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ORIGINAL ARTICLE

Visual outcome, local tumour control, and eye preservation after
106Ru/Rh brachytherapy for choroidal melanoma

PETER ISAGER1,2, NIELS EHLERS2, STEEN F. URBAK2 & JENS OVERGAARD1

1Department of Experimental Clinical Oncology, Århus University Hospital, Denmark and 2Department of Ophthalmology,

Århus University Hospital, Denmark

Abstract
To study the visual outcome, local tumour control, and eye preservation 5 years after ruthenium/rhodium 106
brachytherapy for choroidal melanoma. The study included 55 consecutive patients treated by 106Ru/Rh brachytherapy
for a choroidal melanoma during the period 1988�/2000 and followed through 2004. The 5-year probability for not losing at
least 5 Snellen lines was 59% (n�/45), for retaining a visual acuity of 0.33 or better was 28% (n�/34), and for retaining
better than 0.1 was 40% (n�/45). The 5-year probability for no local recurrence was 73% and for eye preservation 72%
(n�/55). 106Ru/Rh brachytherapy for choroidal melanoma resulted in a clinically significant vision loss, no local recurrence,
and eye preservation in most patients after 5 years. 106Ru/Rh brachytherapy can be regarded as a good treatment option for
small and medium-sized tumours but not for large tumours.

The incidence rate of choroidal and ciliary body

melanomas has been estimated to 0.6 per 100 000

person-years [1]. These tumours are primarily

handled by enucleation or radiotherapy with some

treated by local resection or other modalities. No

difference in survival has ever been documented

between enucleation and brachytherapy [2,3] ,

proton radiation [4,5] , Helium ion radiation [6],

or local resection [7]. Therefore, a change in

treatment from enucleation towards eye preserving

therapy with retention of some visual function has

taken place for choroidal and ciliary body melano-

mas [8�/10]. The indication for eye preserving

therapy depends primarily on tumour location and

size, but age and general health of the patient and

presence of extrascleral extension or distant metas-

tasis are also taken into consideration. Eye preser-

ving treatment is especially relevant for tumours in

the only seeing eye of the patient.

In this study, the 5-year visual outcome,

local tumour control, and eye preservation of

all choroidal melanomas treated by ruthenium/

rhodium 106 brachytherapy at a Danish centre

since the introduction in 1988 and through 2000

are evaluated.

Material and methods

The study included 55 consecutive patients

(28 men and 27 women), who had been treated

by 106Ru/Rh brachytherapy at the Department of

Ophthalmology, Århus University Hospital,

Denmark for a choroidal melanoma during the

period 1988�/2000. The median age at treatment

was 61 years (range 22�/87 years). Laterality showed

28 right and 27 left eyes. One patient was retreated

by brachytherapy for a local recurrence and was later

enucleated for recurrence. Four patients had

adjunctive transpupillary thermotherapy and one

had adjunctive brachytherapy with none having local

recurrence. No ciliary body melanoma had been

treated by 106Ru/Rh brachytherapy and none of the

choroidal tumours involved the ciliary body.

Five different 106Ru/Rh plaques (Bebig GmbH,

Berlin, Germany) were used: CCZ (diameter

12 mm, n�/1), CCA (15 mm, n�/17), CCB

(20 mm, n�/30), CCC (25 mm, n�/5), and COB

(20 mm with notch for placement close to the optic

nerve, n�/2). The treatment dose was in all patients

100 Gy in the design depth (6 mm) of the plaque.

The plaque was sutured into place under general

anaesthesia in most patients. The diameter of the
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plaque was chosen to be at least 4 mm larger than

the largest basal diameter of the tumour leaving

room for tumour not visible at ophthalmoscopy or

ultrasonography and for some imprecision in the

surgical procedure.

The study design was historical follow-up with

information from medical records. The start of

follow-up was set at the time of brachytherapy and

the end of follow-up was at the last visit at

ophthalmologic department at hospital or practising

ophthalmologist in 2004 or at enucleation or death.

The patients were generally followed every 3�/6

months within the first years, thereafter every 6�/12

months for some years, and finally followed at their

practising ophthalmologist.

The melanoma diagnosis was clinical in all cases

with no patient having preoperative intraocular

biopsy for histological verification.

Serous retinal detachment was seen in 71% (37/

52) and vitreous haemorrhage in 8% (4/54) of

patients at presentation.

During the study period, 122 patients with chor-

oidal or ciliary body melanomas were treated at our

department. The primary treatment was in other

61 patients enucleation, in five patients cobalt 60

brachytherapy (early in the period), and in one

patient local tumour resection.

Tumour size and location

Largest basal diameter was in 43 patients evaluated

by B-scan ultrasonography. In patients without

ultrasonography, tumour diameter was estimated

from ophthalmoscopy in six cases, fundus photo in

one, fluorescein angiography in one, diameter of the

plaque in one, magnetic resonance imaging in two,

and computerised tomography in one case. In

one patient there was no information on diameter.

Median largest basal diameter was 12.0 mm (n�/54,

range 6.0�/21.0 mm).

Height was estimated by A-scan ultrasonography

in 52 patients, by magnetic resonance imaging in one

patient, and by computerised tomography in one

patient. In one patient there was no information on

height. Scleral thickness was not included in the

tumour height. Median height was 5.8 mm (n�/54,

range 1.8�/11.0 mm).

In the TNM classification [11] 13% (7/54) of

tumours were T1, 28% (15/54) were T2, 59% (32/

54) were T3, none was T4, and one could not be

classified.

The anterior tumour margin was between the ora

serrata and equator in 18 cases and posterior to

the equator in 37 cases. The median distance from

the posterior tumour margin to the optic disc was

5.0 mm (n�/51, range 0.0�/15.0 mm) and to the

fovea 5.0 mm (n�/50, range 0.0�/11.0 mm).

Visual acuity

Preoperative and postoperative visual acuities (best

corrected if available) were registered. Visual acuity

measured as a decimal number was converted to a

Snellen fraction and four further categorical levels

were included: counting fingers, hand movements,

light perception, and no light perception. Visual

acuity after enucleation was set at no light percep-

tion. Change in visual acuity was evaluated as a

number of Snellen line changes in relation to the

pre-treatment vision, e.g. one line was lost from 6/18

to 6/24 or from counting fingers to hand movements.

The time point for a given number of Snellen lines

loss was the date when vision permanently was

registered to have fallen that much; that is, transient

vision loss was disregarded.

Change in visual acuity within plus or minus two

lines was regarded as equal vision, loss of three or

more lines as deterioration, and gain of three or

more lines as improvement.

Local tumour control and eye preservation

Local recurrence was defined as any clinical tumour

re-growth in basal diameter or height.

It was registered whether the reason for enuclea-

tion was local recurrence, secondary complication,

or on patient?s request.

Statistics

Visual outcome, local tumour control, and eye

preservation over time were estimated by Kaplan-

Meier analysis.

Prognostic factors for visual outcome, local

tumour control, and eye preservation were evaluated

by univariate Cox proportional hazards analysis. The

assumption of proportional hazards was examined

through log minus log plots for each analysis.

All analyses were performed by the statistical

software package SPSS version 10.0�/11.5 (SPSS

Inc., Chicago, Illinois, USA).

Statistical significance level was set at 0.05 (two-

sided).

Results

Visual acuity

Last postoperative visual acuity was known for

47 eyes within one year and for eight eyes more

than one year before the end of follow-up, enuclea-

tion, or death. The median follow-up time from
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brachytherapy to last postoperative visual acuity/

enucleation was 4.6 years (range 0.2�/12.9 years).

At the end of follow-up at December 31 2004

seventeen patients had died after a median follow-

up time of 3.4 (range 0.3�/13.0) years. Follow-up

time was shorter than 5 years in 29 patients because

of death in nine cases, enucleation in fourteen cases,

inclusion in 2000 and follow-up until the end of

2004 in five cases, and lost to follow-up in one case.

For the 26 patients followed longer than 5 years

two had died, six had been enucleated, one had

emigrated, and four had been lost to follow-up.

Visual acuities better than counting fingers

were preoperatively best corrected in 90% (46/51),

uncorrected in 4% (2/51), and unknown in 6%

(3/51) of cases and postoperatively best corrected in

79% (418/529), uncorrected in 10% (53/529), and

unknown in 11% (58/529) of cases.

A scatter plot of preoperative versus last post-

operative visual acuity is illustrated in Figure 1.

The median preoperative and last postoperative

visual acuity was 0.5 and 0.1, respectively. The

median change in visual acuity was a loss of three

Snellen lines (range: loss of eleven to gain of three

lines). Thirty-three patients had impaired, 20 equal,

and 2 improved visual acuity at the end of follow-up.

The 5-year probability for not losing at least

5 Snellen lines was 59% (n�/45) (Figure 2). The

5-year probability for retaining visual acuity of 0.33

or better if 0.33 or better preoperatively was 28%

(n�/34) and for retaining visual acuity of better than

0.1 if better than 0.1 preoperatively was 40% (n�/

45) (Figure 2). The prognostic factors for visual

outcome (losing at least 5 Snellen lines or losing 0.33

or 0.1 visual acuity) evaluated by univariate Cox

proportional hazards analysis are shown in Table I.

Tumour height and largest basal diameter and local

recurrence were significant risk factors for visual

acuity loss.

Local tumour control

Information on local tumour control was known for

47 patients within one year and for eight patients

more than one year before the end of follow-up,

enucleation for complication, or death. The median

follow-up time was 4.4 years (0.2�/12.9 years).

Local recurrence was found in fifteen patients,

fourteen of which were treated by enucleation and

one left untreated because of metastatic disease. The

5-year probability for no local recurrence was 73%

(n�/55) (Figure 3). The relation between local

recurrence and tumour largest basal diameter and

height is shown in Figure 4. Local recurrence was

especially seen for large but also for some small

tumours. Prognostic factors for local recurrence are

shown in Table II. A significantly higher risk of local

recurrence was seen for tumours located anteriorly,

with large basal diameter, and higher than 8 mm.

Eye preservation

Information on eye preservation was known for

47 patients within one year and for eight patients

more than one year before the end of follow-up or

death. The median follow-up time was 4.6 years

(0.2�/12.9 years).

Enucleation was performed because of local

recurrence (n�/14; 25% of all eyes/70% of all

enucleations), neovascular glaucoma (n�/4;

7%/20%), phthisic eye (n�/1; 2%/5%), and on

patient?s request despite local tumour control

Figure 1. Presentation of the preoperative and last measured

postoperative visual acuity after 106Ru/Rh brachytherapy. Eyes

enucleated were set at no light perception. Visual acuity is shown

in Snellen fractions except CF: counting fingers, HM: hand

movements, �/LP: light perception, -LP: no light perception.

Figure 2. Probability for visual acuity retention after 106Ru/Rh

brachytherapy.
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Table I. Risk of vision loss for different parameters evaluated by univariate Cox proportional hazards analysis. Calculations were made for those eyes that had the possibility for a specific vision loss.

Loss of 5 Snellen lines or more

Visual acuity loss to less than 0.33 if preoperative

vision 0.33 or better

Visual acuity loss to 0.1 or less if preoperative

vision better than 0.1

n (events) p Rate ratio 95% CI n (events) p Rate ratio 95% CI n (events) p Rate ratio 95% CI

Age 0.16 0.64 0.93

5/60 years (reference) 22 (14) 17 (12) 22 (15)

�/60 years 23 (9) 0.55 0.24�/1.27 17 (14) 1.21 0.55�/2.65 23 (15) 0.97 0.46�/2.03

Anterior tumour margin 0.30 0.53 0.13

Posterior to equator (ref) 30 (16) 22 (18) 30 (21)

Equator to ora serrata 15 (7) 1.63 0.65�/4.12 12 (8) 1.33 0.55�/3.19 15 (9) 1.92 0.83�/4.43

Largest basal diameter 0.03 0.98 0.02

5/12 mm (ref.) 23 (9) 18 (14) 23 (14)

�/12 mm 22 (14) 2.53 1.09�/5.91 16 (12) 0.99 0.45�/2.19 22 (16) 2.45 1.15�/5.20

Height 0.045 0.12 0.02

5/6 mm (ref.) 25 (11) 19 (15) 25 (16)

�/6 mm 19 (11) 2.48 1.02�/6.01 15 (11) 1.93 0.84�/4.47 19 (13) 2.66 1.17�/6.06

Distance optic disc/fovea 0.81 0.13 0.56

�/2 mm (ref.) 23 (10) 17 (11) 23 (12)

5/2 mm 20 (11) 1.11 0.47�/2.63 15 (13) 1.95 0.83�/4.56 20 (16) 1.26 0.59�/2.71

Local recurrence B/0.001 0.01 B/0.001

No (ref) 30 (9) 21 (13) 30 (16)

Yes 15 (14) 10.09 3.90�/26.11 13 (13) 3.21 1.43�/7.20 15 (14) 4.94 2.24 �/10.86

Preoperative visual acuity 0.01 0.29 0.47

Better than 6/12 (ref) 25 (17) 25 (18) 25 (17)

6/12 or worse 20 (6) 0.26 0.10�/0.68 9 (8) 1.60 0.68�/3.79 20 (13) 0.76 0.36�/1.60

2
8
8
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(n�/1; 2%/5%). The 5-year eye preservation prob-

ability considering only local recurrences leading to

enucleation was 76% and including enucleations for

secondary complications and patient?s request the

probability was 72% (n�/55) (Figure 3). The risk of

enucleation was significantly higher for tumours

located anteriorly and with large basal diameter

and height (Table II).

Discussion

The study cohort consists of a small consecutive

series of patients evaluated in a historical follow-up

design. With the clinical and paraclinical diagnostic

modalities available throughout the study period, the

diagnostic accuracy in our series can be regarded as

high [12].

Risk estimates for the different outcomes were

evaluated by univariate analyses only, as the material

was too small for multivariate analysis, which could

have reduced potential confounding.

Visual acuity

The visual acuity stated in the medical records

might have been better if thorough optical refraction

had been done for all patients under standardised

conditions, however, for evaluation of change in

visual acuity this might be of minor importance.

Vision loss caused by non-radiation-related

diseases such as age-related macular degeneration

or senile cataract was not accounted for. The

presented vision loss might therefore be an over-

estimation of radiation side effects.

The visual acuity decreased over time, leaving

a relatively large number of patients with poor

but some vision years later. The median last post-

operative visual acuity was 0.1, which was in

accordance with a Swedish series [13]. The median

decrease in visual acuity was three lines through a

median follow-up time of 4.6 years. In the Colla-

borative Ocular Melanoma Study (COMS) using

iodine 125 brachytherapy for medium-sized tu-

mours, an average loss of two lines per year was

found in the first three years [14].

For every ten eyes, three eyes retained visual

acuity of 0.33 or better and four retained visual

acuity of better than 0.1 five years after treatment. A

large Swedish ruthenium series showed a 5-year

probability for retaining visual acuity of 0.5 or better

of 31% and better than 0.1 of 49% [15], and another

large series of radiation brachytherapy (iodine in

59%, cobalt in 27%, iridium in 9%, and ruthenium

in 5% of patients) showed a 5-year probability for

retaining visual acuity better than 0.1 of 66%, which

was much better than in our study, and a 5-year

probability for not losing 5 Snellen lines or more of

67% compared to our 59% [16]. However, the

tumours in these two series were smaller than in

our material, which could partly explain their better

results. For tumours higher than 8 mm treated by

iodine, cobalt, iridium, or ruthenium, a 5-year

probability for retaining vision better than 0.1 of

43% has been found [17]. Lommatzsch found for

ruthenium brachytherapy a 10-year probability for

visual acuity of 0.1 or better of 37% [18]. In the

COMS the 3-year probability for retaining vision of

better than 0.1 was 57% and for not losing 6 lines

51% [14]. As no international consensus exists on

Figure 4. Relation between local tumour control and tumour

largest basal diameter and height after 106Ru/Rh brachytherapy.

For one tumour no information on largest basal diameter was

available and for another no information on height.

Figure 3. Probability for no local recurrence and no enucleation

after 106Ru/Rh brachytherapy.
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how to report visual outcome it is difficult to

compare studies, however, the tendency towards

vision loss through the years is evident.

Visual outcome seems better after 106Ru/Rh com-

pared to 125I [19] and proton radiation [20]. 106Ru/

Rh and proton radiation have a more marked fall-off

in radiation dose and might be a better choice in

tumours located near the optic disc [19,21]. Alter-

natively, visual function can often be retained by

local tumour resection in carefully selected patients

as described by Damato et al. [22,23].

The reasons for visual acuity loss after radiation

brachytherapy are retinopathy, maculopathy, optic

atrophy, cataract, and neovascular glaucoma

[24�/27]. High tumour dose rate in radiation bra-

chytherapy has shown increased risk of retinopathy

and poor vision [24,28] . The visual outcome after

brachytherapy for juxtapapillary or macular choroi-

dal melanomas is especially poor [29�/32]. Brachy-

therapy for ciliary body melanomas has an increased

risk of anterior segment complications, i.e. especially

cataract and neovascular glaucoma, whereas the risk

of posterior segment complications, i.e. maculopathy

and optic atrophy, is lower [33].

In this study, the prognostic factors for visual

acuity loss were in univariate analysis tumour height,

largest basal tumour diameter, and local recurrence.

The eyes with local recurrence were almost all

enucleated with postoperative vision set at no light

perception. In the literature, the risk factors for

visual acuity loss are higher-age, poor initial visual

acuity, increasing tumour height, proximity to fovea

or optic disc, anterior tumour margin posterior to

the equator, presence of subretinal fluid, and tumour

recurrence [14�/16,18,19,24,32,34,35] .

Local tumour control and eye preservation

The 5-year probability for no local recurrence was

73% compared to 59% [36], 78% [37], and 98%

[38] in other Ruthenium series. The long-term

results after 106Ru/Rh treatment have shown a

10-year probability for no recurrence of 76% [37]

and a 15-year probability of 63% [18]. In the COMS

using iodine 125 brachytherapy for medium-sized

tumours, the 5-year probability for no local recur-

rence was 90% [39]. Local recurrence occurred

more frequently in tumours with large height,

especially higher than 8 mm, large basal diameter,

and anterior location, which was in accordance with

other studies [17,18,20,26,36�/38,40]. Tumour

location close to the optic disc or fovea might pose

a problem in plaque positioning and increase the

risk of local recurrence, although this was not the

case in this study. Increased risk of local recurrence

has been found for lower radiation dose to tumour

apex [41�/43] and lower dose rate to the apex

[43]. By routine, the radiation dose was 100 Gy

in the design depth of the plaque at 6 mm including

the sclera. Many relatively high tumours (median

height was 5.8 mm) had been treated, which could

partly explain the tendency towards more recur-

rences than in other studies.

An increased risk for local recurrence has been

found for 106Ru/Rh compared to 125I or proton

radiation [17,20] and for 125I brachytherapy com-

pared to proton or helium ion radiation [44,45].

Table II. Risk of local recurrence and enucleation for reasons for different parameters evaluated by univariate Cox regression analysis.

Local recurrence Enucleation (all reasons)

n (events) p Rate ratio 95% CI n (events) p Rate ratio 95% CI

Age 0.18 0.08

5/60 years (reference) 27 (10) 27 (14)

�/60 years 28 (5) 0.48 0.16�/1.40 28 (6) 0.42 0.16�/1.10

Anterior tumour margin 0.01 0.04

Posterior to equator (ref) 37 (7) 37 (12)

Equator to ora serrata 18 (8) 3.64 1.30�/10.26 18 (8) 2.72 1.07�/6.93

Largest basal diameter 0.01 0.002

5/12 mm (ref.) 28 (4) 28 (5)

�/12 mm 26 (11) 4.33 1.37�/13.65 26 (14) 5.11 1.83�/14.29

Height 0.07 0.047

5/6 mm (ref.) 30 (6) 30 (8)

�/6 mm 24 (9) 2.60 0.92�/7.35 24 (11) 2.53 1.01�/6.31

Height 0.01 0.01

5/8 mm (ref.) 44 (10) 44 (13)

�/8 mm 10 (5) 4.06 1.37�/11.99 10 (6) 3.87 1.45�/10.31

Distance optic disc/fovea 0.60 0.79

�/2 mm (ref.) 25 (7) 25 (8)

5/2 mm 26 (7) 0.76 0.26�/2.16 26 (10) 0.88 0.35�/2.26
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Local tumour control has been found high

after proton and helium ion radiation, which can

deliver a high dose to a well-defined area [44�/47].

However, the charged particle radiation results in a

high risk of anterior segment complications, i.e.

cataract, iridocyclitis and especially neovascular

glaucoma, compared to 106Ru/Rh and 125I bra-

chytherapy [6,20,46,48]. Local tumour control can

also in selected small pigmented choroidal melano-

mas be obtained by transpupillary thermotherapy

alone [49] or in combination with e.g. brachytherapy

[49�/52]. Finally, local tumour control has been

achieved by transscleral local resection [23] and by

stereotactic external photon beam radiation, which is

a relatively new treatment modality for uveal mela-

noma [53].

The 5-year probability for eye preservation was

72% compared to 82% in a French [37], 83% in a

Swedish [15], and 85% in a Finish series [27]. The

tumours were larger than in the French and

Swedish but similar to the Finish series. The 5-

year eye preservation for tumours higher than 8

mm treated by various isotopes has been found to

be 76% [17] and in the COMS treating medium-

sized tumours by iodine 125 it was 88% [39].

The long-term results after 106Ru/Rh have shown a

10-year eye preservation of 78% [15] and 81% [37]

and a 15-year eye preservation of 66% [18]. The

main reasons for enucleation after radiation bra-

chytherapy are local tumour recurrence in 51% to

75% [15,31,54] and neovascular glaucoma in 17%

to 31% [13,31,54]. The reasons for enucleation in

these studies are comparable to this study. Other

reasons are patient’s request, scleral necrosis, retinal

detachments, vitreous hemorrhage, or optic atrophy

[13,31,54].

Conclusion

In this consecutive series, patients retained some

useful vision in the first postoperative years and a

few even got better vision. However, the long-term

visual outcome is poor with a continuing visual

acuity loss over time and a large number of patients

became blind or lost reading ability after 5 years,

either because of radiation complications or sec-

ondary enucleation. Most patients had no local

recurrence and retained the eye 5 years after

treatment. 106Ru/Rh brachytherapy can be regarded

as a good treatment option for small and medium-

sized tumours but not for large tumours. In a

general sense, the results of this series were compar-

able to other studies of 106Ru/Rh brachytherapy

treated patients.
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