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Abstract

Purpose To study the incidence, clinical

findings, and tumour characteristics of

posterior uveal melanoma in Western

Norway, and to report the results of a

consistent treatment strategy (I-125

brachytherapy or primary enucleation) over

a 13-year period.

Methods The clinical records of all patients

with posterior uveal melanoma referred

between January 1993 and December 2005

were reviewed. Clinical data, radiation

parameters, visual outcome, and mortality

were analysed in a dedicated database.

Results The study included 111 consecutive

patients. The annual age-adjusted incidence

(per million population) of posterior uveal

melanoma was 8.5 for women and 8.9 for men.

Fifty-six patients underwent I-125

brachytherapy, 52 were enucleated, and three

received no treatment. The median follow-up

time was 36 months (mean, 52 months; range,

2 months to 13 years). In the brachytherapy

group, two eyes were enucleated owing to

tumour recurrence and two because of

neovascular glaucoma. A visual acuity of 0.1 or

better, present in 87% of the patients before

brachytherapy, was retained in 40% after a

median follow-up of 61 months. After

brachytherapy, the 5- and 10-year melanoma-

specific mortality rates were 13.4 and 23.8%,

respectively. The corresponding mortality

rates for patients treated with primary

enucleation were 49.5 and 49.5%.

Conclusion After brachytherapy, many

patients lost useful vision due to radiation-

induced complications. The probability of

retaining the eye was high and only two

patients experienced recurrent tumour growth.

The mortality rates compare well with

published series, and the differences in

tumour size explain the difference in mortality

between the two treatment groups.
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Introduction

Various treatments for posterior uveal melanoma,

including brachytherapy with different

radioactive sources, charged particle radiation,

and local resection, have been introduced over the

past decades. Despite this, there has been no

general improvement in the survival rates.1

However, the Collaborative Ocular Melanoma

Study has shown that there is no significant

difference in melanoma-related mortality when

comparing the eye-sparing treatment of episcleral

brachytherapy with primary enucleation,2 which

are still the two most commonly employed

methods of treating posterior uveal melanoma.

Episcleral brachytherapy is the preferred method

for small- and medium-sized tumours, whereas

enucleation is recommended for large tumours

and tumours surrounding the optic nerve.3

The aims of this study were to analyse the

incidence, clinical findings, and tumour

characteristics of patients in Western Norway, and

to review our results of posterior uveal

melanomas treated with a consistent strategy over

a period of 13 years.

Materials and methods

The clinical records of all patients with posterior

uveal melanoma referred to Haukeland

University Hospital between 1 January 1993 and
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31 December 2005 were reviewed. Haukeland University

Hospital is the regional hospital for the three western

counties of Norway (Rogaland, Hordaland, and Sogn og

Fjordane). To analyse the incidence of posterior uveal

melanoma in Western Norway, the number of residents

who were treated elsewhere was collected from the

Cancer Registry of Norway and by reviewing the clinical

records at other hospitals in the region. Population

figures by age, gender, county and calendar period were

obtained from Statistics Norway. The study was

approved by The Norwegian Social Science Data

Services, and followed the official ethical regulations for

clinical research.

Preoperative data included age, gender, best-corrected

Snellen visual acuity, tumour location, distance from the

posterior tumour border to the foveola and the edge of

the optic disc, and largest basal tumour diameter and

height. The tumour size was scored according to both the

TNM classification4 and the COMS criteria.5 The

presence of exudative retinal detachment was defined as

subretinal fluid involving at least one quadrant of the

fundus. Bruch’s membrane was considered ruptured if

ultrasonography revealed a mushroom-shaped tumour.

Our preferred treatment strategy was to perform

iodine-125 brachytherapy for tumours measuring

o10 mm in height and primary enucleation for larger

tumours and tumours surrounding more than

one-quarter of the optic disc circumference. However,

the choice of treatment was to a great extent dependent

on tumour location, the possibility of reducing radiation

damage to the optic nerve and retina by plaque design

and seed positioning, the status of the fellow eye, and the

patient’s preference. The data from all tumours eligible

for brachytherapy were analysed in a three-dimensional

treatment planning program (Plaque Simulator, BEBIG

Isotopen-und Medizintechnik GmbH, Berlin, Germany)

for accurate tumour location and dosimetry.6,7 The

prescription point was tumour height plus 1 mm for the

thickness of sclera, and the total radiation dose to the

tumour apex was usually set to 100 Gy including a safety

margin of 2 mm around the tumour base. To minimize

the dose to the optic disc and macula, some tumours

were treated with no or minimal safety margin towards

these sensitive structures, and transscleral illumination

was used during surgery for accurate plaque placement.8

Radiation data included hours of radiation exposure,

and radiation dose (Gy) and dose rate (cGy/h) to various

ocular structures. Follow-up data comprised best-

corrected visual acuity, tumour radiation response and

occurrence of ocular complications or tumour regrowth.

Radiation-induced complications were defined according

to Gündüz et al,9 and tumour recurrence was defined as

any documented tumour growth. For patients treated

with enucleation, histopathologic examination

determined the classification of tumour cells grouped

into spindle, mixed, or epithelioid cell types,10 scleral

invasion of melanoma cells, and the integrity of Bruch’s

membrane. Finally, the dates of the last visit and the

dates and causes of death were recorded. The cause of

death was determined by analysing both the hospital

files and the general practitioner clinical records. The end

of follow-up was 31 December 2005.

The Kaplan–Meier method was used to analyse the eye

retention rate, all-cause mortality rates and melanoma-

specific mortality rates. Prognostic factors for radiation

maculopathy and mortality were estimated by Cox

regression analyses. The difference in incidence of

posterior uveal melanoma between genders was

analysed by the w2 test. Age-adjusted incidence rates

were calculated by a direct method using weights

according to the European Standard Population.

The statistical analyses were made by the software

package SPSS, version 13.0 (SPSS Inc., Chicago, IL, USA).

P-values o0.05 were considered to be statistically

significant.

Results

The study included 111 consecutive patients (60 women

and 51 men) with posterior uveal melanoma. Western

Norway was the area of residence for 102 patients, and

nine patients were referred from other parts of the

country. The median age at time of diagnosis was 66

years (range, 24–96 years). The main tumour site was the

choroid in 100 patients (90%) and the ciliary body in 11

patients (10%). Fifty-six patients (50%) were treated with

brachytherapy, and 52 patients (47%) underwent primary

enucleation (Table 1). Three patients (3%) received no

specific ocular treatment (two had melanoma metastases

at the time of diagnosis, and one refused any kind of

treatment). The median follow-up time was 36 months

(mean, 52 months; range, 2 months to 13 years).

At the end of follow-up, the vital status was known for

all the 111 patients, and a total of 42 patients (38%) were

dead. Twenty-eight deaths (25%) were melanoma related,

27 of these due to systemic metastases and one because of

inoperable melanoma recurrence in the orbit with

tumour growth into the skull base and cavernous sinus.

The 5- and 10-year melanoma-specific mortality rates

were 30.4% (95% confidence interval (CI), 20.2–40.6) and

36.4% (95% CI, 23.9–48.9), respectively. The

corresponding all-cause mortality rates were 41.6% (95%

CI, 31.2–52.0) and 49.7% (95% CI, 37.7–61.7). These

figures include the two patients with metastases at the

time of diagnosis, and the one who refused treatment.

None of the surviving patients had known metastases at

the end of follow-up. By multivariate Cox regression

analysis, large basal tumour diameter emerged as the
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only significant predictive factor for the development of

melanoma metastases (Po0.001).

Brachytherapy group

Postoperatively, there was a gradual decrease of visual

acuity with the strongest decrease during the first 3 years

after brachytherapy (Figure 1). Before brachytherapy,

visual acuity (excluding four patients that subsequently

required enucleation) was 6/4 to 6/12 in 31 patients

(60%), 6/18 to 6/60 in 14 (27%), and worse than 6/60 in

seven (13%). At the latest visit after brachytherapy, the

distribution was 6/4 to 6/12 in 10 patients (19%), 6/18 to

6/60 in 11 (21%), and worse than 6/60 in 31 (60%).

Twenty-three patients (44%) preserved a visual acuity

within two Snellen lines of preoperative levels. The

median time interval from treatment to the last

evaluation of visual acuity was 61 months (range,

3 months to 12 years).

The radiation dose and dose rate to various ocular

structures are shown in Table 2. The median radiation

time was 117 h (range, 61–214 h). One patient with a

tumour height of 12 mm insisted on brachytherapy,

which necessitated the extraordinary high doses of

1449 Gy to the tumour base and 2340 Gy to the scleral

surface. Some patients had more than one radiation-

related complication, and the most frequent complication

was cataract in 17 patients (30%), followed by

maculopathy in 16 (29%), optic neuropathy in nine (16%),

neovascular glaucoma in eight (14%), and vitreous

haemorrhage in four (7%). By univariate Cox regression

analysis, the only significant predictive factors for

radiation maculopathy were increased tumour height

(P¼ 0.02) and basal diameter (P¼ 0.04).

A total of four eyes (7%) were enucleated after

brachytherapy. Two of these eyes were enucleated

because of tumour recurrence 14 and 15 months after

brachytherapy, and two eyes were enucleated owing to

uncontrollable neovascular glaucoma. The 5- and 10-year

eye retention rates after brachytherapy were 90.6% (95%

CI, 81.8–99.4) (Figure 2).

Fourteen patients (25%) were dead at the end of

follow-up. Eight patients (14%) died of melanoma

metastases. The 5- and 10-year melanoma-specific

mortality rates for the patients undergoing

brachytherapy were 13.4% (95% CI, 3.4–23.4) and 23.8%

(95% CI, 6.9–40.7), respectively (Figure 3a). The

corresponding all-cause mortality rates were 21.2% (95%

CI, 9.4–33.0) and 36.0% (95% CI, 19.0–53.1).

Enucleation group

Before enucleation, visual acuity was 6/4 to 6/12 in 11

patients (21%), 6/18 to 6/60 in 17 (33%), and worse than

6/60 in 24 (46%). Histopathologic examination showed

that 31 tumours (59%) were of spindle cell type, 17 (33%)

of mixed cell type, and four (8%) were pure epithelioid

cell tumours. Scleral invasion of tumour cells was found

in 23 (44%) of the enucleated eyes, with extrascleral

Table 1 Patient demographics and tumour characteristics of
patients with posterior uveal melanoma according to treatment
group

Brachytherapy
(n¼ 56)

Enucleation
(n¼ 52)

Age in years, median (range) 61 (31–92) 71 (24–96)
Gender (female/male) 31/25 28/24
Eye (right/left) 25/31 24/28

Tumour stage (TNM classification)
T1 13 (23%) 0 (0%)
T2 19 (34%) 2 (4%)
T3 24 (43%) 46 (88%)
T4 0 (0%) 4 (8%)

Tumour size (COMS criteria)
Small 6 (11%) 0 (0%)
Medium 41 (73%) 18 (35%)
Large 9 (16%) 34 (65%)

Largest tumour diameter
in mm, median (range)

11.1 (4.4–21.0) 16.1 (7.4–20.0)

Tumour height in mm,
median (range)

4.5 (1.5–12.0) 9.3 (3.0–15.0)

Proximity to foveola in mm,
median (range)

4.7 (0–16.2) 3.0 (0–14.0)

Proximity to optic disc in mm,
median (range)

4.5 (0–16.0) 2.8 (0–15.0)

Presence of retinal detachment 19 (34%) 41 (79%)
Rupture of Bruch’s membrane 9 (16%) 19 (37%)
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Figure 1 Distribution of visual acuity (VA) at baseline and at
different time intervals following I-125 brachytherapy in 52
patients with posterior uveal melanoma. Four eyes that were
enucleated after brachytherapy are not included.
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extension in four eyes (8%). Rupture of Bruch’s

membrane was observed in 19 eyes (37%).

Twenty-five patients (48%) were dead at the end of

follow-up, and 18 deaths (35%) were melanoma-related.

The 5- and 10-year melanoma-specific mortality rates for

the patients treated with primary enucleation were 49.5%

(95% CI, 31.9–67.1) and 49.5% (95% CI, 31.9–67.1),

respectively (Figure 3b). The corresponding all-cause

mortality rates were 63.1% (95% CI, 47.2–79.0) and 63.1%

(95% CI, 47.2–79.0).

Incidence

During the study period, 115 patients living in the three

counties of Western Norway were diagnosed with

posterior uveal melanoma. One hundred and two of

these patients were treated at Haukeland University

Hospital and 13 were treated at other hospitals in

Norway. The crude incidence rate (per million

population per year) was 10.5 for women and 9.0 for

men. The corresponding age-adjusted incidence rates

were 8.5 and 8.9. The age-specific incidence was higher in

men (23.2) than in women (16.7) at 50–69 years of age,

but shifted towards a higher incidence in women (43.5)

compared with the incidence in men (39.2) in the age

group 70–89 years. There was no statistically significant

difference in the incidence between genders in any age

group.

Discussion

In this study, we present a consecutive series of patients

with posterior uveal melanoma treated with episcleral

brachytherapy or primary enucleation. As the choice

between I-125 brachytherapy and enucleation was based

on clinical criteria and patient preference, a direct

comparison of the treatment results between the two

groups is inappropriate. However, the study reflects

what can be achieved with current methods of treatment

in an unselected group of patients with a lengthy and

complete follow-up.

In the brachytherapy group, a relatively large

proportion of the patients lost useful vision during

follow-up. In 16% of the patients the tumour was

classified as large and 20% had a tumour that measured

more than 8 mm in thickness, which both are factors

associated with ocular complications and a poor visual

outcome in most patients.11,12 The visual results in our

study may also be influenced by the prescription dose of

100 Gy to the tumour apex, which is somewhat higher

Table 2 Radiation parameters for the brachytherapy group and patients with radiation-related complications

All patients
(n¼ 56)

Cataract
(n¼ 17)

Maculopathy
(n¼ 16)

Optic neuropathy
(n¼ 9)

Neovascular
glaucoma
(n¼ 8)

Vitreous
haemorrhage

(n¼ 4)

Median Range Median

Apex dose (Gy) 100 50–136 100 100 100 100 100
Apex dose rate (cGy/h) 86 48–173 86 82 86 75 67
Base dose (Gy) 380 156–1449 496 463 445 668 434
Base dose rate (cGy/h) 286 89–1157 392 378 383 480 272
Scleral surface dose (Gy) 632 164–2340 749 716 785 902 710
Scleral surface dose rate (cGy/h) 503 92–1869 660 627 661 668 483
Fovea dose (Gy) 45 6–416 50 49 76 63 56
Fovea dose rate (cGy/h) 40 5–296 40 43 47 38 34
Optic disc dose (Gy) 34 7–166 49 47 55 59 33
Optic disc dose rate (cGy/h) 29 6–132 34 33 41 41 18
Lens dose (Gy) 15 1–130 31 21 21 42 29
Lens dose rate (cGy/h) 14 2–104 22 18 18 30 19

Some patients had more than one radiation-related complication.
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Figure 2 Kaplan–Meier curve showing the proportion of
patients with retained eyes after brachytherapy (number of
patients at risk¼ 56).
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than that recently recommended.13 Radiation-related

maculopathy and optic neuropathy were the main causes

of visual loss. The patients who developed neuropathy

had a median dose of 55 Gy to the centre of the optic disc.

According to Lommatzsch et al,14 radiation doses above

50 Gy are significantly correlated to optic neuropathy.

Surprisingly, we found that the patients with radiation

maculopathy had a median dose to the fovea of 49 Gy,

which was only slightly higher than the median foveal

dose of 45 Gy for the whole group. Gragoudas et al15 have

shown that any radiation exposure of the macula

increases the risk of maculopathy, with the risk rising

steadily to and levelling off after approximately 40 Gy.

This probably reflects that the macula is a sensitive

structure, not only to irradiation but also to other factors

such as inflammation, exudation, and vascular changes

in an adjacent tumour after brachytherapy. The

regression of a large tumour may damage the macula

regardless of radiation dose, or it can make the macula

more vulnerable to the radiation already given during

brachytherapy. In this study, large tumour diameter and

height were the only significant risk factors for radiation

maculopathy in the univariate analyses.

The local tumour recurrence rate of 3.6% compares

favourably with other reports.16–19 We believe that the

consistent use of iodine as the radioactive source and the

relatively high tumour apex dose of 100 Gy have

contributed to the low recurrence rate. As tumour

regrowth has been associated with a poor survival

prognosis,9,20,21 an effective local tumour control is

essential in brachytherapy of uveal melanoma. When

differences in patient selection, tumour characteristics,

and follow-up are taken into consideration, the mortality

rates in our study are generally comparable to those

reported by others.2,9,18,22,23 Several studies have shown

that the size of the uveal melanoma is a risk factor for

subsequent metastases.22,24,25 In the multivariate

analyses, we found that large basal tumour diameter was

the only significant predictive factor for metastatic

disease. The differences in tumour size could therefore

explain the difference between the mortality curves in the

two treatment groups.

The incidence of uveal melanoma in the Scandinavian

population is generally considered to be high.26,27

Contrary to previous reports, which have shown a slight

predominance of males,28 we found no statistically

significant differences in the crude or age-adjusted

incidence rates between genders. Although not fully

comparable, the annual incidence of ocular melanoma in

Norway has been reported to be 7.0 for women and 9.0

for men,29 which indicates that the incidence of uveal

melanoma has been relatively stable over the past several

decades.

In summary, we have documented our experience with

brachytherapy and primary enucleation in the treatment

of posterior uveal melanoma. The mortality rates

compare well with previously published series. The

probability of retaining the eye after brachytherapy was

high, and only two patients experienced recurrent

tumour growth. On the basis of these results, we

maintain a preference for I-125 brachytherapy with

three-dimensional treatment planning, and hope to

improve the visual outcome without compromising

tumour control by reducing the planned radiation dose.
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Figure 3 Kaplan–Meier curves showing the cumulative
proportion of patients who died, based on melanoma-related
deaths only. (a) After brachytherapy (number of patients at
risk¼ 56). (b) After primary enucleation (number of patients
at risk¼ 52).
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