction, using 

the unique sequences of flanking regions as primers

Array 

comparative 

genomic 

hybridization 

Tumour DNA Array comparative genomic hybridization is a 

technique to detect genomic copy number 

variations at a higher resolution level than 

chromosome- based comparative genomic 

hybridization. DNA from a test sample and normal 

reference sample are labelled differentially, using 

different fluorophores, and hybridized to several 

thousand probes. The probes are derived from most 

of the known genes and non- coding regions of the 

genome, printed on a glass slide.

The ratio of the fluorescence intensity of the test to 

that of the reference DNA is then calculated, to 

measure the copy number changes for a particular 

location in the genome 

Gene 

expression 

profiling 

Tumour RNA Gene expression profiling is the measurement of 

the activity (the expression) of thousands of genes 

at once, to create a global picture of cellular 

function. By examining the mRNA, the activity of 

the cell (e.g. tumour cell) can be determined
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Fig. 1. a Clinical photograph of a yellow- coloured iris lesion in a 16- year- old patient. b Cytospins 

demonstrated that this tumour consisted predominantly of macrophages with foamy cytoplasm on 

a haemorrhagic background. Although no obvious Touton- like macrophages were present, the find-

ings were consistent with juvenile xanthogranulomatosis (MGG, ×60). Inset: CD68+ macrophages 

(PAP stain); the MelanA stain was negative. c Cytospins of an intraocular biopsy performed in 

9- year- old girl with a cystic tumour involving the iris and ciliary body. Numerous immature blasts 
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MelanA, CD20 (or PAX5), CD138, myeloperoxidase and pancytokeratin (e.g. MNF-

 116), respectively (table 1). Incisional or excisional biopsies may be performed in 

patients with iridal lesions of uncertain nature, by using FNAB, vitreous cutter, or 

by performing either a peripheral iridectomy or iridocyclectomy. Shields et al. [24] 

presented a review of 100 consecutive cases of iridal lesions biopsied over a 24- year 

period and reported a diagnostic yield of 99% after performing 1 (74%), 2 (24%) or 

3 (2%) passes into the lesions. The advantage of either a peripheral iridectomy or 

iridocyclectomy over an FNAB or a vitreous cutter is the maintenance of the iris and 

ciliary body architecture, which is particularly important for the pathologist to relate 

potentially neoplastic cells to their normal tissue counterparts and to the iris/ciliary 

body structure. For example, in the differential diagnosis of iris naevus versus spindle 

cell iris melanoma, it is important to observe the relationship of the proliferating mel-

anocytes with the stroma and with respect to the anterior surface of the iris (fig. 1) 

[25]. An iridocyclectomy is also useful in cases of melanocytoma (fig. 1) as well as in 

clarifying puzzling ciliary body or iris tumours, whose clinical response is at variance 

to that expected. For example, a pigmented ciliary body adenocarcinoma primarily 

treated as melanoma with proton beam radiotherapy was successfully treated with 

an iridocyclectomy on development of ‘toxic tumour syndrome’, revealing the correct 

diagnosis [26]. Another rare oddity diagnosed with the help of an iridocyclectomy 

was ectopic thyroid gland in the iris in a 15- year- old male. [27].

Examination of Choroidal Samples

Posterior uveal tumour samples vary considerably in volume between those obtained 

by FNAB, vitreous cutter, endoresection, local resection and enucleation. The proce-

dure performed depends on a number of factors, including tumour location, tumour 

size, clinical differential diagnoses and anticipated result, patient age, safety and moti-

vation. There is a strong correlation between the success rate in achieving an unequiv-

ocal diagnosis using FNAB and tumour thickness [28, 29]. Essentially, FNAB can be 

expected to give useful information in choroidal lesions >3 mm in thickness, but is 

unreliable in lesions thinner than 2 mm. For example, histological differentiation 

with narrow cytoplasmic rims and large nuclei with dense chromatin and occasional discrete blasts 

were seen (MGG, ×40). d Immunostains demonstrated positivity for vimentin, cytokeratin and syn-

aptophysin (PAP, ×40). e Iridocyclectomy specimen with a densely infiltrating melanocytic tumour 

with destruction of the architecture of the iris, and with a dense plaque- like growth of tumour cells 

on the anterior surface of the iris and extending into the angle (not shown) (HE section, ×10). f High-

 power magnification of the tumour cells demonstrated significant cellular atypia, consistent with an 

iris melanoma (HE section, ×40). g Iridocyclectomy specimen of a small dark- pigmented tumour (HE 

section, ×2). h Bleached PAS stain shows that the melanocytic lesion was composed of small naevoid 

cells with voluminous cytoplasm in the absence of cellular atypia and mitoses, consistent with a 

magnocellular naevus (melanocytoma) (periodic acid- Schiff stain, ×10).
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between uveal naevi and a spindle cell melanoma may be extremely difficult. Our 

protocol for establishing a diagnosis using morphological and immunohistochemi-

cal stains is described above. Essentially, included in the differential diagnosis are 

primary neoplasms of the choroid (e.g. uveal melanoma, choroidal neurilemmoma, 

suprachoroidal adenoma, choroidal lymphoma) as well as secondary neoplasms 

(e.g. metastatic carcinoma, choroidal manifestations of systemic lymphoma and rare 

metastases of sarcomas) (fig. 2) [30]. When diagnosing uveal melanoma, an attempt 

at typing with respect to cell morphology is made, although this may be problematic 

in paucicellular or necrotic specimens. Additionally, when sufficient material is avail-

able, immunocytological stains for markers, such as heat shock protein (HSP)- 27, are 

performed. The decreased expression of the latter in uveal melanoma cells with epi-

thelioid cell morphology has been associated with chromosome 3 loss [31]. Whenever 

possible, DNA is extracted from the biopsy specimen to assess chromosomal status: 

at present, we are using multiplex ligation- dependent probe amplification (MLPA) to 

examine 31 loci across chromosomes 1, 3, 6 and 8 [32, 33].

Prognostication and Intraocular Biopsies

Approximately 90% of all uveal melanomas involve the choroid. Despite success-

ful ocular treatment, about 50% of patients die of metastatic disease, which usually 

involves the liver. Estimation of metastasis and therefore survival probability in uveal 

melanoma tends to be based on clinical features, particularly largest basal tumour 

diameter, tumour thickness, ciliary body involvement and extraocular spread. These 

tumour characteristics form the basis of the 7th edition of the UICC/AJCC TNM 

staging system. Several histomorphological predictors for metastasis in uveal melano-

mas are recognized, with the most widely used comprising the presence of epithelioid 

cells; high mitotic count; low HSP- 27 staining score, and the presence of periodic-

 acid- Schiff- positive closed connective tissue loops [34]. In 1996, Prescher et al. [35] 

demonstrated a strong correlation between chromosome 3 loss and metastatic death. 

Since then, other chromosomal abnormalities have been shown to correlate with 

poor prognosis, including 8q gain, 8p loss, 1p loss, 6q loss and lack of 6p gain [36, 

37]. In 1999, we started offering genetic tumour typing to all patients treated by local 

resection or enucleation using fluorescence in situ hybridization (FISH), examining 

the status of chromosome 3 and, later, chromosomes 6 and 8. [38]. Other groups used 

FISH on FNAB, ‘open biopsies’ and enucleation specimens claiming that (a) there was 

good consistency between the small and larger biopsies, and (b) FISH was reliable 

for establishing the presence/absence of chromosome 3 and 8 abnormalities, despite 

some tumour clonal heterogeneity [36, 39, 40]. In a long- term study, however, we 

demonstrated that FISH lacked sensitivity when only the centromeric probe of chro-

mosome 3 was applied, resulting in small chromosomal abnormalities being missed, 

and in a false- negative rate of 5% [38]. Other groups also showed the poor sensitivity 
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Fig. 2. a Funduscopy picture of a 52- year- old male patient with a dense and diffuse creamy orange-

 coloured choroidal infiltrate. b Chorioretinal biopsy revealed a small cell lymphoid infiltrate within 

the choroid. The cells had a plasmacytic differentiation with occasional scattered Dutcher bodies (HE 

section, ×20). c On immunohistochemical staining, there was clear dominance of the B- cell popula-

tion over the few admixed reactive T- lymphocytes (PAP staining, ×40). The monotypical nature of the 

infiltrate could be demonstrated in the IgM stain (not shown). The findings were consistent with a 

low- grade B- cell lymphoma and it was subtyped as a primary extranodal marginal zone B- cell lym-

phoma of the choroid. d Single nodular peripapillary lesion in the right eye of this 62- year- old man 

with an otherwise unremarkable medical history. e An intraocular biopsy was made and the cytospins 

demonstrated numerous atypical cells, many of which contained intracytoplasmic vacuoles, positive 

on mucin stains (MGG, ×60). f Immunohistochemistry showed positivity of the cells for cytokeratin 

and thyroglobulin transcription factor- 1, these findings being consistent with a metastatic bronchial 

carcinoma (PAP stain, ×20). g Funduscopy picture in a 48- year- old woman with a previous history of 

breast carcinoma. h Intraocular biopsy produced a cell- rich sample, which was embedded in paraf-

fin. Sections showed numerous cohesive atypical cells with a haemorrhagic and necrotic background 

(HE section, ×40). i Immunostaining for oestrogen receptors revealed positivity of these neoplastic 

cells, consistent with metastatic breast carcinoma (PAP staining, ×40).
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of FISH when compared with molecular genetic techniques, such as microsatellite 

analysis (MSA) and array comparative genomic hybridization (aCGH) [41, 42]. In 

2006, we replaced FISH with MLPA, which examines for genetic gains and losses of 

31 loci by means of a multiplex polymerase chain reaction (PCR) [32]. We chose this 

method as it was affordable by our national health service, because it could be applied 

to both fresh and formalin- fixed paraffin- embedded tumour material, and it catered 

for even small intraocular biopsies (fig. 3, 4). We used a kit specifically designed for 

uveal melanoma [SALSA P027(B1), MRC- Holland, Amsterdam, the Netherlands]. 

This comprises 12 control probes and test probes directed at 7 loci on chromosome 

1, 13 loci on chromosome 3, 6 loci on chromosome 6 and 5 loci on chromosome 

8. Prior to its routine implementation, we evaluated MLPA with 73 frozen archival 

biopsies of choroidal melanomas with long- term clinical follow- up, and found good 

correlations with survival. We also validated MLPA using both aCGH and MSA in 32 

cases of uveal melanoma, demonstrating good concordance between the techniques 

[Killender et al., in preparation] (fig. 4). Important findings from these studies were 

that chromosome 3 loss and chromosome 8q gain were associated with increased 

risk of metastasis even when the MLPA values showed only borderline, or equivo-

cal, abnormality [32]. Such borderline MLPA abnormality was subsequently found 

to reflect intratumoural melanocytic clonal heterogeneity [23]. Apart from increased 

sensitivity, MLPA had the additional benefit of requiring smaller samples, thereby 

making it possible to test small tumour specimens obtained by transscleral FNAB 

or transretinal biopsy performed with a 25- gauge vitreous cutter. Since 2007, there-

fore, we have also performed MLPA on biopsies of uveal melanomas treated by radio-

therapy or phototherapy. Our recent audit of 452 uveal melanomas examined using 

MLPA would support the use of MLPA for routine clinical prognostication, especially 

if the genetic data are considered together with clinical and histological risk factors 

[33]. 

Other ocular oncology centres examine chromosomal status in uveal melanoma 

using aCGH, MSA and high- density single nucleotide polymorphisms (table 2) [43]. 

For example, Shields et al. [43] reported the feasibility of genetic testing using FNAB 

material obtained with either a transscleral (52%) or transvitreal (48%) approach in a 

series of 140 cases at the time of plaque radiotherapy. Adequate DNA was provided for 

genetic analysis using MSA for monosomy 3 in 75 and 97%, respectively. In a series of 

57 eyes treated with iodine- 125 plaque brachytherapy, information on chromosome 

3 status was obtained in 73% of cases [42]. An RNA- based method, which subdivides 

into class 1 and class 2 uveal melanomas, is gene expression profiling [44– 46]. Genes 

that discriminate class 1 (low- grade) from class 2 (high- grade) include highly sig-

nificant clusters of downregulated genes on chromosome 3 and upregulated genes 

on chromosome 8q, which is consistent with previous cytogenetic studies. This has 

been adapted into a commercially available PCR- based kit employing 12 signature 

genes for tumour prediction [47]. Although the above- mentioned techniques vary, 

they essentially have the same aim, i.e. to identify those uveal melanoma patients with 
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Fig. 3. a Funduscopy picture of a 36- year- old male with a choroidal melanocytic lesion of indetermi-

nate nature. b The biopsy performed was cellular, comprised of medium- sized cells with moderate 

pigment- laden cytoplasm, round nuclei and small nucleoli (MGG, ×60). c The cells showed immuno-

reactivity for the melanocytic marker, MelanA (PAP, ×40). d DNA extracted from the intraocular 

biopsy was of sufficient quality and quantity to perform MLPA, examining 31 loci across chromo-

somes 1, 3, 6 and 8 (y- axis = MLPA dosage quotient). Taken together, the results were consistent with 

a ‘low- grade’ choroidal melanoma with a low risk of metastasis. e Funduscopy picture of a 48- year- old 

male with a partially pigmented choroidal tumour. f Intraocular biopsy revealed a mixed population 

of spindle and epithelioid melanoma cells (HE section, ×40). Inset: MLPA demonstrated this tumour 

to show changes consistent with chromosome 3 loss and gains in 8q (y- axis = MLPA dosage quo-

tient).
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high and low risks of metastasis. The patients are subsequently managed accordingly 

with respect to counselling, frequency of metastasis screening, and possible inclusion 

in clinical trials examining adjunctive therapy [48]. A review of questionnaires sent to 

uveal melanoma patients treated at the Liverpool Ocular Oncology Centre suggests 

that most patients want to have prognostic analyses performed on their tumours and 

indeed want to know the results [49].

Examination of Vitreous Samples

Vitreous samples may be acellular (and therefore non- diagnostic in most cases), or 

cellular. Acellular vitreous samples contain any of the following: condensed vitreous 

strands; iridescent particles such as asteroid hyalosis (calcium soaps) and synchysis 

a

b

c

d

Fig. 4. a Funduscopy of a 55- year- old male with a large pigmented nodular choroidal melanoma. b 

This was treated by endoresection: postoperative picture 3 months after the initial operation. c MLPA 

of the melanoma demonstrated that there were partial deletions in chromosome 3 and increased 

copies of loci on the short arm of chromosome 6 and on both arms of chromosome 8 (y- axis = MLPA 

dosage quotient). d aCGH of the same melanoma demonstrated similar chromosomal changes, 

demonstrating good concordance between the two techniques with respect to chromosomes in 

common. Additional alterations were also seen in chromosome 12 in aCGH (y- axis = log ratio ch1/

ch2). 
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scintillans (cholesterol); amyloid deposits; squames, consisting of conjunctival cells 

artefactually displaced during the vitrectomy procedure; retained lens fragments fol-

lowing cataract removal, and pigment dust. The cellular vitreous samples can be cat-

egorized as: haemorrhagic, inflammatory non- infectious, inflammatory infectious 

and neoplastic.

Vitreous specimens with haemorrhage predictably contain varying amounts of 

erythrocytes, ‘ghost cells’ and haemosiderin- laden macrophages and acellular eosino-

philic material, in various proportions, depending on the age of the haemorrhage. 

Neoplastic cells or microorganisms within the haemorrhage may reveal the underly-

ing cause.

Inflammatory non- infectious vitritis is characterized by cells consisting predomi-

nantly of small T- lymphocytes, which are usually of the CD4+ helper type [20]. 

Varying proportions of admixed macrophages, monocytes, plasma cells and neu-

trophils may also be present. Once malignant cells and microorganisms have been 

excluded, the diagnosis may amount only to a descriptional one, i.e. ‘chronic non-

 specific vitritis’, despite the use of special stains, immunocytology and/or immu-

noglobulin heavy chain PCR for clonality. In such cases, the clinical history and 

examination findings are especially important. Inflammatory, infectious vitritis 

results in vitreous samples composed of abundant cells. Numerous neutrophils are 

very suggestive of a bacterial (suppurative) endophthalmitis, most commonly caused 

by organisms such as Streptococcus sp., Staphylococcus aureus, Staphylococcus epider-

mis, coagulase- negative staphylococcus, Neisseria sp., Bacillus cereus, Haemophilus 

influenzae, Propionibacterium acnes, Pseudomonoas aeruginosa, Klebsiella pneu-

moniae and Escerichia coli [17]. Microbiological cultures or molecular biological 

techniques are usually necessary for the exact identification of the genus and deter-

mination of antibiotic sensitivities [50]; however, bacterial stains of vitreous speci-

mens may identify the causative agent should cultures be negative. It is important to 

note, however, that neutrophilic infiltrates in the aqueous and/or vitreous can occur 

with non- bacterial conditions such as Behçet’s disease. The presence of eosinophils 

in the vitreous suggests conditions such as nematode- induced endophthalmitis (e.g. 

Toxocara canis), sympathetic ophthalmia, Lyme disease, and Eales disease. A predom-

inance of macrophages in the vitreous sample may occur in Whipple’s disease, ocular 

toxoplasmosis (fig. 5) [51] as well as endophthalmitis due to Mycobacterium avium, 

Histoplasmosis capsulatum, Pneumocystis carinii, Cryptococcus and Blastomyces. In 

these conditions, fungal stains such as periodic acid- Schiff, Grocott and mucicarmine 

may reveal cytoplasmic inclusions or cysts of particular sizes and shape (fig. 5). This 

allows for a morphological suggestion of the possible causative microorganism, to be 

confirmed, however, with immunocytology, cultures and/or microorganism- directed 

PCR [52]. Macrophages and multinucleated giant cells suggest a granulomatous pro-

cess, caused by fungal and mycobacterial infections. The most common fungi causing 

fungal endophthalmitis include Candida sp. (fig. 5), Aspergillus fumigatus and flavus, 

as well as Cryptococcus neoformans. Acid- fast bacilli, highlighted with Ziehl- Neelsen, 
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are rarely observed in aqueous and vitreous samples but may be found intracyto-

plasmically within macrophages or retinal pigment epithelial cells in tissue biopsies 

[53]. In the presence of a granulomatous inflammation and negative staining for 

fungi, mycobacteria and other microorganisms, the diagnosis of sarcoidosis should 

be considered, if the history and clinical findings are consistent with this condition. 

In younger patients, juvenile xanthogranulomatosis should be considered, particu-

larly in anterior uveal lesions (fig. 5). Exceptionally rarely, intranuclear and intra-

cytoplasmic viral inclusion bodies (e.g. cytomegalovirus or herpes simplex) may be 

demonstrated in association with necrotic cells in the vitreous sample. Such inclusion 

bodies are, however, more likely to be demonstrated in chorioretinal biopsies, using 

immunohistochemical or immunofluorescence techniques. PCR analysis of ocular 

fluid samples may expedite the diagnosis of such conditions, which is important as 

retinitis can progress rapidly. Syphilis, once the main cause of vitreous opacities [54], 

now accounts for only about 1% of all vitreous opacities but is increasing in inci-

dence, particularly in the HIV- positive population. It should always be considered in 

the differential diagnosis of an inflammatory cellular vitreous infiltrate. 

a b

c d

Fig. 5. a Macrophage- rich vitreous biopsy in a 73- year- old patient with ‘masquerade syndrome’ 

(MGG, ×40). b Within some of the macrophages and also lying freely within the biopsy were 

tachyzoites (arrows), consistent with an ocular toxoplasmosis (MGG, ×60). c Multinucleated mac-

rophage with adjacent small macrophages, consistent with a granulomatous vitritis. Included in the 

differential diagnosis is a mycobacterial infection and sarcoidosis (HE section of an agar block, ×60). 

d Macrophage- rich vitritis caused by Candida species in an immunosuppressed patient (MGG, ×40).
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Neoplastic disease can be diagnosed in vitreous biopsies with the differential diag-

noses of malignant neoplasms including primary ocular tumours such as vitreoreti-

nal lymphoma and retinoblastoma, as well as diseases such as leukaemia, metastatic 

carcinomas and metastatic cutaneous melanomas (fig. 6) [30]. The main neoplastic 

‘masquerader’ to be diagnosed in a vitrectomy specimen is vitreoretinal lymphoma, 

which is located most often within the subretinal space, with perivascular infiltrates in 

the retina and seeding into the vitreous [30]. Cytomorphological examination of vit-

reous infiltrates in vitreoretinal lymphoma demonstrates medium- to- large cells with 

minimal cytoplasm, pleomorphic or round (sometimes bare) nuclei and prominent 

nucleoli (fig. 6). Necrotic material and macrophages are commonly present in the 

background. Immunocytology shows the neoplastic cells to express B- cell antigens 

(CD79a, CD20, PAX- 5) in the majority of cases (fig. 6). Many of these cells stain posi-

tively with the MIB- 1 antibody, which indicates a high growth fraction, i.e. a high-

 grade of malignancy. The diagnosis of lymphoma is supported by demonstration 

of cellular monoclonality, with monotypic expression of either a light and/or heavy 

chain of the immunoglobulin gene (usually IgM) [55, 56]. Should sufficient material 

be available for examination, investigation of the vitreous specimens for rearrange-

ments of the immunoglobulin heavy chain gene using PCR provides further evidence 

of the neoplastic nature of the lymphocytic infiltrate in vitreoretinal lymphoma. 

Biochemical analysis of the vitreous specimen for interleukin ratios (IL- 10:IL- 6) may 

also support the diagnosis of vitreoretinal lymphoma [57]. If possible, retinal lym-

phoma should be distinguished from other types of intraocular lymphoma, namely 

primary uveal lymphoma (fig. 2) and secondary (metastatic) intraocular lymphomas, 

such as secondary T- cell lymphoma (fig. 6) [30].

Non- Diagnostic Intraocular Biopsy

A ‘negative’ tumour biopsy is problematic in cases of intraocular malignancy as (a) 

it fails to provide a diagnosis in a case of suspected neoplasm, and (b) it fails to pro-

vide prognostication information to patients whose demands for such information 

understandably are increasing. The causes of failed intraocular biopsies are many. 

First of all, the bioptic material may not contain any material of diagnostic relevance, 

for example, vitreous in primary uveal lymphomas, and in some cases of retinal lym-

phoma where the tumour cells are ‘hidden’ in the subretinal space with minimal vit-

real involvement. Second, the patient may have been treated with medications (e.g. 

steroids) prior to intraocular biopsy (e.g. vitrectomy), increasing tumour cell fragil-

ity. Thirdly, the size of the biopsy sample may be insufficient, containing only scanty 

tumour cells compared to the total cell population. Fourthly, the specimen may not 

be handled properly, for example, not being placed in the correct fixative or being 

left unfixed for an excessive time. Fifthly, the specimen may be lost during laboratory 

processing (e.g. a tiny retinal biopsy), perhaps as a result of a technical error. Most of 
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a b

c d

e f

g h

Fig. 6. a Moderately cell dense vitrectomy specimen composed of numerous lymphoid blasts with 

admixed macrophages and lytic cells in the background (MGG, ×40). b Immunoreactivity of the lym-

phoid blasts for the B- cell antigen CD20, consistent with a high- grade vitreoretinal lymphoma (dif-

fuse large B- cell lymphoma) (APAAP, ×40). c Dense cellular infiltrate of a vitrectomy specimen 

processed in paraffin. The cells are small to medium in size with a narrow cytoplasmic rim, large 

nuclei and dense nuclear chromatin. In the background are lytic cells and macrophages (HE, ×20). d 

The neoplastic cells are immunoreactive for CD2, CD3 and CD8, consistent with a intraocular mani-

festation of an intestinal T- cell lymphoma (enteropathy- associated T- cell lymphoma; (PAP, ×40). e 

Vitrectomy specimen from a 50- year- old patient with a previous history of cutaneous melanoma. 

Scattered and aggregates of tumour cells, with a rim of cytoplasm containing melanin pigment, are 
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these problems can be avoided by taking the precautions already mentioned in this 

article, and by working closely with an experienced biomedical scientist and report-

ing pathologist. Whenever a non- diagnostic biopsy occurs, it is especially important 

for the clinician and pathologist to confer without delay, so that any errors can be 

avoided if the investigation is repeated.

Conclusions

In agreement with others, our experience would suggest that biopsy of intraocular 

malignancies is a valuable procedure for both diagnostic and prognostic purposes 

in adults. In experienced hands, short- term local complications are rare. Harvesting 

tissue increases the probability of achieving a correct and unequivocal diagnosis, and 

is often the only way to establish a rare diagnosis. The limitations of an intraocular 

biopsy procedure should be taken seriously: for example, an FNAB is not always a 

reliable diagnostic tool with choroidal lesions thinner than 2 mm. Additional immu-

nohistochemical and molecular pathological examinations will probably result in 

most biopsy procedures being performed in major centres, where there is expertise 

in their preparation and interpretation by ocular pathologists. At present, molecu-

lar genetic techniques combined with clinical and histomorphological data allow for 

individualized prognostication and management plans for the patient. We envisage 

in the future that intraocular biopsy will be used to test primary tumours for mark-

ers in determining treatment in ocular oncology, as happens with the HER2 marker 

in breast cancer cells. Targeted therapy with drugs designed for specific molecular 

pathways could then be administered at initial diagnosis according to the particular 

melanoma subtype. In this way, the present grim prognosis of metastatic uveal mela-

noma might be improved.

seen. f Immunoreactivity of the pigment- containing cells for MelanA, consistent with an intraocular 

metastasis of the skin melanoma (PAP, ×20). g Funduscopy picture of a 69- year- old patient with a 

1- year history of acute myeloid leukaemia and a significant vitreous infiltrate. h Vitreous biopsy dem-

onstrated numerous medium- sized cells with moderate cells containing basophilic granula (MGG, 

×40). Inset: these cells were positive for myeloperoxidase (PAP, ×20). Taken together, the findings 

were consistent with an intraocular leukaemic manifestation.
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Abstract
For several decades, targeting of tumor- related vessels has been regarded as a potential anticancer 

therapy. Such anti-angiogenic therapy is based on the assumption that a tumor cannot grow beyond 

the limits of diffusion (about 1– 2 mm) of oxygen and nutrients from capillaries, unless angiogenesis 

takes place. Vascular endothelial growth factor (VEGF) plays a key role in angiogenesis, regulating 

vasopermeability as well as the proliferation and migration of endothelial cells. In several types of 

cancer (colon carcinoma, soft tissue sarcomas and gastric cancer), serum VEGF levels are a marker for 

disease stage and an indicator of metastasis. VEGF levels are significantly elevated in uveal mela-

noma patients with metastatic disease compared to patients without metastases. Anti-angiogenic 

therapy, such as bevacizumab, is currently used for the treatment of metastases of several malignan-

cies. Anti-angiogenic therapy has not yet been tested for the treatment of primary uveal melanoma 

or related metastatic disease. Clinicians, however, have a broad experience with anti-angiogenic 

agents in patients with uveal melanoma by treating the complications of radiation therapy. We will 

discuss tumor angiogenic processes and related molecular pathways in uveal melanoma. The role of 

VEGF and the potential use of current commercially and experimentally available anti-angiogenic 

drugs for the treatment of primary uveal melanoma and/or metastatic disease will be explained 

below. Copyright © 2012 S. Karger AG, Basel

The targeting of tumor- related vessels has been investigated for several decades. The 

fundamental belief that a tumor cannot grow beyond the limits of diffusion (about 1– 2 

mm) of oxygen and nutrients from blood vessels has been advocated since the 1970s. 

Dr. J. Folkman has played a pivotal role, describing the molecular aspects of tumor 

angiogenesis and also predicting anti-angiogenic therapy. Furthermore, he demon-

strated the importance of a potent tumor blood supply for the growth of metastases 

[1]. In uveal melanoma, metastasis occurs exclusively via the hematogenous route, so 

that the tumor vasculature is important [2].

Criscuolo et al. [3] were the first to describe the occurrence of vascular perme-

ability increasing factor in malignant glioma, which we currently know as vascular 
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endothelial growth factor (VEGF). The VEGF- A isotype, referred to as VEGF in 

this review, plays a key role in angiogenesis, regulating vasopermeability as well as 

the proliferation and migration of endothelial cells [4]. In several tumors (e.g. colon 

carcinoma, soft tissue sarcomas and gastric cancer), serum VEGF levels have been 

found to be a marker of disease stage and an indicator of metastasis [5– 7]. In uveal 

melanoma, VEGF expression in serum of patient with a primary tumor, cannot pre-

dict survival. Nevertheless, serum VEGF levels are significantly higher in uveal mel-

anoma patients with metastatic disease compared to patients without such spread 

[8, 9].

In 2004, bevacizumab, the first angiogenesis inhibitor that targets VEGF, was devel-

oped, approved and licensed for intravenous infusion in the treatment of colorectal 

carcinoma [10]. Bevacizumab is also used for the treatment of metastases from sev-

eral other malignancies, including renal and lung cancer [11, 12] and is under investi-

gation for other primary tumors (e.g. pancreas cancer and cutaneous melanoma) [13, 

14]. However, not all results are positive. It has been reported that VEGF inhibitors 

elicit tumor adaptation and increased lymphatic and distant metastasis in patients 

with pancreatic neuroendocrine carcinoma and glioblastoma- bearing mice [15]. In 

uveal melanoma, antiangiogenesis therapy has not yet been used for the treatment of 

primary uveal melanoma or related metastatic disease. Still, there has been extensive 

research into the effect of anti-angiogenic agents such as bevacizumab on uveal mela-

noma cells and animal models [16; el Filali et al., submitted]. Serendipitously, clini-

cians already have a broad experience with anti-angiogenic agents in patients with 

uveal melanoma as a result of treating the complications of radiation therapy of the 

primary tumor.

The role of VEGF as key mediator in tumor angiogenesis and as a main treatment 

target will be addressed as well as several other anti-angiogenic drugs for future treat-

ment of primary uveal melanoma and/or metastatic disease.

Tumor Angiogenesis in Uveal Melanoma

Several authors have investigated the role of blood vessels in uveal melanoma growth 

and metastasis.

Vascular Density

Microvessel density of uveal melanoma was studied by immunohistochemistry and 

has been found to correlate strongly with the risk of metastatic death [17]. Microvessel 

density was shown to be locally induced and not evenly distributed in the whole 

tumor [18, 19]. In subsequent studies, specific ‘hot spots’ of vascular density have 

been shown to correlate with uveal melanoma- related metastatic death [20]. 
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Extracellular Matrix Patterns and Vasculogenic Mimicry

Several extracellular matrix patterns have been described in uveal melanoma. When 

so- called closed loops and networks are present, they predict a worse 10- year prob-

ability of melanoma- specific survival (loops: 0.45 vs. 0.83; two- sided p < 0.0001, 

and networks: 0.41 vs. 0.72, two- sided p < 0.0001) [21]. Moreover, these patterns 

are also shown in uveal melanoma- related metastases and are described as ‘vascu-

logenic mimicry’. This concept proposes the formation of fluid- conducting channels 

by tumor cells independent of local vascular outgrowth, without endothelium [22]. 

Vasculogenic mimicry has also been identified in several other malignancies and 

shown to be associated with aggressive tumor behavior [23]. The increased diffusion 

surface that these channels offer could allow continued growth of uveal melanoma. 

Vasculature and Metastatic Disease

For metastases to occur, uveal melanoma cells must detach from the primary tumor 

and invade surrounding tissues to enter a nearby blood vessel, after which the cell 

can circulate systemically to a new location. A strong association has been observed 

between tumor cell ingrowth into blood vessels and extraocular extension, which is 

known to indicate a poor survival probability [24, 25]. To form a metastatic tumor, 

the circulating malignant cells must exit the circulation and enter an organ, which in 

case of uveal melanoma is usually the liver [26, 27]. The predominance of liver metas-

tasis cannot be explained solely by blood circulation because the lungs are the first 

organ that uveal melanoma cells encounter. There must be a preferential microenvi-

ronment in which uveal melanoma cells proliferate more easily or quickly. Expression 

of insulin growth factor- 1 receptor (IGF- 1R) in uveal melanoma offers a possible 

explanation for the bad prognosis [28]. IGF- 1, the ligand for IGF- 1R, leads to phos-

phorylation of IGF- 1R, which in turn activates key signal molecules involved in cell 

proliferation [29]. IGF- 1 is mainly produced by the liver and may explain the pref-

erential growth of hepatic metastasis from uveal melanoma [29]. Besides a favorable 

microenvironment, the new location must provide a good blood supply. Interestingly, 

IGF- 1 has been shown to stimulate secretion of VEGF in retinal pigment epithelial 

cells and possibly IGF- 1 signaling is also involved in tumor angiogenesis in hepatic 

metastases from uveal melanoma [30].

Molecular Mediators of Angiogenesis

Uveal melanoma is characterized by slow progression and periods of dormancy, both 

of the primary tumor and of metastases. It has been suggested that this dormancy is 

associated with an avascular phase, in which a conversion to the angiogenic phenotype 
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has yet to be established. This conversion, which is known as the ‘angiogenic switch’, is 

due to an alteration in the balance of inhibitory and stimulatory factors [31]. Folkman 

hypothesized that one important stimulatory factor, called tumor angiogenic factor, 

induces the tumor to convert to such an angiogenic phenotype. VEGF was later iden-

tified as one of the most potent tumor angiogenic factor molecules, which acts as the 

central mediator of tumor angiogenesis by regulating vasopermeability and the pro-

liferation and migration of endothelial cells [4].

Another group of enzymes that has been implicated in tumor angiogenesis and the 

associated tissue remodeling is the family of metalloproteinases (MMPs) [32]. The 

major MMPs involved in tumor angiogenesis are MMP- 2, - 9, and - 14 [33]. The sur-

vival rate of patients with MMP- 2-  and MMP- 9- positive uveal melanomas is worse 

than that of patients with MMP- 2-  and MMP- 9- negative melanomas (31– 27 vs. 85%, 

p < 0.05) [34]. Epidermal growth factor (EGF) and its receptor (EGFR) also have 

an established role in tumorigenesis. EGF(R) is a potent proangiogenic factor able 

to induce migration of endothelial cells and regulate the production of angiogenic 

factors in tumor cells, such as VEGF, basic fibroblast growth factor and angiopoi-

etin [35]. Other common angiogenic factors detected in tumors are platelet- derived 

growth factor, hepatocyte growth factor, and IGF family members [36]. In uveal mel-

anoma, several of these proangiogenic factors have been analyzed. Boyd et al. [37], 

for example, demonstrated uveal melanoma cell expression of basic fibroblast growth 

factor at the protein level by immunohistochemistry and by RT- PCR in almost all 

tested samples (89%), especially around microvasculature. Expression of the recep-

tors for hepatocyte growth factor and IGF are bad prognostic factors in uveal mela-

noma as described earlier [28].

The Role of Vascular Endothelial Growth Factor

Structure

VEGF- α, also termed VEGF- A or VEGF, is a member of the VEGF platelet- derived 

growth factor family that also comprises placenta growth factor [38]. VEGF exists in 

a range of isoforms due to alternative splicing of the RNA: VEGF121, VEGF165 (the 

predominant form), VEGF189, and VEGF206 [39]. VEGF proteins are available to 

cells by at least two different mechanisms: (1) as freely diffusible proteins (VEGF121, 

VEGF165), or (2) after protease activation and cleavage of protein bound to heparin 

(VEGF189, VEGF206) [40]. 

The effects of VEGF are mainly mediated through binding to VEGF receptor 1 (Flt-

 1) and VEGF receptor 2 (KDR), both of which are expressed on vascular endothelial 

cells as well as on tumor cells and on other cells in the tumor microenvironment [41]. 

Flt- 1 and KDR are transmembrane tyrosine kinase receptors that become active upon 

ligand binding and thereby trigger signal transduction pathways that are involved in 
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angiogenesis. VEGF receptor 3 (Flt- 4) is mainly involved in VEGF- C-  and VEGF- D-

 mediated lymphangiogenesis [42]. 

Genetics

The human VEGF gene has been assigned to chromosome 6p21.3 [43]. Chromosome 

6p gain in uveal melanoma has been reported in several studies and includes the 

VEGF locus [44, 45]. A correlation between copy number changes in the 6p region 

and the expression of VEGF in uveal melanoma has not yet been established [46]. 

Moreover, abnormalities of chromosome 6 have been associated with a better survival 

in uveal melanoma patients, which seems to be in conflict with metastasis- promoting 

tumor angiogenesis [47]. Unfortunately, in this study, loss of 6q and gain of 6p were 

combined as one factor, thus limiting the evaluation of the role of 6p unclear.

Regulation

Several factors have been shown to participate in the regulation of VEGF expres-

sion. However, hypoxia is the best known factor and VEGF mRNA expression can 

be induced reversibly by exposure to low oxygen levels in many cell types [48]. The 

key regulator of hypoxia- induced VEGF is the transcription factor hypoxia- inducible 

factor (HIF)- 1α [49]. Under hypoxic conditions, HIF- 1α is stabilized and drives the 

expression of a large cluster of genes including VEGF and erythropoietin [50]. In 

tumors with significant necrosis, the expression of VEGF is mostly upregulated in the 

ischemic tumor cells adjacent to the necrotic areas [51].

Several cytokines or growth factors, such as EGF, platelet- derived growth factor, 

transforming growth factor β, interleukin 6, interleukin 1 and IGF- 1, are also known 

to upregulate VEGF expression in several normal cells, including retinal pigment epi-

thelial cells, and in tumor cells [4, 30, 52]. Uveal melanomas that overexpress one of 

these cytokines/growth factors or the receptors for these ligands might generate auto-

crine signaling that promotes tumor growth and tumor vascularization. Blocking 

IGFR with picropodophyllin in mice with induced choroidal neovascularization 

reduced VEGF levels and vessel formation [53]. In addition, picropodophyllin has 

been shown to inhibit uveal melanoma growth in vivo in uveal melanoma xenografts 

[54]. Furthermore, VEGF expression has been demonstrated to be increased in asso-

ciation with specific genetic events such as loss of tumor suppressor genes or activation 

of oncogenes. The von Hippel- Lindau tumor suppressor gene has been implicated in 

the regulation of VEGF gene expression [55]. Loss of von Hippel- Lindau protein func-

tion results in constitutive activation of HIF- 1α and thus VEGF expression [56, 57].

Oncogenic mutations or amplification of ras and overexpression of v- Src have also 

been shown to upregulate VEGF [58]. Interestingly, we have demonstrated high Src 
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activation in uveal melanoma that is associated with a constitutive activation of the 

mitogen- activated protein kinase (MAPK) pathway and correlated with a bad prog-

nosis [59; el Filali et al., submitted].

Biological Function

VEGF is known to be involved in several different aspects of angiogenesis. After bind-

ing of VEGF to the VEGFR- 1 and - 2, several proteins are activated including focal 

adhesion kinase, PI3K and Src. These downstream kinases promote vascular perme-

ability, endothelial cell proliferation, migration and survival [60]. Originally, VEGF 

was referred to as vascular permeability factor [61]. A rapid increase in vascular per-

meability occurs when the microvasculature is exposed acutely to any number of vas-

cular permeabilizing factors, like VEGF, allowing the diffusion of trophic substances 

to adjacent tumor cells. VEGF promotes proliferation of endothelial cells through 

induction of the Raf- MEK- MAPK pathway and the formation of the endothelial lin-

ing of tumor vessels by attracting circulating endothelial cells. VEGF also activates 

focal adhesion kinase and the PI3- kinase- Akt pathway, inducing subsequent migra-

tion of endothelial cells expressing VEGFR- 2 [60]. In addition, VEGF is involved in 

cell survival (via PI3- kinase/Akt activation and antiapoptotic proteins) and monocyte 

activation, the description of which is beyond the scope of this chapter [62, 63].

Expression and Implication of Vascular Endothelial Growth Factor in Uveal Melanoma

VEGF induction has been extensively demonstrated in a range of malignancies, includ-

ing lung, breast, and gastrointestinal tract tumors [64– 66]. In the eye, VEGF gene and 

protein expression are observed in ocular tissues, primarily in the retina and retinal 

pigment epithelium, and are particularly upregulated in retinopathies that are associ-

ated with angiogenic proliferation [67]. The first study that investigated VEGF gene 

expression in uveal melanoma applied RT- PCR to 7 uveal melanoma cell lines [68]. 

Subsequently, Sheidow et al. [69] showed VEGF immunostaining in uveal melanoma 

samples of enucleated eyes, but did not find any correlation between the occurrence of 

metastatic disease and the amount of VEGF expression in uveal melanoma tissue.

Using immunohistochemistry, Boyd et al. [70] showed only a moderate staining 

of VEGF in uveal melanoma samples (22%; n = 50). On the contrary, all uveal mela-

nomas tested expressed VEGF mRNA (n = 20). Another publication by the same 

investigators describes elevated VEGF concentrations (up to 21.6 ng/ml) in vitreous 

and anterior chamber fluids of eyes with uveal melanoma compared to samples from 

healthy eyes (<0.96 ng/ml). Remarkably, the highest VEGF levels were found in fluids 

of eyes that had been treated with radiation [37]. In studies by Missotten et al. [71] 

and others, elevated VEGF in the aqueous humor of eyes with uveal melanoma was 
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confirmed and found to be correlated with largest basal tumor diameter and tumor 

height. In situ analysis further demonstrated that both the tumor cells as well as the 

retina cells express VEGF [71]. We further investigated the regulation of VEGF in 

uveal melanoma and found that hypoxia massively induces HIF- 1α and VEGF in 

uveal melanoma cell lines and primary tumor cell cultures. On the contrary and as 

expected, TSP- 1, an anti-angiogenic factor, was downregulated when uveal melanoma 

cells were exposed to ischemic conditions (fig. 1). VEGF expression in primary uveal 

melanoma samples (n = 27) was variable (range of expression 0.04– 9.55 normalized 

fold), and demonstrated no correlation with specific histological markers or prog-

nosis. Upregulation of VEGF in uveal melanoma cell lines, in response to hypoxia, 

did not increase cell proliferation [9]. The ability to modulate expression of VEGF by 

uveal melanoma cells may provide the tumor with the opportunity to initiate vascu-

larization. Whether VEGF is essential for tumor angiogenesis should be analyzed in 
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vivo, in a model resembling the tumor environment including paracrine signaling of 

endothelial cells. 

In several tumors (e.g. colon carcinoma, soft tissue sarcomas and gastric cancer), 

serum VEGF levels have been found to be a marker of disease stage and an indicator 

of metastases [5, 6, 72]. Until recently, lactate dehydrogenase and alkaline phosphatase 

were the most indicative serum markers for metastatic disease in uveal melanoma, 

in combination with liver ultrasonography [73, 74]. Elevated serum osteopontin, 

melanoma- inhibitory activity and S- 100β levels showed a correlation with metastatic 

uveal melanoma to the liver in some studies [75, 76]. However, serum markers that 

indicate micrometastases at an early stage would be clinically preferable. In contrast to 

the immunohistochemical study of Sheidow et al. [69], several studies have observed 

VEGF expression in melanoma cell lines to be correlated with development of experi-

mental metastasis [77, 78]. In uveal melanoma, we found no difference in the amount 

of VEGF in sera of uveal melanoma patients compared to healthy people. However, 

VEGF levels are significantly raised in uveal melanoma patients with metastases com-

pared with those without metastic disease (p < 0.001) (fig. 2). The same finding has 

recently been confirmed in other studies [79]. In addition, using a uveal melanoma 

mouse model, VEGF serum levels were increased in the presence of hepatic micro-

metastases in hypoxic regions of the liver [80]. Also, Barak et al. [8] demonstrated a 

significant increase of VEGF in sera of uveal melanoma patients after the occurrence 

of metastases; however, wide inter-patient variance prevents the use of a single VEGF 

serum level to be used as a marker for metastatic disease.
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Fig. 2. Concentration of serum VEGF- A in (metastatic) uveal melanoma patients and controls. 

Concentration of serum VEGF- A in the control group (n = 50), and in patients with (n = 20) and with-

out metastatic (n = 74) uveal melanoma. p values (Mann- Whitney test) between the different groups 

are indicated in the graph. Each box shows the median, quartiles (box length is the interquartile 

range) and whiskers represent the 90th and 10th percentiles (from el Filali et al. [9]). UM = Uveal 

melanoma; MM = metastatic melanoma.
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Approved Anti-Angiogenic Treatment in Cancer

In the last two decades, most of the anticancer angiogenic treatments have focused 

on VEGF/VEGFR and EGF/EGFR, since these factors play such an important role 

in tumor angiogenesis. There are several other anti-angiogenic drugs that have been 

approved for the treatment of several different tumors (table 1). The four main meth-

ods used to block VEGF or any other angiogenic factors are:

1 neutralizing monoclonal antibodies against the factor or its receptor: bevacizumab, 

cetuximab, panitumumab, trastuzumab, ranibuzimab;

2 small molecule tyrosine kinase inhibitors (TKIs) of receptors: sorafenib, sunitinib, 

erlotinib;

3 soluble receptors which act as decoy receptors: VEGF- Trap;

4 ribozymes which specifically target mRNA.

Due to the complexity of angiogenesis, as reviewed in the section on tumor angio-

genesis, it is obvious that there may be several indirect ways to inhibit vessel growth 

besides the direct blocking of angiogenic factors. Temsirolimus (Torisel®), for instance, 

is an mTOR inhibitor that has direct antitumor activity by arresting cells in the G1 phase 

of the cell cycle and increasing apoptosis, but that also suppresses HIF- 1α transcription 

levels in tumor cells, thus reducing VEGF expression and angiogenesis [81]. Bortezomib 

(Velcade®) is a proteasome inhibitor that has been shown to inhibit VEGF, IGF- 1, and 

angiopoietin by an unknown mechanism in multiple myeloma [82]. Thalidomide 

(Thalomid®) has been unpopular since the 1960s when its severe teratogenic effects were 

unknown and its use resulted in malformations of the extremities in unborn children 

of pregnant users. Nevertheless, thalidomide (or its derivative lenalidomide, introduced 

in 2004) has recently been shown to have potent anti-angiogenic properties, such as 

decreasing vascular density and successfully blocking angiogenic factors such as basic 

fibroblast growth factor, and VEGF and it is now under investigation for suppressing 

tumor angiogenesis [83]. Other approved and established drugs that have been found to 

exert anti-angiogenic activity include doxycycline [84] and celecoxcib [85]. 

Additionally, multiple other agents targeting tumor angiogenesis in several differ-

ent ways are still in (pre- )clinical investigation and should provide more treatment 

options in the future.

Anti- VEGF antibodies (bevacizumab) and TKIs (sunitinib and sorafinib) will be 

highlighted in the next section. 

Anti-Angiogenic Therapy in Uveal Melanoma

At this time, no anti-angiogenic drugs are used clinically for the treatment of uveal 

melanoma or its metastases. Intravitreal use of bevacizumab in three cases of uveal 

melanoma who were wrongfully diagnosed as choroidal neovascularizations did not 

demonstrate inhibition of tumor growth [86].
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With regard to the primary tumor, the current treatment includes enucleation, local 

resection and radiotherapy, either by brachytherapy (iodine or ruthenium), stereot-

actic or proton beam irradiation [87– 90]. Radiotherapy achieves local tumor control 

in up to 97% of all treated eyes, and can therefore be regarded as being very effective 

[91, 92]. One could therefore argue whether other therapies, such as anti-angiogenic 

drugs, are necessary. First of all, not all tumors can be irradiated: contraindications 

for irradiation are a tumor height of more than 10.0 mm (or 8.0 mm near the disk), a 

Table 1. Angiogenic inhibitors approved for tumor treatment

Drug Method Indications Treatment

Bevacizumab 

(Avastin®)

Humanized anti-VEGF 

monoclonal antibody

Colorectal cancer, Non-small 

cell lung cancer, Advanced 

breast cancer

In combination with 5-FU- 

chemotherapy, carboplatin and 

paclitaxel 

Sorafenib 

(Nexavar®) 

Small molecule TK inhibitor of 

VEGFR-1, VEGFR-2, VEGFR-3, 

PDGFR-ß, and Raf-1

Advanced renal cell 

carcinoma, Advanced 

hepatocellular carcinoma

Monotherapy

Sunitinib 

(Sutent®)

Small molecule TK inhibitor of 

VEGFR-1, VEGFR-2, VEGFR-3, 

PDGFR- ß, and RET

Gastrointestinal stromal 

tumor, Advanced renal cell 

carcinoma

Monotherapy

Panitumumab 

(Vectibix®) 

Humanized IgG2 anti-EGFR 

monoclonal antibody

Metastatic colorectal cancer Monotherapy after failed 

chemotherapy with 

fluoropyrimidine, oxaliplatin, and 

irinotecan

Cetuximab 

(Erbitux®)

IgG1 anti-EGFR monoclonal 

antibody 

Metastatic colorectal cancer, 

Head and neck cancer

Monotherapy and in combination 

with irinotecan and radiation

Erlotinib 

(Tarveca®) 

Small molecule TK inhibitor of 

EGFR

Non-small cell lung cancer, 

Pancreatic cancer

Monotherapy after failed  

chemotherapy and combination 

with gemcitabine

Trastuzumab 

(Herceptin®) 

Humanized IgG1 anti- HER-2 

monoclonal antibody

Breast cancer Monotherapy and combination 

with doxorubicin, 

cyclophosphamide, and paclitaxel 

Temsirolimus 

(Torisel®)

A small molecule inhibitor of 

mTOR, supression of HIF-1a

Advanced renal cell 

carcinoma

Monotherapy

Bortezomib 

(Velcade®)

Proteasome inhibitor; 

antiangiogenic (inhibition VEGF, 

IGF, Ang; mechanism unclear

Multiple myeloma, Mantle cell 

lymphoma

Monotherapy after failed treatment

Thalidomide 

(Thalomid®)

Immunomodulatory, 

antiangiogenic properties, 

mechanism unclear

Multiple myeloma Combination with dexamethasone 
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tumor diameter of more than 16.0 mm (although in the case of proton beam irradia-

tion, larger tumors can be treated), when the tumor is not clearly defined by echog-

raphy, is diffuse or multifocal, when there is neovascular or secondary glaucoma and 

in case of extrascleral extension [87, 90]. In addition, radiation therapy can lead to 

radiation retinopathy, a delayed- onset complication characterized by retinal ischemia, 

neovascularization and leaking vessels [93, 94]. Ultimately, radiation retinopathy can 

result in a severe decrease of visual acuity in the ‘preserved’ tumor- containing eye.

Anti-Angiogenic Treatment of Radiation Retinopathy

In eyes with uveal melanoma, bevacizumab is frequently utilized for the treatment 

of radiation retinopathy. Radiation retinopathy has been described in up to 63% of 

eyes after plaque radiation [95, 96]. ‘Off- label’ use of intravitreal bevacizumab to 

treat macular edema and neovascularization in radiation retinopathy demonstrates a 

decrease of macular edema and an improvement of visual acuity [97– 99]. 

Other anti- VEGF agents besides bevacizumab have been widely used in ophthal-

mology this last decade in the treatment of age- related macular degeneration, dia-

betic macular edema and neovascular glaucoma. Pegaptanib (Macugen), an aptamer 

that only binds VEGF165, was the first drug to receive approval for the treatment of 

macular degeneration. Although this drug is hardly used for any ocular pathology, 

one case study describes improved visual acuity after treatment with pegaptanib in 

a patient with proliferative radiation retinopathy [100]. Ranibizumab (Lucentis) is a 

recombinant humanized immunoglobulin monoclonal antibody fragment especially 

designed for intraocular use and is approved in many countries. The efficacy and 

safety of ranibizumab were evaluated in several randomized trials involving more than 

1,000 patients with neovascular age- related macular degeneration and was shown to 

significantly maintain (90%) and improve (33%) visual acuity after 24 months [101]. 

In addition, treatment with ranibizumab also improved visual acuity in 4 of 5 patients 

with radiation maculopathy [102]. VEGF- Trap is a soluble protein that acts as a VEGF 

decoy receptor, and is currently undergoing phase 3 testing for age- related macular 

degeneration as well as for metastatic melanoma treatment [103].

Anti-Angiogenic Therapy for Uveal Melanoma Metastasis

Almost 50% of all uveal melanoma patients eventually develop metastatic disease, 

with the current 5- year uveal melanoma- related mortality ranging from 26 to 32% 

[27]. Life expectancy in the case of uveal melanoma- related metastatic disease ranges 

from 2 to 6 months since hardly any effective treatment is currently available; chemo-

therapy and local resection only prolong survival by a few months [104]. A number of 

anti-angiogenic agents may be of clinical use.
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Bevacizumab

Yang et al. [16] studied the effect of bevacizumab on the growth inhibition and num-

ber of hepatic micrometastases in an ocular melanoma mouse model, in which B16 

melanoma cells were inoculated subchoroidally. Bevacizumab was administered by 

intraperitoneal injection (starting dose: 50 or 250 μg/100 μl). Bevacizumab suppressed 

primary ocular melanoma growth and the formation of hepatic micrometastases in a 

dose- dependent manner (p < 0.01). In addition, bevacizumab significantly reduced 

the level of VEGF in the culture media of two human uveal melanoma cell lines. 

In contrast, we found a rather unexpected effect of bevacizumab on uveal mela-

noma. Our mouse model consisted of B16 melanoma cells which were placed into the 

anterior chamber of the eye and bevacizumab (10 times the equivalent human dose, 20 

μg/4 μl; equivalent human dose, 2 μg/4 μl) or a mock injection were given intraocularly. 

In vivo acceleration of intraocular tumor growth was observed in the eyes treated with 

bevacizumab, although it did not influence B16 or uveal melanoma cell proliferation in 

vitro. Remarkably, bevacizumab did increase mRNA VEGF melanoma expression and 

HIF- 1α stabilization in vitro. This was especially seen under hypoxic conditions. Only 

after treatment with bevacizumab did we observe anterior chamber and tumor hemor-

rhages in murine eyes, emphasizing increased microvascular permeability, possibly due 

to induced VEGF expression. This ‘pseudohypoxic’ phenomenon has been described 

in other tumors and may be the consequence of a tumor adaptive or evasive response. 

It will be further elaborated in the following section [el Filali et al., submitted].

Sorafenib

Sorafenib, which inhibits VEGFR, has been tested in a xenograft model in which uveal 

melanoma cell line 92.1 was injected subcutaneously. Mangiameli et al. [105] demon-

strated inhibition of tumor growth (p < 0.0035) and fewer metastases after sorafenib 

treatment (33 vs. 60%). In patients with metastatic cutaneous melanoma, monotherapy 

with sorafenib has demonstrated hardly any antitumor activity [106]. Recently, the final 

results of a phase 3 trial, which compared treatment of metastatic (not including uveal) 

melanoma patients (n = 823) with carboplatin, paclitaxel and with either sorafenib (SCP) 

or a placebo (CP), did not demonstrate a difference in overall survival: the median over-

all survival for the SCP group was 11.1 months (95% CI 10.3– 12.3) and for the CP group 

11.3 months (95% CI 9.7– 12.3) (ASCO meeting 2010, abstract number 8511).

Sunitinib

Sunitinib is another TKI which inhibits VEGFR [107]. There is not much preclinical 

evidence for antitumor activity in uveal melanoma. Still, a clinical benefit in advanced 

metastatic melanoma patients has recently been observed in a phase 2 trial analyz-

ing the effect of sunitinib monotherapy. Three patients (8.3%) demonstrated a partial 

response, with a mean duration of 6.5 months. Nine had stable disease (25%), with a 

mean duration of 4.1 months (range: 3– 8.2 months), and 17 had progressive disease 

(47.2%) (ASCO meeting 2010, abstract number 8518). 
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Although uveal melanoma is the most common intraocular tumor in adults 

(0.7/100,000 per year), it is still a relatively rare form of cancer. Conducting a good 

clinical trial in such a population is therefore quite challenging. There are ongoing 

and recruiting trials investigating bevacizumab, sorafenib and sunitinib as a single 

agent or in combination with other regimes. Most studies are focused on cutane-

ous metastatic melanoma. Fortunately, trials currently also include uveal melanoma 

patients and some of them even enroll only patients with ocular melanoma- related 

metastasis (clinicaltrials.gov). Hopefully this will give us some insight into current 

clinical anti-angiogenic treatments.

Adverse Effects of Anti-Angiogenic Therapy

Vascular Endothelial Growth Factor Inhibitors

Clinical experience with predominantly bevacizumab has revealed that anti- VEGF 

therapy often prolongs overall survival of cancer patients by a few months, without 

really curing metastatic disease [108]. It has been proposed these past few years that 

VEGF inhibitors may actually promote tumorigenesis and metastatic dissemination 

on the long run [15, 109]. Recently, the FDA has prohibited the use of bevacizumab 

(monotherapy) for metastatic breast cancer patients. When we observed tumor accel-

eration after treatment with bevacizumab in our mouse model, we also analyzed the 

effect on human uveal melanoma cells. In vitro treatment with bevacizumab induced 

VEGF mRNA expression in uveal melanoma cells. Moreover, we observed that this 

upregulation involved the HIF- 1α pathway [el Filali et al., submitted]. VEGF inhibitors 

seem to elicit similar effects as described earlier for ischemic conditions that induce 

VEGF expression in uveal melanoma cells through the HIF- 1α pathway. The paradox 

of VEGF upregulation upon anti- VEGF treatment has been dubbed ‘pseudohypoxia’ 

and has been described before in other tumor studies. In mice bearing intracerebral 

glioma, it has been demonstrated that anti- VEGF treatment with pegaptanib (Macugen) 

increases GLUT- 1 expression (glucose transporter also upregulated by HIF- 1α) [51]. 

This ‘pseudohypoxia’ has also been shown to increase tumorigenesis in other types 

of cancer cells. Treatment of mice with pancreatic neuroendocrine tumors with anti-

 VEGFR also resulted in an initial response of tumor stasis followed by tumor recur-

rence. The relapsing tumor expressed higher levels of mRNAs of proangiogenic factors 

and demonstrated several hypoxic regions [110]. Furthermore, treated mice developed 

more invasive tumors and metastatic lesions, all characterized by hypoxic regions [15].

Ischemic conditions caused by anti- VEGF treatment can also lead to recruitment 

of various bone marrow- derived cells that have angiogenic capacities. Proangiogenic 

monocytes induce vessel growth by expression of several cytokines and angiogenic 

factors. In mice bearing glioblastoma multiforme tumors treated with bevacizumab, 

the stabilization of HIF- 1α has been demonstrated to promote angiogenesis by 
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inducing recruitment of mature F4/80+ macrophages [111, 112]. Additionally, a clin-

ical study suggests that hypoxia determines survival outcome in patients treated with 

bevacizumab for glioblastoma multiforme [113]. Since it has previously been shown 

that malignant uveal melanoma tumors in patients with a poor survival contain many 

macrophages, this mechanism is especially relevant [114]. 

Moreover, we may be observing in our experiments resistance of the tumor cells, 

after an initial response phase, to adapt or evade therapy by inducing mechanisms that 

reduce dependence on neovascularization, leading to changed tumor proliferation. 

The ‘pseudohypoxic’ conditions could be responsible for selection of more malig-

nant tumor cells, which are less sensitive to anti-angiogenic treatment and switch on 

other malignant pathways that result in proliferation, migration and invasion. Besides 

angiogenesis and vascular permeability, VEGF has been shown to activate the ras/

raf pathway through activation of the tyrosine kinase VEGF receptors and the down-

stream MAPKs [115, 116]. MAPK- driven proliferation has been shown to play an 

important role in uveal melanoma growth through upstream Src signaling [59].

Tyrosine Kinase Inhibitors

TKI side effects are related to their nonspecific nature [117]. In order to be able to pre-

dict treatment outcome, one should know the effect of TKIs on the different pathways 

and how these pathways may interact. Sorafenib treatment of cutaneous melanoma 

patients may have been disappointing because the combined effect on all inhibited 

kinases turned out to be negative for tumor inhibition [118]. Although the capacity of 

TKIs to target multiple kinases is interesting because of its wide application in several 

different malignancies, it also results in many ‘off- target’ effects demonstrated in several 

clinical trials. For example, hand- foot skin reactions, fatigue, stomatitis, diarrhea, hair 

color changes, myelosuppression, and thyroid dysfunction are frequently associated 

with TKI treatment. In addition, the low effectiveness of available TKIs requires higher 

doses. Unfortunately, higher doses are in turn associated with increased blockade of 

nontarget kinases due to low selectivity, again resulting in toxicity. The off- target effects 

of TKIs have also limited their use in combination with chemotherapeutic drugs due to 

overlapping toxicity profiles. Recently, treatment with sunitinib and sorafenib has been 

associated with cardiovascular toxicity as an adverse event [119]. These limitations have 

led to the development of more selective and potent anti- VEGFR TKIs [120].

Conclusion

Uveal melanoma remains a highly lethal tumor, which results in metastatic disease 

in almost 50% of all patients despite adequate primary tumor treatment. It is there-

fore important to investigate different treatment options to be used in curative or 
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preventive therapy of uveal melanoma- related metastatic disease. Tumor angiogen-

esis has been demonstrated to be of great importance in tumor growth and dissemi-

nation. In addition, tumor vessel formation is also complex and extensive, involving 

various molecular mediators and pathways. Anti-angiogenic therapy has focused on 

VEGF, which has been implicated in uveal melanoma angiogenesis. Unfortunately, 

experimental and clinical trials using anti- VEGF monotherapy have been disappoint-

ing. In addition, VEGF inhibitors may actually promote tumorigenesis and metastatic 

dissemination. The key to effective treatment is good patient and tumor selection. 

The inhibition of protein activity by small molecules appears to be a promising 

approach for several types of malignancies. For example, imatinib has been analyzed 

for treatment of uveal melanoma- related metastases in a clinical trial, based on c- Kit 

overexpression and the in vitro response of cell lines with c- Kit expression to imatinib 

mesylate [121]. Treatment with imatinib mesylate did not result in improved survival, 

which may be due to absence of c- Kit upregulation in the patients in the trial because 

patients had been treated irrespective of their c- Kit tumor status [122, 123]. This 

could also be the case with anti-angiogenic therapies in which patients are treated 

irrespective of the angiogenic profile and VEGF/VEGFR expression of their uveal 

melanoma and/or metastases. We demonstrated that angiogenesis and especially 

VEGF expression can easily be modulated by the uveal melanoma cells themselves, 

either by tumor microenvironment or due to VEGF inhibitors. In addition, structures 

identified as vasculogenic mimicry may provide uveal melanoma with an alternative 

tumor circulation. Therefore, one could still question whether tumor angiogenesis 

and the angiogenic switch are necessary for uveal melanoma growth and malignant 

dissemination. They may merely be a consequence of tumor growth.
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Abstract
Uveal melanoma is a malignancy with exceptional features for treatment with immunotherapy. Primary 

uveal melanoma can be treated with a variety of therapies that may limit the growth of the primary 

tumor in the eye and partially preserve vision. However, none of these treatment modalities prevents 

the development of metastases, which predominantly arise in the liver and universally remain fatal. 

Novel therapies are being explored for their effectiveness against uveal melanoma metastases and 

immunotherapy may be a potential option as an alternative or adjunctive treatment, even in the pro-

phylactic setting. Uveal melanoma may be particularly responsive to T- cell- based immunotherapy 

because it originates in the immune- privileged eye. The localization of the primary tumor in the 

immune- privileged eye excuses the tumor cells from continuous immunological pressure. This may 

render primary uveal melanoma more immunogenic than tumor cells from non-privileged sites and 

allow expression of novel tumor antigens to which the patient’s endogenous T cell repertoire is not 

tolerized. The clinical and genetic differences between cutaneous and uveal melanomas underscore 

the need for immunotherapy specifically designed for uveal melanoma patients. In this review, the cur-

rent developments in the field of immunotherapy for uveal melanoma are discussed, with a special 

emphasis on T- cell- based strategies. Copyright © 2012 S. Karger AG, Basel

Uveal melanoma is the most common cancer of the eye and it metastasizes in up to 

50% of patients with large tumors. The primary tumor in the eye can be treated suc-

cessfully with a variety of therapies. None of these therapies, however, prevents the 

development of metastases. In general, patients diagnosed with primary uveal mela-

noma do not present with detectable metastatic disease, and have a long disease- free 

interval before metastases become clinically evident [1]. Metastatic disease occurs 

predominantly in the liver and is associated with poor survival (median 2– 9 months) 

[1, 2]. Strategies have been developed to control metastatic disease; however, success 

is limited and metastatic uveal melanoma remains universally fatal. Novel therapies 

are being explored for their effectiveness against uveal melanoma metastases and 

immunotherapy may be a potential option, even in the prophylactic setting, to pre-

vent metastatic disease. Since uveal melanomas develop in the immune- privileged 
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environment of the eye, these tumors may express novel and immunogenic tumor 

antigens to which the patient’s endogenous T cells are not tolerized. Uveal melanoma 

may therefore be particularly responsive to T- cell- based immunotherapy.

Protective Antitumor Immune Responses Capitalize on Adaptive Immunity by 

Tumor- Specific T Cells

Since the early stages of immunology, immune responses to cancer have intrigued immu-

nologists such as Paul Ehrlich. Laboratory data and clinical observations have led to the 

development of a variety of cancer immunotherapies. Simultaneously, a growing body of 

evidence suggests that immunosurveillance continuously controls tumor development 

[3]. This immunological pressure may also induce mechanisms that enable tumor cells 

to suppress or evade immune recognition and lead to the development of tumor escape 

variants. Therefore, the challenge for immunotherapy is to induce long- lasting, protec-

tive antitumor immunity and overcome tumor escape from immune recognition.

The immune system interacts with tumor cells via the innate and adaptive arms of 

the immune response. Studies on immunotherapy for melanoma have mostly focused 

on adaptive immunity by antigen- specific T lymphocytes due to their antigen speci-

ficity and memory [4]. Specificity is required to prevent destruction of normal tissues 

and memory is required to prevent recurrences of primary and metastatic tumors. 

There are two major T lymphocyte populations, CD8+ and CD4+ T cells, which rec-

ognize distinct antigens and display distinct effector functions.

CD8+ Cytotoxic T Cells

CD8+ cytotoxic T cells (CTL) possess T cell receptors (TCR) that recognize small 

peptide antigens presented by major histocompatibility class I molecules, in humans 

designated human leukocyte antigen (HLA) class I. CTL activation proceeds through 

clonal expansion of precursor CD8+ T cells, differentiation into cells that acquire 

cytolytic capacity, ending with fully mature CTL that are highly specific. CTL are 

resistant to their own cytolytic factors and therefore able to survive and proceed rap-

idly to kill another tumor target cell. By this recycling mechanism, a small number 

of CTL can eliminate a much larger tumor burden. For these reasons, T- cell- based 

immunotherapies have predominantly focused on CD8+ T cells [4].

CD4+ Helper T Cells

In our efforts to develop an immunotherapy for uveal melanoma, we have focused on 

the activation of CD4+ T lymphocytes which have long been recognized as critical 
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for optimal CD8+ T- cell- mediated immunity [5], either through their classical role as 

‘helper’ T cells that provide cytokine support for CD8+ T cells [6], or by their induc-

tion of CD40 expression on dendritic cells (DC) (‘licensing’), which in turn activate 

CD8+ T cells [7]. CD4+ T helper (Th) cells are also essential for generating CD8+ T 

memory cells and for preventing CD8+ T cells from being tolerized [8].

Historically, CD4+ Th cells were classified as type 1 CD4+ T cells (Th1) or type 

2 CD4+ T cells (Th2) based on their cytokine profile [9]. Th1 cells produce inter-

leukin- 2 (IL- 2) and Interferon-γ (IFN- γ), and facilitate tumor regression. Th2 cells 

produce IL- 4 and IL- 10, and favor tumor progression. In recent years, this Th1/Th2 

paradigm has shifted with the identification of Th17 cells that produce IL- 17 and play 

a role in the induction of autoimmunity [10]. Several novel subpopulations of CD4+ 

Th cells with distinct effector functions have subsequently been classified based on 

their cytokine profile and include Th3, Th9, Th22, T follicular helper cells, Tr cells, 

induced T regulatory cells and natural T regulatory cells [11].

CD4+ Th cells are restricted by HLA class II molecules. Studies on CD4+ Th cells 

have been facilitated by the identification of HLA class- II- restricted tumor antigen 

epitopes and novel cytokines. Conceptually, it may seem challenging to envision a 

direct effector function of CD4+ Th cells in recognition of tumor cells as most tumor 

cells do not express HLA class II. However, since CD4+ Th cells mediate their effects 

by interacting with CD8+ T cells and/or DC, once activated, they do not need to 

directly react with tumor cells [12].

Tumor- Infiltrating Lymphocytes

Similar to cutaneous melanomas, tumor- infiltrating lymphocytes (TIL) have been 

found in uveal melanomas [13– 19]. CD8+ T cells from the peripheral blood of uveal 

melanoma patients, or TIL isolated from primary uveal melanomas are capable of 

lysing human uveal melanoma cells in vitro [16, 20, 21]. Of interest, Nitta et al. [13] 

documented in a small sample size that TIL in uveal melanomas express a restricted 

TCR repertoire predominantly consisting of Vα7. This restricted TCR gene usage in 

uveal melanoma TIL suggests that a specific antigen is targeted.

Uveal Melanoma- Induced Immune Suppression Is a Hurdle to Overcome

The loss or downregulation of HLA class I is an important immune escape me chanism 

that is exploited by tumor cells to avoid T cell recognition and promote tumor progres-

sion. In contrast to the majority of tumors, in uveal melanoma HLA class I expression 

is upregulated during progression to metastatic disease and correlates with a poor 

prognosis [22, 23]. This increased HLA class I expression implies that uveal mela-

noma metastases would be good targets for T cells; but are they really?
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Direct Immunosuppression

A number of directly immunosuppressive properties of uveal melanomas have been 

identified and include local secretion of Tumor Growth Factor β (TGF-β) [24], and 

IFN- γ- mediated induction of the enzyme indoleamine 2,3 dioxygenase that depletes 

the local environment of tryptophan necessary for T cell clonal expansion, prolif-

eration and survival [25]. In addition, constitutive or IFN- γ- induced expression of 

programmed death ligand- 1 by primary uveal melanomas and its metastases inhibits 

T cell activation via binding to program death- 1 on the T cell [26]. Uveal melanoma 

cells are resistant to Fas ligand- induced apoptosis by CTL, despite their expression of 

both Fas and Fas ligand [27]. Furthermore, IFN- γ- stimulated uveal melanoma cells 

become resistant to perforin- mediated cytolysis by MHC- class- I- restricted, cytolytic 

CD8+ T cells [28]. Of note, although IFN- γ is an important cytokine that supports T 

cell activation, it seems to have two faces in immunomodulation of uveal melanoma.

Indirect Immunosuppression

Uveal melanoma cells can indirectly inhibit antitumor immune responses via induction 

of immunosuppressive lymphoid and myeloid cell populations in the tumor microen-

vironment. Tumor- infiltrating T regulatory cells, which are predominantly CD4+ 

FOXP3+ T lymphocytes that produce TGF- β, have been observed in primary uveal 

melanoma tissue [29, 30]. Myeloid- derived suppressor cells are a heterogenous, imma-

ture population of myeloid cells that suppress immunity via a variety of mechanisms 

[31]. For example, myeloid- derived suppressor cells inhibit T cell activation via down-

regulation of the TCR- associated CD3 ζ- chain. In uveal melanoma patients, increased 

levels of myeloid- derived suppressor cells and downregulation of the CD3 ζ- chain on 

T cells in the peripheral blood [32] as well as tumor tissue [19] have been observed. 

The presence of macrophages in primary uveal melanoma stroma is correlated with 

a poor prognosis [33] and the majority of these tumor- infiltrating macrophages are 

of the M2 tumor- promoting, T- cell- suppressing subtype [34]. Collectively, these data 

indicate that immunosuppressive properties of uveal melanoma need to be targeted in 

order to successfully activate uveal melanoma- specific T cells.

Adapting Immunotherapy of Cutaneous Melanoma for Treatment of Uveal 

Melanoma

The shared origin of cutaneous and uveal melanoma suggests that immunotherapy 

developed for cutaneous melanoma would also be effective for uveal melanoma [35]. 

In general, uveal melanoma patients have been included in large cutaneous melanoma 

trials. However, anecdotal reports on small numbers of metastatic uveal melanoma 
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patients included in these trials indicate that immunotherapy developed for cutane-

ous melanoma is unlikely to be effective. This could be due to the clinical and genetic 

differences between cutaneous and uveal melanomas.

Somatic mutations in the heterotrimeric G- protein α- subunit GNAQ, and its 

related gene GNA11, were recently reported to be frequently found in uveal and absent 

in cutaneous melanoma [36, 37]. The cytogenetic alterations monosomy 3, trisomy 

8q and to some extent loss of 6q are characteristic for uveal melanoma [38]. These 

chromosomes may harbor somatically mutated genes important to disease progres-

sion, such as the recently identified somatic mutations in the gene encoding BRCA1-

 associated protein 1 (BAP1) on chromosome 3p21.1 [39]. Components that form the 

signal transduction pathway downstream of mutated genes, such as GNAQ, GNA11 

and BAP1, or other somatically mutated genes could reveal potential tumor antigen 

epitopes to which the patient’s endogenous T cell repertoire may not be tolerized.

These observations emphasize the need for immunotherapy specifically designed 

for uveal melanoma patients. The existing immunotherapy regimens for cutaneous 

melanoma are not dismissed, but should strategically be reconsidered for a different 

mode of application, combination or timing. Two forms of immunotherapy for mela-

noma have been used: (1) approaches that boost the T cell response, including active 

immunization, and (2) adoptive cellular therapy.

Whole Cell- Based Vaccines

Whole tumor cell vaccines are based on the premise that the tumor cell can function 

as a nonprofessional antigen- presenting cell. Despite many regulatory challenges, the 

use of tumor cells in whole cell- based vaccine approaches is still considered attrac-

tive. It is favored since tumor cells generate unique antigens that are processed and 

presented differently in professional antigen- presenting cells. It is challenged for the 

predominantly immunosuppressive phenotype of tumor cells. Mitchell et al. [40] 

reported regression of a large primary choroidal melanoma after treatment with a 

whole cell- based vaccine. The vaccine, called Melacine, consisted of lysates of two 

human cutaneous melanoma cell lines administered with immunologic adjuvant 

Detox.

In vitro studies using unmodified uveal melanoma cells as priming agents for 

CD8+ T cells have given equivocal results. Verbik et al. [41] reported that uveal mela-

noma cells inhibited the activation of CD8+ T cells, and attributed the inhibition to 

the lack of costimulation and HLA class II expression. Two other studies reported 

the activation of CD8+ T cells; however, most of these responses were not restricted 

to HLA class I, and it was unclear if the activated CD8+ T cells were responding 

to uveal melanoma tumor antigens or to alloantigens [20, 42]. Genetic modifica-

tion of uveal melanoma cells to express the costimulatory molecule CD80 resulted 

in slightly better T cell stimulation and enhanced surrogate antigen- presenting cell 
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function [43, 44], but lacked HLA class II expression required for direct CD4+ Th 

cell activation.

Cell- based vaccines were created that consist of uveal melanoma cells that con-

stitutively express HLA class I molecules, do not constitutively express HLA class II 

molecules, and are genetically modified to express CD80 costimulatory molecules 

and HLA class II alleles that are syngeneic to the recipient [45]. For uveal melanoma, 

these vaccines are called MHC II uveal melanoma vaccines (Oculovax™) and were 

specifically designed to activate uveal melanoma- specific, HLA- DR- restricted CD4+ 

T cells and thereby generate protective antitumor immunity and immune memory in 

uveal melanoma patients who are at high risk of developing metastatic disease [46]. 

Our studies demonstrated that MHC II uveal melanoma vaccines efficiently activate 

tumor- reactive, IFN- γ- secreting, HLA- DR- restricted CD4+ T cells as well as tumor-

 specific, cytotoxic CD8+ T cells from healthy donors and uveal melanoma patients 

[46, 47]. Vaccines prepared from individual patients’ primary uveal melanoma cells 

activated CD4+ and CD8+ T cells that cross- reacted with aggressive primary and 

metastatic tumor cells derived from other uveal melanoma patients. Furthermore, 

expression of CD80 costimulatory molecules prevents constitutive and IFN- γ- induced 

uveal melanoma expression of programmed death ligand- 1, and thereby overcomes 

T cell suppression [48].

Due to HLA polymorphism, an MHC class II uveal melanoma vaccine is likely 

to be partially HLA class I allogeneic to the recipient. However, HLA class I match-

ing will be feasible, since the HLA- A2 allele is expressed by approximately 50% of 

uveal melanoma patients [49]. Interestingly, CD8+ T cells activated by the vaccines 

are cytolytic for HLA class I mismatched, as well as syngeneic, uveal melanoma tar-

gets [47]. Kan- Mitchell and colleagues [20, 42] also found that CD8+ T cells from 

patients with uveal melanoma recognized targets independent of HLA class I gen-

otype. Whether uveal melanomas are unusual in inducing this type of allogeneic 

cytotoxicity and how the activated CD8+ T cells recognize HLA class I mismatched 

targets remains unclear.

MHC class II uveal melanoma vaccines must be matched to the HLA class II hap-

lotype of the uveal melanoma patient for only one HLA class II allele. Since HLA class 

II alleles are not as polymorphic as HLA class I alleles and matching for MHC class I 

alleles is not necessary, it will not be necessary to generate a specific vaccine for each 

patient. Instead, a ‘cocktail vaccine’ consisting of a pool of 4– 6 individual primary 

uveal melanoma cell lines each transduced with CD80 and an HLA- DR allele shared 

with the patient may be the most effective and feasible approach for adapting the 

MHC II uveal melanoma vaccines for clinical use [46].

A patient with advanced metastatic uveal melanoma has been treated on a com-

passionate basis with an MHC II uveal melanoma vaccine at the Hadassah University 

Hospital, Jerusalem, Israel. This patient survived well beyond the expected survival 

time and had shown no signs of adverse effects or autoimmunity [Prof. Dr. S. Slavin, 

pers. commun.]. Although statistically significant conclusions cannot be made from a 
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single patient, immunization of the patient with the MHC II uveal melanoma vaccine 

may have elicited a detectable T cell response.

Dendritic Cell-  and Peptide- Based Vaccines

Therapeutic vaccination with tumor antigen- derived peptides is aimed at the activa-

tion of the patient’s endogenous tumor- specific T cells. These peptides are typically 

loaded and presented by DC that are critical for the modulation of effector CD4+ and 

CD8+ T cell responses. Provided they are properly activated, DC superiorly facilitate 

T cell priming and boosting, and are therefore frequently included in peptide- based 

and other immunotherapy approaches [50].

Uveal melanomas may be good targets for peptide- based vaccine therapy, because 

tumor cells express tumor antigens, including the melanoma- specific MAGE anti-

gens MAGE- 1, - 2, and - 3, the melanoma- associated antigens gp100 and tyrosinase 

[51– 54], which are known T cell targets in cutaneous melanoma. Since normal chor-

oidal melanocytes and retinal pigment epithelial cells do not express MAGE antigens 

[52], and immunization of cutaneous melanoma patients with MAGE peptides has 

not produced significant autoimmune problems, targeting these antigens is therapeu-

tically feasible.

Several clinical trials using peptide vaccination in patients with metastatic uveal 

melanoma are ongoing or have been completed (ClinicalTrails.gov). Valmori et 

al. [55] observed a successful CD8+ T cell response of a uveal melanoma patient 

to a vaccine composed of 4 different tumor antigen- derived peptides administered 

simultaneously in incomplete Freund’s adjuvant. Two of the patient’s uveal mela-

noma lymph node metastases expressed Melan- A, tyrosinase and gp100, but not 

NY- ESO- 1. After vaccination, the CD8+ T cell response was readily detected ex vivo 

against the peptide NY- ESO- 1157– 165, and at a later time point against the peptide 

analog Melan- A26– 35 A27L, and the peptide tyrosinase368– 376. No detectable CD8+ T cell 

response was observed against the fourth peptide, gp100457– 466. A rapid decline in 

the vaccine- induced CD8+ T cell responses was observed after the initial response; 

however, subsequent boosting with further peptide injections restimulated the vac-

cine response.

In general, despite robust vaccine- specific immune responses as measured by ex 

vivo laboratory techniques, whole cell- based, peptide and/or DC vaccination have 

shown infrequent objective tumor regression [56]. Therefore, boosting of the in 

vivo T cell response by cancer vaccines need to be further improved. For example, 

tumor antigen presentation is optimized by transfection of DC with tumor antigen-

 encoding mRNA or total mRNA isolated from melanoma cells [57]. In addition, 

the use of longer peptides comprising more CD8+, or both CD4+ and CD8+ T 

cell epitopes has shown a more efficient activation of tumor- specific T cells [58]. 

Alternatively, approaches beyond active immunization are being developed, such 
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as blockade of the T cell immunomodulatory molecule CTLA- 4 by fully human-

ized antibodies (MDX- 010; ipililumab) in conjunction with peptide vaccination 

[59].

Adoptive Cellular Therapy

Adoptive cellular therapy (ACT) for melanoma is a form of immunotherapy that is 

based on the ex vivo activation of tumor- specific T cells and reinfusion of effector T 

cells into melanoma patients [60]. Incidentally, uveal melanoma patients have been 

treated in ACT trials for cutaneous melanoma. One of the first ACT for metastatic 

melanoma consisted of the systemic infusion of autologous lymphocytes activated 

in vitro combined with IL- 2 [61]. This approach was extended to the use of TIL iso-

lated from tumor biopsies, expanded in vitro, and reinfused systemically into the 

patient. Subsequent modifications of these adoptive cell transfer approaches included 

preconditioning of the patient with nonmyeloablative and lymphodepleting chemo-

therapy regimens [62]. The primary objective of preconditioning is considered to be 

the removal of potential immunosuppressive regulatory T cells and to increase the 

levels of T cell growth- promoting factors [63]. To gain specificity, autologous tumor-

 derived lymphocytes were further enriched for CD8+ T cells or tumor- specific CD8+ 

T cell clones before reinfusion [64, 65]. More recently, ACT has been expanded to 

the use of CD4+ Th cells and T cells that are genetically modified to express TCR of 

known high avidity [66], or chimeric tumor antigen- specific receptors (T bodies) that 

target surface antigens independently of HLA class I. Hunder et al. [67] reported on 

a patient with refractory metastatic melanoma who developed a clinical remission 

after infusions with in vitro isolated and expanded CD4+ Th cell clones, specific for 

the NY- ESO- 1 antigen. This clinical observation in a single patient underscores the 

potential of CD4+ Th cells for ACT.

Although ACT is primarily aimed at inducing protective, systemic immune 

responses against metastases, it could have an effect on primary uveal melanomas as 

well. Some metastatic melanoma patients who received ACT and showed dramatic 

clinical responses at the same time developed autoimmunity in the form of vitiligo 

and uveitis [68, 69]. The observation of uveitis in these patients is particularly intrigu-

ing, since it suggests that ocular immune privilege is overcome and recognition of 

melanoma antigens occurs in the uveal tract. Whether similar responses could lead to 

intraocular tumor rejection remains to be seen.

Therapeutic and Prophylactic Immunotherapy for Uveal Melanoma

Immunotherapy for uveal melanoma could be applicable during two stages of the 

disease: (1) in the (neo)adjuvant setting, i.e. at the time of metastatic disease, and (2) 
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in the prophylactic setting, i.e. at the time of primary diagnosis and during follow- up, 

when no metastatic disease is clinically evident (fig. 1).

Tumors that contain monosomy 3 have an increased risk of developing metasta-

ses [70]. In addition, based on microarray studies, primary uveal melanomas can be 

divided into two molecular classes, class I and class II, of which primary tumors that 

express certain epithelial characteristics (class II tumors) metastasize at much higher 

frequencies [71]. If cytogenetic and microarray studies identify classifications of the 

primary tumor that are sufficiently prognostic of metastatic disease, then immuno-

therapy could also be used as a prophylactic treatment for patients who are at high 

risk of developing metastatic disease.

Novel clinical trials are currently active in which high- risk, monosomy 3, 

HLA- A2+ uveal melanoma patients are vaccinated with either melanoma antigen-

Stratification based
on metastatic risk

High risk Immunotherapy, blood sample collection
and immunomonitoring 

Primary diagnosis, 
prognostic testing 
and staging

2 years 5 years 10  years

Primary tissue and 
blood sample 
collection

Low risk
Observation, follow-up and 

blood sample collection

No intervention, blood sample collection
and immunomonitoring

Fig. 1. Study design of immunotherapy for high- risk uveal melanoma patients. Immunotherapy for 

uveal melanoma could be tested in the prophylactic setting, i.e. at the time of primary diagnosis and 

during follow- up, when no metastatic disease is clinically evident. In an open- label, nonrandomized, 

intervention study, patients are stratified according to metastatic risk (gray bar; low risk and high 

risk) based on prognostic test results at primary diagnosis. High- risk uveal melanoma patients are 

further stratified into a treatment or observation arm. As depicted by black arrows, immunothera-

peutic intervention is performed at regular intervals during a 2- , 5-  and 10- year time frame, comple-

mented at a minimum with semester and annual follow- up. At all time points, uveal melanoma tissue 

and/or blood sample collection is crucial for the development of immunotherapeutics and appropri-

ate immunomonitoring. Interventions can include vaccination and/or ACT, among other forms of 

immunotherapy. Outcome measures include immunological and clinical response, overall and 

progression- free survival.
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 derived peptides or melanoma antigen- encoding mRNA- transfected DC in the pro-

phylactic setting (ClinicalTrails.gov). These immunotherapy trials are unique in that 

they vaccinate at early time points in the disease when there is no clinical evidence 

of metastatic disease. Furthermore, at this stage of the disease, bulky metastatic 

tumor load is absent and patients are probably not immunosuppressed, hence more 

responsive to any form of (active) immunotherapy. Long- term follow- up of these 

patients including appropriate immunomonitoring will be very interesting and may 

support the case for immunotherapy at early stages of malignant disease in general. 

Most importantly, it will hopefully provide survival benefit for this universally fatal 

disease.
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Abstract
Uveal melanoma (UM) arises from neural crest- derived melanocytes of the choroid and the ciliary 

body. About 50% of patients develop metastatic disease despite efficient control of the primary 

tumor. For about 15 years, cytogenetic and, recently, genome- wide analysis techniques have shown 

that UM can be classified into 2 genomic groups correlating with prognostic clinicopathologic fea-

tures: class 1 tumors, with a low risk of metastases, typically characterized by a gain of the 6p chro-

mosome arm, often associated with a gain of the distal part of the 8q chromosome arm, and class 2 

tumors, with a high metastatic risk, presenting loss of the entire chromosome 3 and gain of the 

entire 8q, related to the formation of isochromosomes. Genome- wide expression profiling has 

proved to be a powerful tool for separating these 2 classes. However, despite advances in the 

genomic and prognostic characterization of UM, the knowledge of pathways deregulated in these 

tumors is just emerging and, in contrast to cutaneous melanoma, no major predisposing genes are 

known. Altered or deregulated genes are reviewed in this chapter. Inactivating mutations have 

recently been identified by exome sequencing in gene BAP1, mapping to 3p21.1, in class 2 tumors. 

Among other discriminant genes identified from genome- wide expression profiling, PTP4A3, map-

ping to 8q24.3, coding for a protein promoting cell migration, is highly overexpressed in class 2 

tumors. The overall expression signature of class 2 tumors suggests they may originate from neu-

roectodermal stem cells. Copyright © 2012 S. Karger AG, Basel

Uveal melanoma (UM) is a rare neoplasm arising from melanocytes of the chor-

oid or the ciliary body. It is markedly different to cutaneous melanoma in its genet-

ics, genome profiles and tumorigenesis. One of its major clinical features is its high 

propensity to metastasize despite successful treatment of the primary tumor: about 

50% of the patients develop metastases, in 90% of cases to the liver (for a review, see 

Damato [1]). It has been known for about 20 years that UM shows specific chromo-

some rearrangements, some of them, besides certain clinicopathological factors (e.g. 

age, tumor size, location, cell type, microcirculatory patterns, extrascleral invasion), 

being related to prognosis (for a review, see Kilic et al. [2]). More recently, with the 

advent of high- resolution genome and expression profiling, efforts have been made 
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to identify candidate genes in order to better understand the natural history of the 

disease and to better assess the prognosis of patients [3, 4]. In this chapter, we review 

the present knowledge about genetic features of UM at the constitutional and somatic 

levels.

Predisposition to Uveal Melanoma

Rare families of UM and an excess of UM cases among relatives of affected patients 

have been reported. Familial forms, defined by at least 2 cases of this rare tumor in 

relatives, account for 0.6% of cases [5]. Genetic predisposition may also be suspected 

if an early onset occurs or in case of multifocal or bilateral tumors. In a study on 

121 patients with UM, Abdel- Rahman et al. [6] showed that predisposition may also 

involve other cancers, thus the frequency of patients with cancer susceptibility may 

be higher than previously thought. Transmission could correspond to an autosomal 

dominant mode with incomplete penetrance [5]. Suspected by analogy with suscepti-

bility to cutaneous melanoma, CDKN2A, with its variants ARF and INK4, and CDK4 

have been proposed as candidate genes, but a germ line mutation of CDKN2A/INK4 

was found in only 1 UM family, and no mutations of CDKN2A/ARF and CDK4 are 

known [7]. A germ line mutation of CDKN2A/INK4 has been identified in 1 patient 

from a series of 385 patients with a sporadic UM [8]. Another candidate gene is 

BRCA2, as 2 carriers of a mutation of this gene, from 2 independent families, were 

affected by UM [9]. In addition, in a study of 143 Ashkenazic Jewish patients with 

UM, 4 carried the 6174delT BRCA2 mutation [10]. Recently, Buecher et al. [11] found 

no deleterious germ line mutations of CDKN2A/INK4, CDKN2A/ARF, CDK4, and 

BRCA1/2 in 25 individuals with suspected predisposition to UM. In conclusion, these 

genes are not involved in the predisposition to UM in the majority of cases. This con-

firms that the genetic determinism of UM differs from that of cutaneous melanoma.

Genomic Abnormalities in Uveal Melanoma

Cytogenetics

It has been shown since the 1990s that UM usually presents nonrandom, relatively 

simple, cytogenetic abnormalities. These rearrangements, affecting mainly chromo-

somes 1, 3, 6, and 8, have first been identified by karyotype analyses, then by fluo-

rescence in situ hybridization and chromosomal comparative genomic hybridization 

(CGH), performed on tumor material obtained from enucleations (for reviews, see 

Kilic et al. [2] and Harbour [4]). Among these abnormalities, monosomy 3 appears as 

an early event, present in 50– 60% of tumors, which is often associated with isochro-

mosome 8q. The isochromosome 8q is prone to malsegregate during mitoses and to 
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multiply into 2, 3 or more copies, leading to a high level of 8q gain [2]. Monosomy 3 

correlates with ciliary body involvement, epithelioid histology, and a poor outcome, 

whereas disomy 3 tumors are considered as rarely leading to metastatic disease (for a 

review, see Mudhar et al. [12]). The homogeneity of the presence of the abnormality 

in monosomy 3 tumors has been a matter of debate [13– 15]. In our series, we never 

suspected a heterogeneous monosomy 3 in tumors with an abnormal CGH array pro-

file. Tumors with a normal copy number of chromosome 3 usually present a gain of 

6p, often related to isochromosome 6p. Additionally, other recurrent chromosome 

alterations, such as losses of 1p and 16q, have been described [2, 12]. Although cyto-

genetic analyses were very fruitful in the initial identification of characteristic chro-

mosome abnormalities in UM, they have serious limitations. Karyotypic analyses are 

practically possible for large tumors obtained by enucleation and local resection only. 

Moreover, they are dependent on in vitro cell growth, so they provide results only 

for the most proliferative cases and may lead to biased conclusions regarding the real 

frequency of chromosome rearrangements. Another limitation is their low resolu-

tion, about 5 Mb. Interphase fluorescence in situ hybridization necessarily explores 

very limited regions of the genome, in a limited number of nuclei; it is costly and time 

consuming when analyzing several markers, and poorly reliable in this tumor type, 

as variations of 1 copy only for each marker should be detected. This has led to the 

increasing use of genome- wide molecular techniques.

Genome- Wide DNA Copy Number Profiling

Genomic Classification of Tumors

Genome and expression profiling on microarrays makes it now possible to analyze 

tumors that are characterized by combined imbalances with a much higher resolu-

tion and without the biases and limitations of cytogenetic analyses. CGH or single 

nucleotide polymorphism (SNP) arrays produce high- density genome- wide DNA 

copy number profiles. SNP arrays have the advantage of providing the allelic status 

of chromosome segments, which is especially useful for chromosome 3 in UM, for 

which isodisomy, in which 1 copy of chromosome 3 is lost and the other is duplicated, 

may occur [16]. The multiplex ligation- dependent probe amplification (MLPA) tech-

nique is also used for evaluating the status of the chromosome regions that have been 

found to be relevant in UM [17]. Analyses have mainly been carried out on samples of 

large tumors, obtained from enucleated eyes, but, more recently, fine- needle aspirates 

obtained from smaller tumors in vivo have also been analyzed [18, 19]. These genome-

 wide techniques have now provided a precise overview of chromosome imbalances 

in UM [18– 22]. No true amplifications (high- level multiplication of a limited seg-

ment of the genome) have been described in these tumors. Hierarchical unsupervised 

clustering performed on the basis of chromosome imbalances shows that UM can 

be classified into 2 groups separated by the status of chromosome 3: class 1 tumors, 
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with 2 copies, and class 2 tumors, with monosomy 3, representing about 40 and 60%, 

respectively, of tumors analyzed after enucleation. The class 1/class 2 nomenclature 

was defined first by Onken et al. [23] on the basis of expression profiling analysis. The 

proportion of class 2 tumors is only a bit lower in samples obtained by fine- needle 

aspiration, corresponding to smaller tumors: a mean of 46% in the studies of Young et 

al. [18] and McCannel et al. [19], and 50% in our series of 30 samples [unpubl. data]. 

In our CGH array analysis of 86 primary tumors obtained from enucleations [22], a 

complete monosomy 3 was present in 62% of the tumors, a partial or a total gain of 

the long arm of chromosome 8 in 89%, a gain of 6p in 57%, and a loss of 1p and 16q 

in 45 and 31%, respectively. The profiles of these tumors showed that class 1 tumors 

were mainly characterized by a gain of 6p and 8q, distal from band q21 (fig. 1a), and 

class 2 tumors by monosomy 3 and a gain of the entire 8q [22] (fig. 1b). Monosomy 

3 or gain of 6p can be observed as sole imbalances, thus they are considered as a very 

early event. This suggests a bifurcated progression pathway in which monosomy 3 

and gain of 6p are almost mutually exclusive alterations [3, 21, 24, 25]. In addition, 

Ehlers et al. [21] have shown that class 1 tumors exhibit low aneuploidy, whereas class 

2 tumors have higher levels of aneuploidy.

Being present in both classes of UM, gain of 8q is the most frequent imbalance, but 

it occurs as either distal 8q gain, resulting from unbalanced translocations in class 1 
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Fig. 1. Representative CGH array profiles of 2 UM; chip NimbleGen 72K. a Class 1 tumor; gains of 6p 

and distal 8q (arrows). b Class 2 tumor; loss of chromosome 3, gain of entire 8q (arrows).
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tumors, or as whole 8q gain, related to isochromosomes in class 2 tumors, as shown 

by karyotype analyses. The gain of a whole 8q is often associated with loss of 8p; how-

ever, as seen when comparing the genomic profile and karyotype of a given tumor, 8p 

loss may be masked by the presence of 2 normal copies of chromosome 8, in addition 

to isochromosomes. These isochromosomes may accumulate in multiple copies lead-

ing to ratios considered as corresponding to amplifications of the whole 8q in genome 

profiles, but they are in fact only high- level overrepresentations of this chromosome 

arm. The gain of either a partial or a complete 8q appears to be a late event in the 

progression of the tumors.

Few data are available about genome- wide profiling of UM metastases. Our CGH 

array analysis of 63 liver metastases [22] showed that they clustered according to the 

same groups as primary tumors, but in different proportions: class 1 and class 2 rep-

resented 17 and 82% of metastases, respectively.

Chromosome 3

As the status of chromosome 3 is such a crucial marker in UM, several studies have 

been devoted to the precise detection of abnormalities of this chromosome. First, SNP 

array analyses have shown, by their ability to determine the allelic status of chromo-

some 3, that 3– 5% of all UM exhibit isodisomy 3 [16, 22], having the same prognostic 

value as monosomy 3. This abnormality is copy- neutral, and not detectable by CGH 

array or MLPA. Secondly, microsatellite analysis, MLPA, or high- resolution genome-

 wide techniques have shown the existence of partial deletions of chromosome 3, 

either in the short or the long arm of the chromosome, or both [18, 19, 22, 26– 28]. A 

recurrent minimal region of distal deletion has been found in 3p25.3 [22, 26– 28] in 

primary UM, but in 2 liver metastases a minimal region of deletion has been found in 

3p26.3 [22]. However, published cases with partial deletions of chromosome 3 are still 

scarce and analyzed by various techniques, and collaborative studies are warranted to 

collect data with homogeneous techniques, and to look for prognostic correlations.

Prognostic Correlations

From earlier cytogenetic studies we know that tumors with monosomy 3 and gain of 

8q are associated with a high metastatic risk, whereas those with gain of 6p correlate 

with a good prognosis [2, 4, 12]. This has recently been confirmed and clarified by the 

use of high- resolution genome- wide CGH or SNP array techniques [15, 20– 22] and 

MLPA [17], which have shown that class 1 and class 2 profiles were associated with 

low and high metastasis risk, respectively. SNP array appears as the most sensitive 

technique for these prognostic correlations thanks to its ability to detect chromo-

some 3 isodisomy [15]. It is worth noticing that a minority of class 1 tumors, probably 

about 15%, are able to metastasize, as confirmed by class 1 profiles observed in some 

liver metastases [22].
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Candidate Genes

Despite the continuously increasing resolution of methods available for genome- wide 

DNA copy number analysis, minimal regions of imbalance remain relatively large in 

UM, and no candidate genes could be identified with certainty on this basis until now. 

ASAP1 (DDEF1), mapping to 8q24.21, has been proposed as a potential oncogene 

relevant to UM [29]. The same team identified in 4 rapidly metastasizing tumors a 

minimal region of deletion in 8p22- p12 containing a tumor suppressor gene, LZTS1, 

located in 8p21.3, which is downregulated. However, no mutations were found [30].

Molecular genetics analyses have identified a number of alterations reported as 

contributing to melanoma [3, 31]. These include constitutive activation of the MAP 

kinase pathway, for example via activating mutations in BRAF that are found in 

around 60% of cutaneous melanomas [32] and in 13% of UM [33], although only 

in subclones in this tumor. Mutations of the GNAQ gene occur in about 50% of UM 

[34], representing the most common known oncogenic mutation in this cancer. 

GNAQ is a heterotrimeric GTP- binding protein α subunit that couples G- protein-

 coupled receptor signaling to the RAF/MEK/ERK cascade and contributes to MAP 

kinase pathway activation. The presence of this mutation in tumors at all stages of 

malignant progression suggests that it is an early event in UM, but these mutations 

are not correlated with disease- free survival [35]. Recently, mutations in the BAP1 

gene, encoding a nuclear ubiquitin carboxyl- terminal hydrolase that binds to BRCA1 

and BARD1 to form a tumor suppressor heterodimeric complex, have been identi-

fied by exome sequencing [36]. No correlation between GNAQ and BAP1 was found, 

and BAP1 mutations, observed in 84% of class 2 tumors, coincided with the onset of 

metastatic behavior.

Genome- Wide Expression Profiling

Gene expression profiling or transcriptome analysis involves the simultaneous mea-

surement of messenger ribonucleic acid (mRNA) expression of multiple genes. The 

use of this technique together with a statistical approach has identified 2 major sub-

groups of UM, referred to as class 1 and class 2, related to genomic classes [23, 37]. 

The class 2 gene expression profile is closely associated with classical factors of poor 

prognosis, such as larger tumor size, epithelioid cytology, extravascular looping 

matrix patterns, and monosomy 3 [38– 41], but the prognostic accuracy of the class 2 

expression profile is higher than many of these factors taken individually or in combi-

nation. Optimization of transcriptome analysis for clinical applications has released a 

signature of as few as 12 discriminant genes that is able to classify UM tumors [14]. To 

test the efficiency of this classifier in metastasis prediction, we compared, in our own 

series of UM, primary tumors from patients who developed liver metastases within 

3 years after enucleation with tumors from patients that did not develop metastases. 
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The application of the 12- gene classifier [14] to the dataset of our study separates the 

tumors into 2 classes (fig. 2), but 21% of metastasizing tumors remain associated with 

the low- risk group (class 1), warranting further analyses of gene expression to iden-

tify genes more specifically associated with, and hopefully responsible for, metastasis 

[42]. Therefore, we compared the genes differentially expressed in patients with meta1 

tumors (patients who developed metastases within the 3- year follow- up) and meta0 

tumors (nonmetastasizing within the 3- year follow- up). Differentially expressed 

genes include the gene encoding protein tyrosine phosphatase type IV A member 

3 (PTP4A3), which maps to 8q24.3 [43]. A high level of expression of this gene is 

highly predictive of metastases [44]. As mentioned before, DNA copy number analy-

sis has shown that 8q is overrepresented in high- risk tumors; however, the expres-

sion profile of PTP4A3 differed considerably from that of the neighboring genes on 

chromosome arm 8q, demonstrating that this gene was not simply a passenger gene. 

The immunodetection of PTP4A3 in tumor sections demonstrated a positive cor-

relation between RNA and protein levels. Recently, PCBP1, an RNA- binding protein, 

has been demonstrated to be able to suppress the translation of PTP4A3 [45]. Since 

some meta0 tumors expressed high levels of PTP4A3 mRNA [42], a correlation study 

between PTP4A3 and PCBP1 immunostaining and metastasis occurrence remains to 

be performed.

Genetic Pathways in Uveal Melanoma

PTP4A3 Pathways

PTP4A3 is known to promote cell migration and invasion in cancer cells in vitro and 

in vivo [46– 50]. UM cell lines stably producing wild- type, or mutant [47] PTP4A3 

were established and time lapse video microscopy experiments revealed that cells 

producing the wild- type protein migrated faster, paused for shorter periods, and 

travelled further than did cells producing the mutant protein [42]. Cells producing 

the wild- type PTP4A3 had a significantly larger number of focal adhesions (labeled 

with antibodies against PTK2/FAK) covering a significantly smaller surface area than 

cells producing the mutant form of the phosphatase [42]. PTK2, located at 8q24.3, 

was also found to be differentially expressed between meta0 and meta1 tumors, and 

the RNA expression level of this gene is positively correlated with PTP4A3 (Pearson 

coefficient: R = 0.71, p < 0.001). The formation and remodeling of focal contacts is a 

dynamic process regulated by protein tyrosine kinases and small GTPases of the Rho 

family [51], and modulated by PTP4A3.

Fig. 2. Hierarchical clustering (a) and principal component analysis (b) on 12 discriminating genes 

previously described [14]. Tumors are labeled according to their metastatic status (green: meta0; red: 

meta1).
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Downregulation of PTP4A3 reduced metastasis spreading [52], and we con-

firmed with a naturally immunodeficient host chick embryo model that, 1 week 

after inoculation of PTP4A3, overexpressing UM cell lines were able to migrate and 

invade the avian blood system [42]. Thus, in addition to increasing cell migration, 

PTP4A3 may also be involved in the regulation of protease- encoding genes. The 

downstream targets of PTP4A3 are not yet well defined, and RNA studies correlated 

with PTP4A3 expression may indicate either transcriptional targets of PTP4A3, 

or factors that may act synergistically with PTP4A3 in the induction of metasta-

ses. Reciprocally, inversely correlated genes may antagonize PTP4A3 function. 

In primary tumors, PTP4A3 expression correlated with the expression of several 

proteases (including ADAM10 and ADAM12, none of the gene coding for them 

being present in critically abnormal chromosomes) and inversely correlated with 

TIMP3 protease inhibitor levels (R = – 0.57, p < 0.001). ADAM10 (a disintegrin and 

metalloproteinase 10) is involved in the ectodomain shedding of various adhesion 

molecules known to have important roles in the development of malignant mela-

noma and is upregulated in melanoma metastases [53]. ADAM12 has been shown 

to digest extracellular matrix compounds, such as gelatin type IV collagen and 

fibronectin [54].

TCEB1 also positively correlated with PTP4A3 (R = 0.79, p < 0.001) and is, as 

PTP4A3, located on chromosome 8, in 8q21.11. It is one of the 3 subunits of the 

elongin complex (SIII) that activates transcription, and promotes invasion of pros-

tate cancer cells [55]. The invasion- promoting capability of TCEB1 could be due to 

the enhancing expression of invasion- related genes. TCEB1 is also part of the Von 

Hippel- Lindau complex, selectively targeting the HIF1a factor for degradation in the 

presence of oxygen [56], and playing a well- described role in melanoma [57]. The 

Von Hippel- Lindau complex is not the only protein TCEB1 binds to, and it remains to 

be tested whether PTP4A3 is able to interact or control the function of this transcrip-

tion activator.

PTP4A3 has been reported to be able to regulate the C- terminal SRC kinase pro-

tein synthesis through the phosphorylation modulation of the elongation factor 

EIF2α [58]. In response to various environmental stresses, eukaryotic cells down-

regulate protein synthesis by phosphorylation of the α subunit of EIF2. EIF2 is com-

posed of 3 nonidentical subunits, i.e. EIF2α, EIF2β, and EIF2γ [59]. Phosphorylation 

of EIF2α results in the inhibition of the guanine nucleotide exchange factor EIF2β, 

thereby reducing the rate of the GDP- to- GTP exchange that is required for EIF2 to 

carry out additional rounds of translation initiation. The eukaryotic EIF2α kinases 

share extensive homology within their catalytic domains, but have distinct regula-

tory domains allowing for different physiologic signals to regulate phosphorylation 

of EIF2α. EIF2AK1 mediates downregulation of protein synthesis by the phosphory-

lation of EIF2α. We observed that EIF2AK1 is differentially expressed in meta0 and 

meta1 tumors and may therefore participate in the metastatic phenotype through pro-

tein synthesis regulation. C- terminal SRC kinase is a negative regulator of SRC. SRC 
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activity is controlled by autophosphorylation of Tyr- 416 in the kinase domain and 

through phosphorylation of Tyr- 527 in the C- terminal tail. The latter phosphoryla-

tion event, catalyzed by C- terminal SRC kinase [60], represses SRC activity through 

an inhibitory intramolecular pTyr- 527- SH2 interaction [61]. SRC kinase initiates a 

number of signal pathways responsible for increased cell growth and motility [62], 

including PTK2 from focal adhesions [63]. This is consistent with SRC being acti-

vated in a large number of malignancies and cancer metastases [64, 65], and poten-

tially being an indirect target of PTP4A3.

ASAP1/DDEF1

Development and differentiation enhancing factor 1 (DDEF1), mapping to 8q24.21, 

also known as Arf- GAP containing SH3, ankyrin repeats and pleckstrin domain 

(ASAP1, official name), is an ADP ribosylation factor GTPase- activating protein that 

interacts with signal transduction proteins involved in growth and differentiation, 

such as SRC, FAK, phosphatidylinositol 4,5- biphosphate, and CRK and regulates 

actin cytoskeletal remodeling that is necessary for cell motility. Overexpression of 

the ASAP1/DDEF1 protein disrupts focal adhesion turnover, thereby blocking cell 

spreading and promoting cell motility [29]. DDEF1/ASAP1 expression is strongly 

correlated with PTP4A3 (R = 0.78, p < 0.001), and biochemical interaction between 

these 2 factors remain to be studied.

MITF

MITF is a basic helix- loop- helix leucine zipper transcription factor involved in the 

maturation of neural crest- derived melanocytes, retinal pigment epithelium and bone 

marrow- derived mast cells and osteoclasts [66]. It is widely expressed in melanomas 

(cutaneous and uveal), but its role in melanocyte transformation is unclear. Over 

the years, MITF function in melanocyte homeostasis and melanoma development 

has been widely studied. In normal melanocytes, MITF dosage and activity acts as a 

rheostat to provide proproliferative or antiproliferative signals in order to promote an 

adequate cellular answer to external stimuli [67]. Several proteins that contribute to 

cell migration/invasion (DIAPH1 and c- MET), survival (BCL2, HIF1a, c- MET, and 

ML- IAP), and proliferation (CDK2) have been identified as MITF target genes [67]. 

MITF is critically required to prevent senescence and to favor melanoma cell prolif-

eration [68].

MITF amplification occurs during skin melanoma progression, and ectopic MITF 

expression, in conjunction with the BRAF (V600E) mutant protein, transforms pri-

mary human melanocytes; thus, MITF can function as a melanoma oncogene [69]. 

However, a reduction in MITF expression has been reported to be linked to the 
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metastatic behavior of the cells through its control of the DIAPH1 gene [70], and 

MITF is located at 3p14.1, in a commonly lost chromosome in UM.

MicroRNAs

MicroRNAs (miRNAs) constitute a class of small (21-  to 24- nucleotide) noncoding 

RNAs that reduce translation and stability of target mRNAs through sequence- specific 

interaction with their 3�- untranslated region. miRNAs play key roles in the develop-

ment and establishment of cell identity [71, 72]. An aberrant expression or metabolism 

of miRNA has been linked to cancer. Abnormal levels of miRNA can affect many cel-

lular processes that are routinely altered in cancer, such as differentiation, proliferation, 

apoptosis and migration. Some miRNAs exhibit differential expression levels in cancers 

and have demonstrated the capacity to affect cellular transformation and metastasis 

[73]. miR- 137 targeting MITF is located at 1p22 [74], a region commonly lost in UM 

[20– 22], and may therefore explain why deletion of chromosome 3 does not signifi-

cantly decrease the MITF expression level. In addition, miRNAs have been identified as 

highly accurate biomarkers for metastatic risk in UM [75]. MITF expression is not cor-

related with PTP4A3 expression, but preliminary experiments suggest that PTP4A3 is 

able to modulate the MITF expression potential on target promoters (data not shown).

Biochemical Pathways Correlated with Metastasis Development

Epithelial- to- Mesenchymal Transition

Evidence accumulates that epithelial- to- mesenchymal transition (EMT) represents 

an important correlate of late- stage tumor progression, and recent reports indicate 

that the emergence of cells exhibiting stem- cell- like features occurs in part as a result 

of EMT, also contributing to drug resistance [76, 77]. EMT inducers, such as trans-

forming growth factor- β or receptor tyrosine kinase ligands, trigger changes in gene 

expression by complex signaling networks. A paramount consequence of these sig-

naling events is the upregulation of transcriptional repressors reducing E- cadherin 

(CDH1 gene) expression. Such a reduction causes adherent- junction breakdown, and 

along with other signaling events such as modulation of Rho GTPase function, loss 

of cell polarity ensues [76, 77]. During EMT, cells acquire a spindle- shaped, highly 

motile fibroblastoid phenotype. This behavior differs from results showing increased 

expression of E- cadherin in class 2 tumors [39]. Experiments performed by Onken et 

al. [39] predict the existence of an activator associated with the E- box2 element of the 

CDH1 promoter that is inhibited by ID2, a dominant- negative inhibitor of basic helix-

 loop- helix transcription factors [78]. CDH1 is not differentially expressed between our 

meta0 and meta1 tumors, but ID2 is significantly downregulated in meta1 tumors, thus 
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resulting in CDH1 overexpression. ID2 expression is inversely correlated with PTP4A3 

(R = – 0.71, p < 0.001), suggesting a possibly negative interconnection between these 2 

factors. ID2 also regulates the allocation of ectodermal stem cells into the neural crest 

lineage [79] and inhibits the expression of class 2 phenotypic features (e.g. epithelioid 

morphology, ECM patterns, and membranous E- cadherin expression).

Cancer Stem Cells

There is increasing evidence for the existence of cancer stem cells in many forms of 

cancer, and it appears that these cells are responsible for dissemination, repopula-

tion, and recapitulation of the tumor at distant sites [80]. Indeed, class 2 tumors show 

significant transcriptional similarity to primitive neural and ectodermal stem cells 

[81]. In contrast, class 1 tumors show similarity only to more mature neural crest cells 

and differentiated melanocytes. Interestingly, class 2 tumors do not exhibit similarity 

to undifferentiated embryonic stem cells, suggesting that the class 2 signature does 

not correspond to a generalized ‘dedifferentiation’ but, rather, to the emergence of a 

lineage- specific primitive transcriptional program [81].

Conclusion

Characteristic DNA copy number and expression profiles have been identified in UM, 

which are strongly correlated with prognosis. Identification of the genetic pathways 

associated with metastasis is still in a preliminary stage, but several results suggest 

that distinct genes over-  or underexpressed (through DNA copy gains or losses, or 

deregulated transcription) may be involved in cooperative pathways. Transcriptional 

deregulation is not the only way to deregulate biochemical pathways, since muta-

tions have been found in genes involved in homologous reparation of double- strand 

DNA breaks (inactivating somatic mutations in BAP1) or modulating MAP kinase 

pathways (activating mutations in BRAF or GNAQ). It can be anticipated that new-

 generation sequencing performed on primary tumors, metastases, and constitutional 

DNAs from the same patient will disclose crucial newly mutated genes, shedding light 

on the mechanisms of UM tumorigenesis and metastasis development, and opening 

the way for rational therapies.
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Abstract
Systemic treatments for metastatic uveal melanoma patients give poor results. R0 resection of liver 

metastases showed a real benefit in survival in a very highly selected population. Based on our mul-

tivariate analysis, we propose surgical treatment to metastatic patients with time from diagnosis of 

uveal melanoma to liver metastases >24 months, number of liver metastases ≤4 lesions, and absence 

of detectable miliary disease. Liver MRI is currently the best imaging method in this context even if 

miliary disease is still difficult to diagnose. Molecular and chromosomal classification strongly pre-

dicting metastatic death has to be used to identify genetic profiles and pathways involved in the 

pathogenesis of uveal melanoma leading to new targeted therapeutic strategies.

Copyright © 2012 S. Karger AG, Basel

The risk of developing metastases is the major challenge in uveal melanoma. The 

numerous advances in the treatment of the primary tumor have not resulted in any 

improvement in survival rates [1], and metastases are only rarely detected at the time 

of initial diagnosis (only in 5% of the patients).

Up to 50% of patients may develop metastases within a median time of 2.4 years 

[2, 3], leading to inevitable death because of potential micrometastases that are unde-

tectable at the time of the primary tumor diagnosis.

Metastases occur via hematogenous spread (in contrast to cutaneous melanoma) 

in the absence of lymphatic drainage of the eye; liver is the predominant site of relapse 

in more than 80% of patients, and is not involved in only 10% of cases.

The Institut Curie series of 2,241 cases with a median follow- up of 6 years, reported 

by Desjardins et al. [4] in 2006, showed a metastasis rate of 19% for all tumors, with a 

5- year survival rate of 78%.

Some cases of very late metastatic progression have been reported, up to more 

than 40 years after the diagnosis of the primary tumor [5]. Several hypotheses have 

been proposed to explain this supposed quiescence. It has been suggested that 
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some metastases do not develop angiogenic activity, thereby limiting their growth. 

Alternatively, immune phenomena may play a decisive role [6]. It has been demon-

strated that proliferation of tumor cells is actively controlled by CD8 memory T lym-

phocytes. The mechanism of action of CD4 and CD8 T lymphocytes that infiltrate 

metastases is currently under investigation [7].

Metastatic uveal melanoma has a very variable natural history, ranging from a ful-

minant course to very prolonged stable disease in the absence of any specific treat-

ment. Although spontaneous prolonged stable disease is uncommon, it seriously 

complicates the interpretation of prolonged stable disease during treatment.

The recommended surveillance after treatment of the ocular tumor consists of 

ophthalmological examination and ultrasound of the eye every 6 months, as well as 

annual angiography to confirm local disease control. Hepatic ultrasound is recom-

mended every 6 months for 10 years, as early diagnosis of limited liver metastases 

allows complete surgery of the pathological parts.

Overall survival (OS) is poor whatever the treatment [8], ranging from 2– 6 months 

with best supportive care to 6– 12 months with any systemic immunotherapy or che-

motherapy. The only option today to improve survival is liver surgery, but R0 (micro-

scopic complete) resection is performed in less than 25% of patients because of the 

presence of more extensive hepatic or extrahepatic disease. OS reaches 24 months in 

patients who underwent R0 liver surgery.

There is no standard adjuvant treatment to prevent (micro) metastases. However, 

adjuvant treatment may be more effective in the adjuvant setting, targeting microme-

tastases rather than disease with a large tumor burden.

Clinical risk factors for metastases and survival have been identified in the 1980s 

when enucleation was the standard local treatment for uveal melanoma. These fac-

tors include age at uveal melanoma diagnosis, largest tumor diameter and thickness, 

anterior location, ciliary body involvement, retinal detachment, extrascleral exten-

sion and histological cell type [4].

More recently, molecular biomarkers such as monosomy 3 and gene expression 

profile have been shown to be highly important. Monosomy 3 has been the gold stan-

dard for metastatic prediction in uveal melanoma [9, 10].

Today, genome- wide techniques of genomic and expression profiling make it pos-

sible to improve the characterization of high- risk uveal melanoma; in addition to 

monosomy 3, alterations on chromosomes 6 and 8q are linked to metastatic death 

[11]. The development of more precise techniques to detect chromosomal alterations 

such as FISH or array CGH led to the identification of partial deletions of chromo-

some 3 (isodisomy), association of monosomy 3 with an extralong arm of isochromo-

some 8q, losses of 8p and 16q and gain of 6p [12]. Monosomy 3 and gain of 8q are 

good predictors of metastatic risk in uveal melanoma patients.

Gene expression profiling has been shown to be a sensitive and specific prognostic 

marker. The gene expression signature from Onken et al. [13] identifies 2 molecular 

classes of uveal melanoma with low risk (class 1) and high risk (class 2) of metastases.
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Very few studies are dedicated specifically to metastatic uveal melanoma patients. 

Eighty publications from the last 30 years with data on the efficacy of treatment were 

identified by Augsburger et al. [8] in a recent paper. Only a third were prospective 

clinical trials (3 pilot studies, 2 phase I , 8 phase I/II and 15 phase II studies); none of 

them reported a randomized phase III trial. Only 12 described an unselected group of 

patients, and the median OS for the 2 largest series was 3.6 and 3.7 months, respectively. 

Survival was longer for smaller series of patients, whose metastases were identified by 

systematic testing, or in selected case series of patients, ranging from 5 to 24 months.

Few studies have investigated the characteristics of these patients by analyzing the 

sites of metastases, method of discovery of metastatic disease, treatment and outcome 

of therapy, factors that correlate independently with prolonged survival: age, gender, 

performance status, symptoms, site and size of the largest metastasis, metastasis- free 

interval and diagnostic procedure. Although prognostic factors for survival in the 

metastatic patients have not been clearly determined, rapidly progressive disease, 

impaired performance status (weight loss, fever, liver pain) and impaired liver func-

tion tests are known to have a negative impact.

The 4 most important series of metastatic patients are described in table 1.

Locoregional Treatment

When locoregional treatment is applied for uveal melanoma, the response rates are 

higher than with any systemic therapy, but the effect on survival remains uncertain.

Table 1. Survival data for metastatic uveal melanoma patients

Reference Number Median OS 

months

MFI 

months

Factors correlated with 

survival

Diener- West et al. [14], 2005 739 3.7 32–42 NA

Bedikian, et al. [16], 1995 201 7 – Serum APL, MFI

Gragoudas et al. [15], 1991 145 3.7 29 Age ≤60 years

Rietschel et al. [43], 2005 119 12.5 53 Lung/soft tissue/skin 

metastases only

MFI

Surgery/intrahepatic 

treatment

Female

Age ≤60 years

MFI = Metastasis- free interval; APL = alkaline phosphatase level.
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Chemoembolization 

Chemoembolization using cisplatin provides response rates of 16– 46% and survival 

rates between 6 and 10 months; this approach is also useful in the context of local 

salvage after failure of another therapy (table 2).

Immunoembolization

Several small series were reported for immunoembolization with lymphokine-

 activated killer cells or granulocyte- macrophage colony- stimulating factor (GM- 

CSF), however, with poor results [21].

Isolated Liver Perfusion 

Isolated liver perfusion with melphalan and TNF has been performed in a very small 

number of patients with high rates of morbidity and toxicity; local control of liver 

disease is often accompanied by the appearance of extrahepatic metastases with no 

survival benefit [22]. In these studies, the vascular supply to the liver is isolated and 

infused via an extracorporeal circuit separated from the systemic circulation. The 

response rate reached 62%, and the median survival was around 1 year (table 3).

For all locoregional treatments, studies are not randomized, conducted in a 

 limited number of patients, while treatment- related toxicities are frequent and can 

be severe. Progression at extrahepatic sites with control of hepatic metastases is also a 

major problem.

Table 2. Chemoembolization in metastatic uveal melanoma patients

Reference Cytotoxic Number RR, % Median 

OS, months

Mavligit et al. [17], 

1988 

CDDP 30 46 11

Patel et al. [18], 

2005 

BCNU 24 21 (1 CR + 4 PR) 5

Vogl et al. [19], 

2007 

MMC 12  5 (3 PR + 5 SD) 21

Dayani et al. [20], 

2009 

CDDP/DOX/MMC 20  0 (13 SD) 9

RR = Response rate; CR = complete response; PR = partial response; SD = stable disease.
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Hepatic Intra- Arterial Chemotherapy

Uveal melanoma has a unique metastatic predilection for the liver. Direct infusion of 

chemotherapy into the hepatic artery increases the therapeutic index and decreases 

the systemic toxicity. The administration of the drug needs a catheter placed during 

laparotomy or radiological procedure by trained surgeons and radiologists, and con-

nected to a subcutaneously implanted pump.

Thirty- one patients achieved a response rate of 40% in a single- center study [25] 

using fotemustine infusion over 4 h; the duration of response was 11 months and the 

mean survival was 14 months. Observed complications were abdominal pain (15%) 

and catheter thrombosis (30%).

A multicenter retrospective study with the same agent in 101 patients reported a 

response rate of 36% and a median survival of 15 months in this selected cohort [26].

A European multicenter prospective phase III study from the EORTC Melanoma 

group is currently ongoing in 240 patients with exclusively liver metastases, who are 

randomized to receive intravenous fotemustine versus hepatic intra- arterial fotemus-

tine (table 4).

Table 3. Isolated hepatic perfusion studies

Reference Number RR, % Median OS, months

Feldman et al. [22], 2004 22 (± TNF) 59 11

Feldman et al. [22], 2004 29 62 12

Van Iersel et al. [23], 2008 12 33 12

Van Etten et al. [24], 2009 8 37 11

RR = Response rate.

Table 4. Intra- arterial chemotherapy in uveal melanoma

Reference Number RR, % Median OS, months

Leyvraz [25], 1997 31 40 14

Becker [29], 2000 + IL- 2/IFN 23 22 12

Egerer [27], 2001 7 28 24

Siegel [28], 2006 16 28 22

Peters [26], 2006 101 36 15

RR = Response rate; ; IL- 2/IFN = in this study, patients received subcutaneous inter-

feron and interleukin 2.



Therapeutic Options in Metastatic Uveal Melanoma 171

New Options in Regional Treatment

High- dose immunoembolization using GM- CSF versus BCNU in 53 patients dem-

onstrated a promising OS of 20.4 months for patients treated with high- dose GM- 

CSF [30].

In a recent retrospective review of 11 pretreated patients [radioemboliza-

tion with yttrium- 90 (pure beta emitter)], Kennedy et al. [31] reported 1 complete 

and 6  partial responses in 9 evaluable patients; 80% of patients were alive after 1 

year.

Systemic Treatment

Intravenous Chemotherapy 

Intravenous chemotherapy with agents currently used for cutaneous melanoma 

(dacarbazine, cisplatin or nitrosourea) gives objective response rates of less than 20% 

and an OS of 4– 9 months in monotherapy in retrospective series [32]. No survival 

benefit has been demonstrated in a randomized study compared to best supportive 

care.

In a retrospective series of 470 consecutive metastatic patients managed at the 

Institut Curie from 2000 to 2008, median OS was 13 months, being statistically sig-

nificantly different to the OS of the first treatment in the metastatic setting: i.e., 28 

months for surgery, 12 months for any systemic treatment, and 4 months for best sup-

portive care [33]. Therapy was not randomized.

A German phase II randomized study of treosulfan combined with gemcitabine 

versus treosulfan alone in 48 patients showed a slight advantage of the combination, 

with a median progression- free survival of 3 months, and a 1- year progression- free 

survival of 18% [34].

Contribution of Cytokines 

The contribution of cytokines alone or in combination remains controversial. A study 

using a combination of interleukin- 2 and histamine is following the encouraging 

results reported with this combination in liver metastases from cutaneous or uveal 

melanoma [35].

Specific immunotherapy using a combination of tumor- specific antigens and dif-

ferentiation antigens ± immunological adjuvant did not induce any specific immune 

response and did not modify patient survival, despite 20– 30% of stable disease lasting 

more than 6 months [36].
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Targeted Therapies

Targeted therapies address molecular abnormalities associated with tumor develop-

ment and progression. Today, no specific cancer genes have been related to the patho-

genesis of uveal melanoma, but potential targets involved in proliferation, apoptosis, 

invasion and metastasis, and angiogenesis have been identified, and clinical trials 

have been started for metastatic patients.

Targeted therapies can be beneficial for the metastatic patients in terms of survival 

or nonprogression rates in the absence of an objective tumor response. Stable disease 

may be associated with improved survival in this rare disease.

Targeted therapies also have to be tested in the adjuvant setting, after completion 

of the local treatment of the primary tumor, in high- risk patients identified by molec-

ular and genomic prognostication.

The molecular pathogenesis of uveal melanoma differs from that of cutaneous 

melanoma, and specific approaches in cutaneous melanoma may not be relevant in 

uveal melanoma. Moreover, uveal melanoma patients are often excluded from cuta-

neous melanoma studies.

Preclinical studies suggest a potential benefit of receptor tyrosine kinases, inhibi-

tors of Bcl- 2, histone deacetylase, ubiquitin- proteasome, mitogen- activated protein 

kinase and phosphatidylinositol- 3- kinase AKT pathways [37].

Two single- agent phase II trials testing imatinib mesylate included 20 patients and 

have been stopped because of disappointing results [38, 39]. The prognostic signifi-

cance of KIT expression in uveal melanoma is not known, and KIT expression is not 

associated with a response to imatinib.

Targeting angiogenesis seems to be more promising in uveal melanoma. 

Intravitreal application of antiangiogenic agents is currently used to treat neovascu-

lar ocular diseases such as age- related macular degeneration or proliferative diabetic 

retinopathy.

Treatment with bevacizumab suppressed in vitro growth and in vivo hepatic estab-

lishment of micrometastases in experimental ocular melanoma [40].

Preclinical data suggest a potential clinical benefit of the combination of dacarba-

zine and antiangiogenic therapy.

A phase II study with temozolomide and bevacizumab as first- line treatment in 

metastatic patients is ongoing at the Institut Curie. Sunitinib and sorafenib are also 

being tested in combination schedules for uveal metastatic patients (www.clinicaltri-

als.gov).

Surgical Management of Liver Metastases

Hepatic resection should be considered for liver metastases of uveal melanoma 

because the liver is the first metastatic site and as a single organ involved in 60– 80% 
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of cases [41– 43]. The best survival rates with established liver metastases have been 

obtained with maximal tumor reduction, where technically possible [44, 45].

Nearly 20 years ago, we developed an aggressive surgical liver approach at the 

Institut Curie because there was a lack of effectiveness of systemic treatments [44, 

46].

Diagnosis of Metastases

After primary ocular treatment, patient monitoring combined clinical ophthalmo-

logical examination and abdominal ultrasonography every 6 months. If metastases 

were suspected, liver CT was performed to both confirm the diagnosis and evalu-

ate the feasibility of resection. Lung metastases were excluded by chest CT and bone 

metastases with 99mTc bone scan.

Given its importance in the decision- making procedure, we will describe the 

technique of liver MRI. A special feature of liver metastases of uveal melanoma 

is to contain variable amounts of melanin pigment which will result in shorten-

ing of relaxation times T1 and T2, leading to a hyperintense lesion on T1- weighted 

and a hypointense lesion on T2- weighted sequences (fig. 1) [47, 48]. This charac-

teristic appearance is not systematic and in our experience, at least one third of 

the lesions may show a signal similar to metastases from other primary tumors 

(T1  hypointensity, T2 hyperintensity). Our protocol includes a 2- dimensional fast 

spin echo T2- weighted sequence with a mean echo time of 69 ms and respira-

tory triggering, a 2- dimensional fast spin echo T1- weighted in-  and out- phase 

sequence, and a 3- dimensional gradient echo T1- weighted sequence before and 

a b

Fig. 1. Typical appearance of a metastatic melanoma: the center of the lesion containing high mela-

nin concentration provides a high signal on T1- weighted (a) and a low signal on T2- weighted 

sequences (b).
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after injection of gadolinium chelate with acquisition during the arterial (25– 

30 s), portal (60– 70 s) and late (240 s) phases. The slice thickness is 6 mm for 

2- dimensional sequences and 3.8 mm for the 3- dimensional sequence. In our 

recent series where the results were compared to surgery [49], the overall sensi-

tivity of MRI was 67%, which is disappointing. It was still 100% for lesions of 5 

mm or more in diameter. The most efficient sequences for the detection of small 

lesions were the 2- dimensional T1- weighted out- phase and the 3- dimensional T1- 

weighted arterial- phase dynamic acquisition (fig. 2). This result clearly reflects the 

original presentation of the  metastatic disease that can involve macronodules and 

micronodules in the form of localized or diffuse miliary disease, which is often 

difficult to diagnose. One recent improvement in liver MRI is the introduction of 

diffusion- weighted sequence. Several studies have demonstrated the value of this 

sequence in the detection of metastatic lesions of colorectal origin [50]. We use 

a 6- mm slice thickness sequence with respiratory triggering and several b values 

(diffusion constant). Although it is still too early to conclude definitively, it seems 

that, as in other studies, a b value of 50 s/mm2 is the most efficient. In some cases, 

this sequence allowed us to detect lesions which were not visible or difficult to 

detect on morphological sequences.

Selection of Patients for Hepatic Surgery

All patients with documented liver metastases were reviewed by the multidisciplinary 

team to assess the indication and suitability for surgical resection.

a b

Fig. 2. T1- weighted in- phase sequence (a) and out- phase sequence (b) of a small posterior subcap-

sular hyperintense lesion (arrows). Miliary intrahepatic disease (circle) is better depicted on the out- 

phase sequence.
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For the patients that underwent surgical intervention, the standard criteria for 

hepatic surgery were respected [age, performance status (WHO criteria), preserva-

tion of 30– 40% normal hepatic parenchyma following complete metastasectomy]. 

The surgical objective was microscopically complete resection using either single 

or multiple resections. Surgery included intraoperative liver ultrasonography and 

frozen- section examination when a preoperative biopsy had not been obtained. The 

presence of ‘miliary’ metastases (multiple, diffuse, millimeter- sized, dark punctuate 

lesions) at laparotomy contraindicated major liver resection. Liver resections were 

classified as ‘R0’ (microscopically complete), ‘R1’ (microscopically incomplete) or 

‘R2’ (macroscopically incomplete). 

Our Experience at the Institut Curie

Between January 1991 and December 2009, 4,793 patients with uveal mela-

noma were treated at our institution for their primary tumor. Of these, 1,002 

 developed liver metastases and 317 underwent hepatic surgery. The median time 

between  primary tumor diagnosis and hepatic surgery was 32 months (range, 

0– 216). Only 15 patients had liver metastases at the time of identification of the 

primary tumor.

During surgery, liver metastases were either solitary (n = 34), included 2– 4 

lesions (n = 71) or >4 lesions (n = 212). Among the 317 liver resections, there were 

91 major liver resections (≥3 segments), 163 unisegmentectomies or metastasec-

tomies and 63 liver biopsies. Since 2004, we performed 10 local radiofrequency 

ablations during laparotomy to attain an R0 resection. The following liver surgical 

resections were performed: R0 in 98, R1 in 25 and R2 in 194 cases. The presence 

of >4 macroscopic lesions during surgery was a strong predictor of miliary disease 

(p = 0.00007). The 30- day mortality rate was 2.8%, and the overall morbidity was 

19%.

The median OS following hepatic surgery was 16 months [15– 20]. The survival 

rate was 67.8% (± 2.7 SD) at 1 year and 7.0% (± 1.7 SD) at 5 years. The median OS 

was 23 months [20– 24, 30– 34] after an R0 resection, 15 months [10– 24] after an R1 

resection and 12 months [10– 13] after an R2 resection. The median survival of 23 

months in the R0 population compares favorably with intra- arterial chemotherapy 

results.

In univariate survival analysis (fig. 3), the parameters gender, age, tumor thick-

ness and diameter, intraocular location of the primary melanoma and initial treat-

ment were not predictive of outcome. A disease- free interval between primary tumor 

and liver metastases of more than 24 months was a significant prognostic factor of 

survival at 2 years (p < 0.0001); the number of liver metastases (≤4), their hepatic 

localization and the absence of miliary disease were all correlated with prolonged OS 

(p < 0.0001).
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Patient outcome was strongly correlated with the quality of liver resection, with 

the 2- year OS rate being 49% after R0 resection, 24% after R1 resection and 16.8% 

after R2 resection (p < 0.0001).

In multivariate survival analysis, we identified 3 variables that correlated indepen-

dently with prolonged survival: time to liver metastases (>24 months), number of 

resected liver metastases (≤4 lesions,) and absence of miliary disease.
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Fig. 3. OS after liver surgery. a OS according to quality of liver resection. b OS according to number 

of resected liver metastases. c OS according to time to liver metastases. d OS according to miliary 

disease.
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Other Surgical Series

Few teams have developed this surgical approach. Indeed, few teams regularly moni-

tor their patients, and patients are not always sent to a liver surgery center.

Aoyama et al. [51] reported R0 resections in 9 patients (7 with liver metastases 

only and 2 with liver metastases and metastases at other sites). After R0 resection, the 

median recurrence- free and overall survival were 19 and 27 months, respectively. In 

a series of 24 patients, it was shown that the surgical cohort had a significantly longer 

median survival (38 months) than the nonsurgical cohort (9 months) [52]. However, 

of these, only 5 underwent liver resection, the remainder having other, nondefined 

metastasectomies. The R0 resection rate in our series, i.e. 98 of 317 (approximately 

30%), was a little lower than that in the study by Rivoire et al. [45], being 50% (14 of 

28) with similar semi- annual abdominal ultrasonography screening. The quality of 

surgery (R0 vs. R2) was the strongest indicator of improved outcome with 23 months 

of median survival for R0 being similar to the 25 months published previously [45].

R0 Resections Limited by Miliary Disease

As would be expected, with the number of metastases corresponding to disease ‘load’, 

fewer metastases correlated with a better survival. Specifically, the presence of less 

than 4 metastases was strongly significant (p < 0.0001) as was the absence of miliary 

disease (p < 0.001). Similarly, a unilobular distribution was much better than a mul-

tilobular distribution.

One very important finding in our series was that the presence of more than 4 

metastases was strongly predictive for miliary disease in 82% of cases. Because diffuse 

miliary disease renders R0 resection impossible, this finding has changed our prac-

tice and we now perform diagnostic laparoscopy whenever more than 4 metastases 

are demonstrated or suspected on preoperative imaging. In this way, patients with 

miliary disease can be spared an unnecessary, and futile, laparotomy.

The Staging of the Intrahepatic Disease Is the Real Challenge

With respect to screening, liver function tests have been suggested to improve early 

diagnosis of liver metastases [53, 54]. Rietschel et al. [43], however, noted that blood 

tests were extremely inefficient for the detection of asymptomatic metastases. Only 

1 patient in the study of Rivoire et al. [45] had liver function disruption with small 

metastases and, in our experience, liver function modification occurred only with 

massive, and therefore late, involvement.

To better enumerate the liver metastases, we opted for MRI because, apart from 

the specific characteristic of hyperintensity on T1- weighting due to melanin, optimal 
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contrast between the liver and the metastases appeared to allow an improved sensi-

tivity of detection of small lesions. Another imaging technique commonly used in 

oncology is 18FDG- PET scan. This whole body imaging that couples functional and 

morphological data has mainly been evaluated in the staging of cutaneous melanoma. 

There are few studies in uveal melanoma [55, 56]. In our series comparing preopera-

tive FDG- PET scan to surgery [49], the overall sensitivity of FDG- PET scan for the 

detection of liver metastases was 44.7%; it was 61% for lesions greater than 5 mm in 

diameter. These results are equivalent to those of Ghanem et al. [57] for liver metasta-

ses from cutaneous melanoma which showed a sensitivity of 47%. They are probably 

related to technical factors and physiological factors unique to uveal melanoma. The 

main technical factors explaining the insufficient detection of lesions are the spatial 

resolution of PET, partial volume effects and errors in attenuation correction related 

to the mobility of the liver with respiration, and the level of a physiological high uptake 

by normal liver parenchyma. Some technical improvements such as respiratory gat-

ing and the late acquisition phase after FDG injection could improve results [58]. 

Some studies suggest that glucidic metabolism of uveal melanoma is variable [59]. 

In a recent study by Strobel et al. [60] comparing metastases of cutaneous and uveal 

melanoma, 59% of uveal melanoma lesions did not have a significant FDG uptake. All 

lesions but 1 were larger than 5 mm in diameter. These were mainly of the fusiform 

histological subtype. The lesions of the epithelioid subtype had a level of tracer uptake 

similar to cutaneous melanoma metastases. It is therefore possible that FDG is not the 

most efficient tracer and that other metabolic pathways using 11C- labeled methionine 

or 18F- DOPA would be more interesting in this context [61, 62].

Conclusion

Our results show a real benefit in survival for R0 resection of liver metastases (median 

OS 23 months). Patients have to be highly selected before surgery to offer the best 

results. Based on our multivariate analysis, we propose surgical treatment to meta-

static patients with time from diagnosis of the uveal melanoma to liver metastases 

>24 months, number of liver metastases ≤4 lesions, and absence of detectable miliary 

disease.

Liver MRI is currently the best imaging method in this context even if miliary dis-

ease is still difficult to diagnose.

Systemic treatments for metastatic uveal melanoma patients give poor results. 

Molecular and chromosomal classification strongly predicting metastatic death has 

to be used to identify genetic profiles and pathways involved in the pathogenesis of 

uveal melanoma leading to new targeted therapeutic strategies.
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