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Abstract  

Background: To assess the long-term vision outcomes in patients with posteriorly 

located choroidal melanoma treated with ruthenium plaque brachytherapy between 

January 2013 and December 2015.  

 

Methods: A retrospective review was conducted on consecutive patients treated with 

ruthenium plaque brachytherapy for post-equatorial choroidal melanoma with 

available Snellen visual acuity before and after treatment, and the development and 

treatment of radiation complications.  

 

Results: There were 219 patients with posterior choroidal melanoma treated with 

ruthenium plaque brachytherapy. Median follow up was 56.5 months, range 12-81 

months. Final visual acuity was ³ 6/12 in 97 (44.3%) patients, 6/12 to 6/60 in 57 

(26.0%), < 6/60 in 55 (25.1%) and 10 (4.6%) eyes were enucleated. Radiation 

maculopathy was the most common radiation complication encountered, occurring in 

53 (24.2%) patients. Of these, final visual acuity was 6/12 in 10 patients (18.9%), 

6/12 to 6/60 in 26 (49.1%), < 6/60 in 16 (30.2%) and 1 eye (1.9%) was enucleated. 

Twenty-five (47%) with radiation maculopathy were treated with intravitreal anti-

angiogenic therapy, 27 (51%) were monitored and one (2%) was treated with scatter 

photocoagulation. Eyes treated with intravitreal anti-angiogenic therapy had better 

final vision than those observed or treated with retinal laser (chi-square, p= 0.04). On 

multivariate analysis, close proximity to the optic nerve and fovea, and large or 

notched plaque type was associated with final vision worse than 6/12. 

 

Conclusion: Most patients treated with ruthenium plaque brachytherapy for posterior 

choroidal melanoma retain 6/60 vision, with almost half retaining 6/12 vision at long 

term follow up.  

 

 

 

  



Introduction 

In the management of medium-sized choroidal melanomas, studies have demonstrated 

no survival advantage of enucleation over plaque brachytherapy.1,2 The most 

commonly used radioisotopes for plaque brachytherapy are iodine-125 and 

ruthenium-106, which emit gamma and beta radiation, respectively. Ruthenium 

plaques, which have a more rapid isodose fall off than iodine, have been found to 

cause less radiation-related side effects while achieving similar rates of local control 

and patient survival in tumours that are approximately 6mm or less thick.3–7  

 

Vision preservation after plaque brachytherapy is mostly determined by certain 

tumour characteristics: thick or wide tumours that are close to the macula or optic 

nerve require high radiation doses to these structures and have worse vision 

outcomes.6,8–10 Anterior tumours, particularly those involving the iris and ciliary 

body, tend to have better vision outcomes and were excluded from this study. Patient 

factors, such as pre-treatment vision,6,9,11 older age6 and diabetes8, and other tumour 

characteristics, such as the presence of tumour-related exudative retinal detachment8 

and breach of Bruch’s membrane8, have also been associated with worse visual 

outcomes. Vision is lost due to radiation effects on the tumour: i.e., toxic tumour 

syndrome, or on healthy ocular structures: i.e., cataract, radiation macular oedema, 

radiation optic neuropathy, retinal ischaemia, neovascular glaucoma and vitreous 

haemorrhage.12 Over the past 15 years, significant advances have been made in the 

management of these complications. For example, intravitreal anti-angiogenic therapy 

is used routinely for radiation maculopathy and in some patients who develop 

radiation optic neuropathy.13,14 Similarly, toxic tumour syndrome is now recognised 

as a distinct clinical entity and it can respond to transpupillary thermotherapy or 

endoresection.15 In addition, efforts are made to optimise the radiation prescription to 

minimise the development of radiation side-effects. Plaques can be positioned 

eccentrically, with a small posterior margin, for tumours close to the optic nerve or 

macula.16 Similarly, administering radiation at a slower dose rate and lower apical 

dose may minimise the rate of radiation maculopathy and optic neuropathy.17–19 

 

The main aim of this study was to document the visual outcomes after ruthenium 

plaque brachytherapy for posterior choroidal melanomas in our centre during a time 



period when contemporary measures to minimize the development of, and effectively 

treat, radiation-related side effects have been in use.  

 

 

  



Materials and Methods 

Patients and data collection 

This was a retrospective cohort study of consecutive patients with posterior choroidal 

melanomas treated with ruthenium plaque brachytherapy at the London Ocular 

Oncology Service between January 2013 and December 2015. Patients were excluded 

if: 1) the tumour had previously been treated; 2) the tumour involved the iris or ciliary 

body; 3) the posterior edge of the tumour was anterior to the equator; and 4) the 

patient was lost to follow up in the first 12 months after treatment. The study adhered 

to the tenets of the Declaration of Helsinki and was conducted after obtaining 

approval from the Audit Committee of Moorfields Eye Hospital Clinical Audit 

Department (Number: 497). Patient medical records and imaging studies (B scan 

ultrasonography, widefield colour and fundus autofluorescence photography (Optos 

California; Optos plc, Dunfermline, Scotland) and optical coherence tomography 

(OCT) (Heidelberg Spectralis, Heidelberg Engineering, GmBH, Heidelberg, 

Germany)) were reviewed to determine baseline patient, tumour and treatment 

characteristics and clinical outcomes.  

 

Ruthenium plaque protocol 

A standard surgical technique for ruthenium plaque brachytherapy was employed, 

similar to that described by Damato et al.16 In brief, circular 12, 15 or 20 mm or 

notched 20 mm ruthenium plaques were sutured to bare sclera overlying a choroidal 

melanoma whose location was identified by transpupillary or transscleral 

transillumination. The plaque size and location of insertion were selected so that the 

plaque overlapped the tumour margins by at least 2mm, unless close to the optic nerve 

head or fovea, when the plaque positioning was offset with a smaller posterior margin 

of 1mm. A dose of 80, 100 or 120 Gy was prescribed, with an over or under-

prescription of up to 10 % (usually 5% or less) allowed. Both insertion and removal 

were typically under general anaesthesia; however, surgery was performed with a 

regional anaesthesia and sedation as required due to medical comorbidities. The 

standard follow-up protocol for patients treated with ruthenium plaque brachytherapy 

was: 3-4 monthly in the first year, 6-monthly in the second year and annually after 

that unless tumour control or treatment complications dictated otherwise. 

 

Outcome measures  



Best-correct visual acuity (BCVA) was measured using a Snellen chart with pinhole 

correction if required. Baseline vision was defined as the BCVA at the clinic review 

immediately prior to plaque brachytherapy. Vision was then collected at yearly 

intervals, with the BCVA at the clinic review closest to desired timepoint used. If no 

clinic review occurred within 6 months of the desired timepoint, no vision outcome 

was recorded for that year. Final vision was the BCVA at the last recorded follow up 

appointment. Demographic data such as age, sex and medical history were collected 

from chart review, as were data pertaining to tumour features, radiotherapy data and 

local tumour control. A tumour was defined as juxtapapillary if its posterior margin 

was within 2 disc diameters from the optic nerve, macular if its posterior margins was  

within the superotemporal and inferotemporal retinal vascular arcades, superior if its 

posterior margin and the majority of the tumour was above the superonasal and 

superotemporal vascular arcades, nasal if its posterior margin and the majority of the 

tumour was within the superonasal and inferonasal retinal vascular arcades, inferior if 

its posterior margin and the majority of the tumour was below the inferonasal and 

inferotemporal retinal vascular arcades and temporal if its posterior margin and the 

majority of the tumour was outside the macula and within the inferotemporal and 

superotmeporal arcade. Treatment failure was defined as an eye which had 

progressive tumour growth after treatment or local tumour recurrence at any 

timepoint.   

  

Data on radiation complications and their treatment were collected from chart and 

imaging review, and included radiation optic neuropathy (new optic nerve swelling or 

pallor), radiation macular oedema (new cystoid swelling clinically or on OCT 

macula), ischaemic retinopathy (the presence of retinal neovascularisation), macular 

atrophy (foveal retinal thinning in the absence of prior macular oedema),  cataract, 

toxic tumour syndrome (exudate surrounding the margin of the tumour with or 

without macular oedema), vitreous haemorrhage and neovascular glaucoma 

(intraocular pressure >21mmHg with rubeosis).   

 

Techniques used to Maximise Vision Outcomes 

A number of techniques are used to maximise vision outcomes of patients at our 

centre. Ruthenium is the only radioisotope used as it has a more favourable side-effect 

profile than iodine or palladium, with similar rates of local tumour control for 



tumours up to approximately 6mm in thickness.3–5,20 For tumours thicker than this, 

proton beam radiotherapy is used. For tumours close to the optic nerve or macula, 

plaques are placed eccentrically with a targeted posterior margin of 1mm, to minimize 

the radiation dose to these structures.21 Radiation dosing is adjusted based on 

thickness of the tumour and proximity to the optic nerve and macula: thin tumours, 

close to these structures are treated with 80Gy to the apex, instead of our standard 

dosing of 100Gy to the apex.  

 

Patients are not treated prophylactically to prevent radiation complications, but rather 

these are treated when they develop. Intavitreal anti-vascular endothelial growth 

factor inhibitor (anti-VEGF) injections, using bevacizumab, is the treatment most 

commonly used for radiation macular oedema at our centre.14,22,23 Our protocol is to 

conduct an analysis of the foveal avascular zone by fluorescein or OCT-angiography. 

Treatment is offered in the absence of widespread disruption of perifoveal vascular 

flow. A course of 3 injections is given and then an assessment based on visual acuity 

and OCT response, in a treat and extend manner.  Treatment for radiation optic 

neuropathy, similarly with intravitreal bevacizumab, is offered if the optic nerve was 

swollen and the patient has a symptomatic loss of vision.13,24 Proliferative retinopathy, 

characterized by retinal neovascularisation or vitreous haemorrhage, is treated with 

scatter argon laser photocoagulation if the view allows, or a vitrectomy for non-

clearing vitreous haemorrhage if there is no suspicion of treatment failure and good 

visual prognosis.25 Toxic tumour syndrome is treated with intravitreal bevacizumab 

injections and/or TTT to the tumour surface.12 Cataract surgery is offered for visually 

significant cataracts in patients with good visual prognosis once tumour regression 

has been demonstrated, typically at least one year after ruthenium plaque 

brachytherapy. Neovascular glaucoma is treated conservatively in most patients as, 

once established, visual prognosis tends to be poor. 

 

Data analysis 

The primary outcome measure was the proportion of eyes with BCVA 6/12 or better, 

between 6/12 and 6/60, worse than 6/60 and enucleated at 1, 2, 3, 4, 5 years and at the 

final visit. Descriptive statistics were performed on the baseline characteristics, vision 

outcomes, radiation treatment, radiation complications and local tumour control. 

Differences between the groups that achieved a final BCVA of 6/12 or better and 



those that did not were assessed by univariate and multivariate analyses. For 

multivariate analysis, a binary logistic regression model was applied. The dependent 

variable was achieving a final BCVA of 6/12 or not. The independent variables were 

the collected baseline patient, tumour and radiation treatment characteristics that had 

a p < 0.10 on univariate analyses. Data was presented as the mean ± standard 

deviation (SD) when normally distributed or as median [interquartile range, range] 

(IQR) if not. Normality was assessed using the Shapiro-Wilks test. Differences in 

continuous variables between two groups were compared using a Student’s t-test or 

the Mann-Whitney U test for normally and not normally distributed data, 

respectively. Differences in proportions between two and multiple groups were 

analysed using Fisher’s exact and Chi-square test, respectively. A P-value of < 0.05 

was considered statistically significant. All data were analysed using a commercially 

available software package (SPSS® 27; IBM Corporation, Armonk, NY, USA). 

 

 

  



Results 

Between January 2013 and December 2015, 351 patients were treated with ruthenium 

plaque brachytherapy. Of these, 219 were included in this study. Patients were 

excluded for the following reasons: iris or ciliary body involvement (N=42), posterior 

border anterior to the equator (N=11), prior treatment for their choroidal melanoma 

(N=13), less than 12 months follow up after plaque brachytherapy (N=15), treatment 

for conditions other than choroidal melanoma (N=30) and insufficient data on our 

electronic medical record to allow analysis (N=21).  

 

Baseline characteristics 

Median age at diagnosis was 64.0 years [IQR 54.0 – 72.0, range 21 – 91]. Ninety-six 

of 219 (43.8%) patients were female. Twenty-seven of 219 (12.2%) had diabetes, 

with 79 of 219 (36.1%) having hypercholesterolaemia and 47 of 219 (21.5%) 

smoking tobacco. The baseline tumour, vision and radiation treatment characteristics 

are presented in Table 1. Eight patients had a tumour thickness of more than 6mm, 

considered the upper limit suitable for ruthenium plaque brachytherapy.26  

 

Treatment outcomes 

The median follow-up time was 56.5 months [IQR 49.0 - 66.3, range 12 – 81]. BCVA 

at the latest recorded visit was ³ 6/12 in 97 (44.3%) patients, 6/12 to 6/60 in 57 

(26.0%), < 6/60 in 55 (25.1%) and 10 (4.6%) eyes were enucleated. Of the enucleated 

eyes, 8 were for lack of tumour control, 1 was for each neovascular glaucoma and 

non-clearing vitreous haemorrhage that precluded adequate assessment of tumour 

response. Vision outcomes were available for 213, 193, 179, 164 and 132 patients at 

1, 2-, 3-, 4- and 5-years post-treatment, respectively. Vision outcomes at various 

timepoints are presented in Table 2. Treatment failure occurred in 34 (15.5%) patients 

by the end of the study. Treatment failure occurred in 2 of 8 (25%) patients with a 

tumour thickness > 6 mm and 30 of 185 (16%) of those £ 6 mm. This difference was 

not significant, p = 0.62. Eleven treatment failures occurred in the first year after 

ruthenium plaque brachytherapy, 11 in the second year, 6 in the third year, 5 in the 

fourth year and 1 after the fourth year.  

 

Radiation complications 



Radiation complications, their treatment and final BCVA are presented in table 3. The 

most common radiation complication was the development of radiation macular 

oedema, which occurred in 53 of 219 patients (24.2%). Of these, final BCVA was ³ 

6/12 in 10 patients (18.9%), 6/12 to 6/60 in 26 (49.1%), < 6/60 in 16 (30.2%) and 1 

eye (1.9%) was enucleated. Twenty-seven patients with radiation macular oedema 

were observed, 25 were treated with intravitreal anti-VEGF injections and one was 

treated with scatter retinal photocoagulation. Of eyes treated with intravitreal anti-

VEGF injections, final BCVA was ³ 6/12 in 4 patients (16%), 6/12 to 6/60 in 18 

(72%) and < 6/60 in 3 (12%). Eyes that were treated with intravitreal anti-VEGF 

injections had significantly better final BCVA than those observed or treated with 

scatter laser (chi-square, p = 0.04). Data regarding the number of anti-VEGF 

injections given was available for 22 or 25 patients. A median of 3 [IQR 3.0 to 6.0, 

range 1 to 12] intravitreal anti-VEGF injections were provided. All but one patient 

was treated with intravitreal bevacizumab who received intravitreal bevacizumab 

initially and then intravitreal aflibercept after a recurrence of oedema.  

 

Patients who developed toxic tumour syndrome, radiation optic neuropathy, macular 

atrophy, vitreous haemorrhage and neovascular glaucoma had poor vision outcomes. 

In each of these groups, more than 50% of patients had final BCVA worse than 6/60. 

More than 70% of patients who developed macular atrophy and neovascular 

glaucoma had final BCVA worse than 6/60.  

 

Baseline predictors of vision of 6/12 or better 

On univariate analysis, juxtapapillary or macular tumour locations, greater tumour 

thickness, less distance to optic nerve or fovea, presence of lipofuscin on 

autofluorescence, exudative retinal detachment, worse baseline vision, slower 

delivery of radiation and use of a 20 mm circle or notched plaque were all 

significantly less likely to achieve a final BCVA of ³ 6/12. (Table 4) Importantly, 

eyes that achieved a final BCVA of ³ 6/12 had a median distance of 5.0mm or more 

to the optic nerve and fovea. On multivariate analysis, correcting for interactions 

between the baseline characteristics, only tumour proximity to nerve and macula and 

plaque type used remained significant predictors of final BCVA worse than 6/12 

(Table 5).   



Discussion 

Main findings 

The main finding of this study was that most patients treated with ruthenium plaque 

brachytherapy for posterior choroidal melanoma maintained 6/60 vision. In our study, 

44.3% of patients retained vision of 6/12 or better and 70.3% achieved a vision of 

6/60 or better at a median of 56.5 months follow up. Distance to the optic nerve and 

fovea were the most important predictors of final vision, with a distance of 5.0 mm or 

more from these structures portending good visual outcomes. The rate of local tumour 

control achieved was comparable to other studies.  

 

Included Patients  

The tumours included in this study were small and medium sized choroidal 

melanomas according to the Collaborative Ocular Melanoma Study Group 

classification.27 The median thickness was 3.0 mm and the tumours were posteriorly 

located, with a median distance of the posterior border to the optic nerve head of 3.9 

mm and to the fovea of 3.0 mm. Only posteriorly located tumours were included in 

this study because their treatment generates the most controversy. Some centres opt to 

preferentially treat these tumours with proton beam or stereotactic radiosurgery 

because it requires less surgical precision than plaque brachytherapy and potentially 

higher rates of local tumour control.28,29 At our centre, proton beam radiotherapy is 

generally used for larger tumours and those in a juxtapapillary location where  plaque 

brachytherapy cannot be performed due to tumour configuration, so we cannot 

directly compare the outcomes of our patients treated with protons and ruthenium 

plaques. There is limited comparative evidence to help clinicians choose between the 

different radiotherapy modalities. This series may serve as a useful, contemporary 

comparator for other groups who treat similar lesions with other forms of 

radiotherapy.  

 

We included all primarily treated posterior uveal melanomas, with no exclusion based 

on thickness of the tumour. In certain circumstances, typically a strong patient 

preference, patients whose tumours are more than 6mm thick will be treated with 

ruthenium plaque brachytherapy. The maximum thickness treated in the period of this 

study was 7.2 mm. The rate of treatment failure was not significantly different for 

tumours greater than 6 mm than those less than 6 mm. However, caution should be 



used in interpreting this as large tumour size is a well recognised cause for local 

treatment failure after ruthenium plaque brachytherapy.30  

 

Vision Outcomes Compared to Other Studies 

Compared to previous studies, a higher proportion of our patients achieved mid-level 

vision (6/12 to 6/60) and less had poor vision (worse than 6/60), although comparing 

retrospective studies is fraught. At baseline, 77% of the patients had BCVA of 6/12 or 

better. This is similar to previous studies.6,11,31,32 Vision gradually declined with time 

from treatment. Despite this, at the latest visit, over 70% of patients had 6/60 vision or 

better. The most comparable large study to our is by Bergmann et al.11 That study 

included 579 patients with choroidal melanoma treated in Sweden with ruthenium 

plaque brachytherapy between 1979 and 2003. The included tumours were similar in 

thickness and slightly more posterior than those in our study, distances of 2.0 mm and 

3.0 mm to the fovea optic nerve head, respectively. At 5 years, 31% retained 6/12 

vision and 49% 6/60 or better. This compares to 39% and 66% in our cohort at the 

same time points. The main difference was that more patients in our cohort retained 

vision of 6/12 to 6/60.  

 

Radiation Complications 

The radiation complications experienced by our patients were similar to other studies. 

Some complications had very high rates of visual loss: patients who developed toxic 

tumour syndrome, radiation optic neuropathy, macular atrophy, vitreous haemorrhage 

and neovascular glaucoma. In each of these groups, more than 50% of patients had 

final BCVA worse than 6/60. 

 

The most commonly encountered radiation complication was radiation macular 

oedema, occurring in 24.2% of patients. The treatment of radiation macular oedema is 

rapidly evolving since described by Finger in 2011.33 Recent studies have shown that 

prophylactic intravitreal anti-VEGF after iodine brachytherapy and proton beam 

radiotherapy for uveal melanoma improves vision and reduces the incidence of 

macular oedema.34,35 At our centre, we treat when a patient becomes symptomatic 

rather than prophylactically, in part because the rates of radiation macular oedema are 

lower with ruthenium than iodine brachytherapy. Recently, the first prospective trials 

of intravitreal anti-VEGF therapy for radiation macular oedema after plaque 



brachytherapy have been published.22,36,37 Our cohort received less intravitreal anti-

VEGF injections than the prospective studies, with a median of 3 injections. The 

largest prospective study with 37 patients, by Schefler et al, achieved a BCVA of 6/12 

or better in 30% and 6/60 or better in 83% at 1 year with the best outcome in the 

group receiving monthly injections. By comparison 16% and 88% of the patients 

treated with intravitreal anti-VEGF injections for radiation macular oedema in this 

present study achieved 6/12 or 6/60 or better vision, respectively. Achieving 6/60 or 

better therefore seems to be possible either with regular dosing or with a treat and 

extend regimen. The rate of achieving 6/12 or better vision in this study is lower than 

Finger’s long-term and large cohort study in which 65% achieved this vision level 

with a mean post-treatment follow up of 6.5 years.14 In that series, patients who 

developed symptomatic radiation maculopathy after predominantly palladium plaque 

brachytherapy, were treated with regular intravitreal bevacizumab injections.14 Our 

patients were likely treated less frequently and had more severe macular oedema than 

those in Finger’s cohort and this may account for the difference in outcomes. 

 

Predicting Vision Outcomes from Baseline Characteristics 

The strongest relationship between a baseline characteristic and vision outcomes was 

distance to the fovea; plaque type and distance to the optic nerve were also significant 

in the logistic regression model, which corrects for interactions between the baseline 

characteristics. Proximity to the optic nerve and macula are regularly found to predict 

visual outcomes in patients treated with ruthenium plaque brachytherapy.6,11,32 In our 

cohort, better vision was found in patients treated with smaller plaques. This is similar 

to the recent findings of Jouhi et al who compared vision outcomes in patients with 

tumours less than 10 mm in LBD treated with 10 mm and 15 mm plaques.38 Despite 

the tumours being located closer to the fovea, patients treated with 10 mm plaques 

had better vision outcomes and same rates of local tumour control  those treated with 

15 mm plaques in Jouhi et al’s cohort of 164 patients treated between 1998 and 2014 

in Finland.38 Our findings corroborate theirs. Other baseline characteristics that are 

variably found to be linked to vision outcomes, such as radiation dose rate,19 tumour 

thickness11,31 and LBD31 were not significant predictors in our cohort.  

 

Local Tumour Control 



The local failure rate found in this study of 15.5% at a mean follow up 56.5 months. 

This is comparable to other studies of ruthenium plaque brachytherapy for choroidal 

melanoma with this length of follow up.11,30–32 The rate of tumour control achieved by 

Damato et al in Liverpool, with 3% failure rate at 7 years, has not been replicated 

elsewhere and is the high-water mark reported in the literature.16 Achieving a balance 

between tumour control and minimizing ocular side effects is complex,  but continued 

research is necessary to improve outcomes. This study is useful as a benchmarking 

tool.   

 

Clinical and Research Implications  

This large cohort study from a tertiary referral centre provides real-world, 

contemporary treatment outcomes. It corroborates recent evidence that the use of 

smaller plaques likely results in better vision outcomes, and they should be chosen 

when doing so will not alter rates of local treatment failure.  

 

Many research questions remain. In particular, the best treatment algorithm for 

radiation macular oedema remains unanswered. An ongoing prospective study of a 

treat and extend protocol for radiation maculopathy will hopefully provide vital data 

on this.  The role of prophylactic anti-angiogenic therapy in patients treated with 

ruthenium plaque brachytherapy should also be explored.  

 

There are a number of weaknesses to mention. This is a retrospective study with the 

associated biases. In particular, no standard algorithm for the grading or management 

of radiation macular oedema was employed, including in whom to initiate treatment 

with intravitreal anti-VEGF injections or the regimen followed once begun. However, 

the value of this real-world data is primarily for use in patient counselling and as a 

comparator for future studies.  

 

Conclusions 

Most patients treated with ruthenium plaque brachytherapy for posterior choroidal 

melanomas retain 6/60 or better vision with approximately half retaining 6/12 or 

better vision. Ongoing research is needed to identify effective methods of preventing 

the development of complications associated with very poor vision outcomes and to 

optimise outcomes in those with reversible complications.  



Tables 

Table 1. Baseline tumour, vision and radiation characteristics of 219 patients with 

choroidal melanoma treated with ruthenium plaque brachytherapy  

Tumour 
     Eye, right (n, %) 107, 48.9% 
     Ultrasonographic reflectivity (n, %) 

• Low 
• Mixed 
• Medium 
• High 
• Unknown 

 
136, 62.1% 
49, 22.4% 
27, 12.3% 
2, 0.9% 
5, 2.3% 

     Location (n, %) 
• Juxtapapillary 
• Macular 
• Superior 
• Nasal 
• Inferior 
• Temporal 

 
33, 15.0% 
77, 35.2% 
49, 22.4% 
13, 5.9% 
25, 11.4% 
22, 10.0% 

     Largest basal diameter, mm (median [IQR, 
range]) 

9.0 [IQR 7.0 – 11.0, range 2.6 to 
17.0] 

     Distance to optic nerve, mm (median [IQR, 
range]) 

3.9 [IQR 1.9 – 5.9, range 0.0 to 13.7] 

     Distance to fovea, mm (median [IQR, range]) 3.0 [IQR 1.0 – 5.0, range 0.0 to 13.7] 
     Thickness, mm (median [IQR, range]) 3.0 [IQR 2.2 – 4.1, range 0.4 to 7.2] 
     Subretinal fluid on OCT, yes (n, %) 193, 88.1% 
     Lipofuscin on autofluorescence, yes (n, %) 137, 62.6% 
     Vision < 6/12 (n, %) 51, 23% 
     Exudative retinal detachment, yes (n, %) 

• All 
• Foveal involving 

 
66, 30.1% 
13, 5.9% 

     Configuration (n, %) 
• Dome shaped 
• Collar stud 
• Lobulated / nodular 
• Flat 

 
196, 89.5% 
11, 5.0% 
11, 5.0% 
1, 0.5% 

     Growth of a naevus, yes (n, %) 82, 37.4% 
Vision 
    Baseline BCVA (n, %) 

• BCVA ³ 6/12 
• BCVA 6/18 – 6/60 
• BCVA < 6/60 

 
168, 76.7% 
43, 19.6% 
8, 3.7% 

    Visually significant ocular morbidities, yes (n, %) 
• Treated eye 
• Contralateral eye 

 
18, 8.2% 
17, 7.8% 

Radiation  
     Dose prescribed, Gy (n, %)  



• 80 
• 100 
• 120 

20, 9.1% 
196, 89.5% 
3, 1.4% 

     Radiation dose rate, Gy / hr (median [IQR, range]) 1.2 [IQR 0.9 to 1.6, range 0.4 to 4.0] 
     Plaque type (n, %) 

• 12mm circle 
• 15mm circle 
• 20mm circle 
• 20mm notched 

 
2, 0.9% 
63, 28.8% 
99, 45.2% 
55, 25.1% 

 

 

  



Table 2. Vision outcomes in patients with choroidal melanoma treated with ruthenium 

plaque brachytherapy at annual timepoints post treatment 

 ³6/12 6/18 – 6/60 < 6/60 Enucleated Unknown 

1 year, n = 213 144 of 213, 
67.6% 

51of 213, 
23.9% 

17 of 213, 
8.0% 

1 of 213, 
0.5%  

6 of 219, 
2.7% 

2 years, n = 193 117 of 193, 
60.6% 

50 of 193, 
25.9% 

24 of 193, 
12.4% 

2 of 193, 
1.0% 

26 of 219, 
11.9% 

3 years, n = 179 97 of 179, 
54.1% 

50 of 179, 
27.9% 

26 of 179, 
14.5% 

6 of 179, 
3.4% 

40 of 219, 
18.3% 

4 years, n = 164 72 of 164, 
43.9% 

48 of 164, 
29.3% 

36 of 164, 
22.0% 

8 of 164, 
4.9% 

55 of 219, 
25.1% 

5 years, n = 132 51 of 132, 
38.6% 

36 of 132, 
27.3% 

36 of 132, 
27.3% 

9 of 132, 
6.82% 

87 of 219, 
39.7% 

Final visit, n = 219 97 of 219, 
44.3% 

57 of 219, 
26.0% 

55 of 219, 
25.1% 

10 of 219, 
4.6% 

0 

 

 

  



Table 3. Radiation complications in 219 patients with choroidal melanoma treated 

with ruthenium plaque brachytherapy 

 Number 
(n, %) 

Time of onset 
(months) 

Final vision (n, %) Treatment 
(n, %) 

Optic neuropathy 24, 11.0% 27.5 [IQR 18.5 - 43.0, 
range 2 to 75] 

³ 6/12: 2, 8.3% 
6/12–6/60: 10, 41.7% 
< 6/60: 12, 50.0% 

Observed 20 
Bevacizumab 4  

Cystoid macular 
oedema 

53, 24.2% 34.7 ± 17.4 (range 5 to 
67) 

³ 6/12: 10, 18.9% 
6/12–6/60: 26, 49.1% 
< 6/60: 16, 30.2% 
Enucleated: 1, 1.9% 

Observed 27 
Bevacizumab 25 
Scatter laser 1 

Macular atrophy 12, 5.5%  ³ 6/12: 0, 0% 
6/12–6/60: 3, 25% 
< 6/60: 9, 75% 

 

Cataract 35, 16.0% 21.0 [IQR 12.0 – 42.0, 
range 3 to 83] 

³ 6/12: 17, 48.6% 
6/12–6/60: 9 25.7% 
< 6/60: 9, 25.7% 

 

Toxic tumour 
syndrome 

13, 5.9% 24.2 ± 11.7 (range 9 to 
47) 

³ 6/12: 1, 7.7% 
6/12–6/60: 4, 30.8% 
< 6/60: 7, 53.8% 
Enucleated 1, 7.7% 

Observed 7 
Bevacizumab 5 
TTT 1 

Ischaemic retinopathy 21, 9.6% 38.3 ± 17.6, (14 to 76) ³ 6/12: 3, 14.3% 
6/12–6/60: 11, 52.4% 
< 6/60: 7, 33.3% 

Observed 9 
Scatter laser 7 
Bevacizumab 3 
Combined 2 

Vitreous haemorrhage 17, 7.8% 32.2 ± 18.7 (0 to 58) ³ 6/12: 1, 5.9% 
6/12–6/60: 6, 35.3% 
< 6/60: 9, 52.9% 
Enucleated 1, 5.9% 

Observed 14 
Vitrectomy 1 
Scatter laser 1 
Enucleation 1 

Neovascular glaucoma 7, 3.2% 39.0 ± 19.5 (16 to 68) ³ 6/12: 0, 0% 
6/12–6/60: 1, 14.3% 
< 6/60: 5, 71.4% 
Enucleated: 1, 14.3% 

Conservative 8 
Enucleation 1 

 

 

  



Table 4. Univariate analysis of the influence of baseline tumour, vision and radiation 

treatment characteristics on final BCVA in 219 patients with choroidal melanoma 

treated with ruthenium plaque brachytherapy 

 Final BCVA ³ 6/12 

n = 97 

Final BCVA < 6/12 

n = 122 

P value 

Demographics 
Age at diagnosis, years 64 [IQR 56.5 - 71.5] 65 [IQR 52 – 73] 0.73 
Gender, female (n, %) 41, 42.3% 55, 45.1% 0.68 
Diabetes, yes (n, %) 13, 13.4% 14, 15.4% 0.66 
Hypercholesterolaemia, 
yes (n, %) 

22, 22.7% 20, 16.4% 0.35 

Smoker, yes (n, %) 21, 21.6% 26, 21.3% 0.90 
Tumour characteristics 
Laterality, right (n, %) 49, 50.5% 58, 47.5% 0.69 
Tumour location 

• Juxtapapillary 
• Macula 
• Superior 
• Nasal 
• Inferior 
• Temporal 

 
10 
19 
32 
7 
13 
7 

 
23 
58 
17 
6 
12 
6 

< 0.01 

Thickness, mm (median 
[IQR]) 

2.8 [IQR 2.2 - 3.8] 3.2 [IQR 2.2 - 4.6] 0.03 

Maximum basal diameter, 
mm (median [IQR]) 

8.3 [IQR 6.9 - 10.5] 9.6 [IQR 7.0 - 11.6] 0.05 

Internal reflectivity, low 
(n, %) 

61, 62.9% 75, 61.5% 0.31 

Distance to optic nerve, 
mm (median [IQR]) 

5.0 [IQR 3.3 - 7.0] 2.9 [IQR 1.1 - 4.5] < 0.01 

Distance to fovea, mm 
(median [IQR]) 

5.0 [IQR 2.8 - 8.6] 1.6 [IQR 0.0 - 4.0] < 0.01 

Subretinal fluid, yes (n, 
%) 

82, 84.5% 111, 91.0% 0.21 

Lipofuscin, yes (n, %) 52, 53.6% 85, 69.7% 0.02 
BCVA < 6/12, yes (n, %) 8, 8.2% 43, 35.2% < 0.01 
Exudative retinal 
detachment, yes (n, %) 

21, 21.6% 45, 36.9% 0.02 

Configuration, dome-
shaped (n, %) 

85, 87.6% 111, 91.0% 0.19 

Growth of a naevus, yes 
(n, %) 

41, 42.3% 41, 33.6% 0.21 

Vision 
Baseline BCVA 

• ³6/12 
• 6/15-6/60 
• < 6/60 

 
89 
8 
0 

 
79 
35 
8 

< 0.01 



Radiation 
Dose prescribed, Gy (n, %) 

• 80 
• 100 
• 120 

 
8 
88 
1 

 
12 
108 
2 

0.85 

Radiation dose rate, Gy / hr 
(median [IQR, range]) 

1.3 [1.0 - 1.7] 1.1 [25% 0.8 -1.5] 0.02 

Plaque type  
• 12mm circle 
• 15mm circle 
• 20mm circle 
• 20mm notched 

 
2 
48 
34 
13 

 
0 
15 
65 
42 

< 0.01 

 

  



Table 5. Predicting final vision of 6/12 or better in 219 patients with choroidal 

melanoma treated with ruthenium plaque brachytherapy, binary logistic regression 

analysis. 

 Odds ratio 95% confidence interval P value 

Tumour location 1.24 0.95 – 1.63 0.11 

Thickness 1.30 0.92 – 1.85 0.14 

Maximum basal diameter 1.05 0.89 – 1.23 0.55 

Distance to optic nerve 0.82 0.68 – 0.99 0.04 

Distance to fovea 0.75 0.64 – 0.88 < 0.01 

Lipofuscin 1.05 0.47 – 2.34 0.90 

Baseline BCVA < 6/12 2.46 0.94 – 6.44 0.07 

Exudative retinal 

detachment 

1.12 0.52 – 2.68 0.70 

Radiation dose rate 1.04 0.49 – 2.18 0.93 

Plaque type 0.35 0.16 – 0.78 0.01 
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