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Abstract 
Purpose: A retrospective evaluation of effectiveness of brachytherapy or enucleation in treatment of rare form of 

uveal melanoma: ring melanoma. 
Material and methods: Analysis comprised 49 patients treated from 2000 to 2019 for ring melanoma involving cil-

iary body. In 15 patients, primary treatment consisted of brachytherapy (106Ru or 125I), whereas in 34 patients, eyeballs 
were enucleated. The evaluation concerned differences between analyzed groups relating to the clinical and histo-
pathological features as well as overall survival, cancer-specific overall survival, and disease-free survival. 

Results: No significant differences between the analyzed groups were found with regards to clinical and histo-
pathological features, apart from intra-ocular pressure (increased in the enucleation group). Kaplan-Meier analysis 
did not reveal any significant differences between the group treated with enucleation and the group undergoing 
brachytherapy, both with regards to overall survival (p = 0.325) and cancer-specific overall survival (p = 0.477). A sig-
nificant difference was observed in disease-free survival (p = 0.009), which was significantly shorter in the group 
undergoing brachytherapy. In the analysis of parameters of the applied brachytherapy, no significant differences 
between patients with and without local recurrence were found. Mean observation period was 350.8 weeks (range,  
24-996 weeks, SD = 231.6). A local recurrence occurred in 11 (22.4%) patients, including 3 (6.1%) in enucleation and 
8 (16.3%) after brachytherapy groups. Metastasis developed in 11 (22.4%) cases after a mean follow-up of 133 weeks 
(33.25 months), range 3-655 weeks. 

Conclusions: Preliminary observations may suggest that brachytherapy in this rare form of uveal melanoma, such 
as ring melanoma involving the ciliary body, may be taken into consideration as a useful alternative to enucleation. 
However, the confirmation of such an approach requires a larger patients’ group to be gathered, and also a longer fol-
low-up period. This is especially important in patients with a good baseline visual acuity in the affected eye, or when 
the neoplasm is present in the remaining eye with vision. 
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Purpose 
Ring melanoma is a  rare form of the most frequent 

primary inter-ocular neoplasm in adults, i.e., uveal mela-
noma, and has a poorer prognosis than all other types of 
neoplasms [1-4]. 

Published data suggest that iris melanoma and cili-
ary body melanoma make up 2-4% and 4-10% of all uveal 
melanomas, out of which only 10% constitute ring mel-
anomas. In other words, ring melanoma accounts for 

0.3-0.4% of all uveal melanomas [5, 6]. Assuming that 
the prevalence of uveal melanoma is 1.3-8.6 of new cas-
es per 1,000,000 people, it may be estimated that for ring 
melanoma, there will be 0.78-12 new cases per year per 
100,000,000 individuals. 

Uveal ring melanoma is defined in many ways. Ac-
cording to Reese, this term may signify ‘disseminated’ 
ring melanoma, which involves the iris or iridocorneal 
angle, and ‘true’ ring melanoma involving the ciliary 
body [8]. At a later stage, the ‘disseminated’ ring melano-
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ma is associated with a diffuse iris melanoma (DIM) and 
iris ring melanoma; and this classification is now univer-
sally used [2, 4]. Generally, it is assumed that ring mel-
anoma is a uveal melanoma, which in a circumferential 
manner (360 degrees) involves the eyeball. However, its 
variations, in which the tumor involves the iris or ciliary 
body on the area exceeding 6 clock hours, or in the case 
when there are numerous foci of the pigment. or when 
the iridocorneal angle is simply ‘covered’ with a dark pig-
ment looking suspiciously on the area exceeding 180 de- 
grees, are also classified as ring melanomas [1-3, 9-11]. 

At times, it is difficult to determine definitively the 
point of origin of this type of neoplasm. Ring melanoma 
may involve the iris, iridocorneal angle, and the ciliary 
body in a  way that each of these structures is affected 
separately. However, more frequent forms involve var-
ious combinations, in which the melanoma occurs simul-
taneously in two or even three of the above places, but 
the ciliary body is the main site of involvement [10, 12]. 
There are also reports presenting isolated cases of uveal 
ring melanoma [9]. 

Clinical manifestations of ring melanoma may vary, 
depending on its location. A  progressing change of the 
iris color in one eye (heterochromia) that has not occurred 
since birth, with an increased pigmentation over the pas-
sage of time, which may be accompanied by an elevated 
intra-ocular pressure in one eye, may be indicative of iris 
ring melanoma. When the cancer involves the iridocor-
neal angle, intra-ocular pressure increases as melanoma 
cells or tumor pigment-laden macrophages block the tra-
becular meshwork and Schlemm’s canals, inhibiting the 
outflow of aqueous humour from the eyeball. The growth 
of ring melanoma within the ciliary body can also lead to 
secondary glaucoma; additionally, there are dilated epis-
cleral vessels, such as tumor sentinel vessels, and also the 
foci of extraocular infiltration. 

Clinical symptoms involving visual disturbances 
occur relatively late, and the majority of patients have 
a very good acuity of vision at the moment of diagnosis 
[1-3, 11, 12]. Generally, atypical clinical picture of the con-
dition and rarity of incidence result in a delayed diagno-
sis. This, in turn, leads to a delay in initiating the correct 
treatment, as opposed to other types of uveal melanomas, 
which are usually well-circumscribed tumors [1, 11, 12]. 
Furthermore, difficulties with incorrect diagnosis in ring 
melanoma lead to the use of various procedures, includ-
ing surgical ones, which increase the risk of systemic 
disseminated neoplasm. Most frequently, this situation 
occurs when anti-glaucoma filtration procedures are ad-
ministered for incorrectly diagnosed pigmentary glauco-
ma, or with cyclo-destruction of the ciliary body or cata-
ract removal. All the above procedures increase the risk 
of mortality in patients with ring melanoma [4, 11, 13, 14]. 

Practically, the overwhelming majority of ring mela-
noma cases within this study were treated with the eye-
ball enucleation. Only in a  few cases, brachytherapy or 
proton therapy were applied [1-3, 15]. 

For most patients, the diagnosis of a malignant tumor, 
including ring melanoma, and the recommendation of eye-
ball enucleation as the sole treatment method, is a terrible 
shock. Decision to start the treatment is very stressful, es-

pecially when the patient has full visual acuity in the affect-
ed eye. That is why some patients refrain from deciding to 
remove the eyeball, or even give up or delay the treatment. 
Only severe pain forces patients to start the therapy. 

For the above reasons, brachytherapy was used in pa-
tients who did not decide to undergo enucleation or in 
those who had only one eye, the only eye with vision, 
in which ring melanoma was present. In some cases, 
brachytherapy was performed to obtain a histopatholog-
ical specimen confirming the presence of intra-ocular tu-
mors and to prove its existence to the patient. 

The objective of this work was to compare the results 
of ring melanoma treatment in our center, involving ei-
ther enucleation or brachytherapy. Also, according to 
our clinical experience, this paper aimed to answer the 
question in the title: In uveal/ocular ring melanoma pa-
tients, which treatment is more effective – brachytherapy 
or enucleation? 

Material and methods 
Inclusion and exclusion criteria 

In our center, from 2000 to 2019, ring melanoma was 
diagnosed in 62 patients. With regards to better progno-
sis of ring melanoma of the iris, without involvement of 
ciliary body, 8 cases of diffuse iris melanoma were ex-
cluded from the study, and they will be the subject of 
a separate analysis. In one patient, ring melanoma with 
uveal involvement up to the area of the optic disc was 
diagnosed; this case was also not taken into further con-
sideration. Additionally, 4 more patients were exclud-
ed from the study, two of them did not turn up for the 
planned treatment, one more patient did not appear for 
any follow-up visit after the enucleation, and one patient 
decided to undergo proton therapy in another center. 
Finally, 49 patients treated for true ring melanoma with 
the ciliary body involvement, treated either with 106Ru or 
125I brachytherapy, or those who underwent enucleation 
were included in the study. 

The diagnosis of ring melanoma was made on the ba-
sis of ophthalmological assessment covering the anterior 
segment of the eye in the slit lamp, gonioscopy, transillu-
mination (blockage of the light in the ciliary body at the 
tumor site was observed in 100% patients), eye fundus 
examination, with dilation of the pupil, anterior segment 
ultrasound (ultrabiomicroscopy – UBM), or on the basis 
of a  histopathological assessment. Wherever possible, 
a  photo documentation was made. In the analyzed pa-
tients’ group, true ring melanoma was diagnosed when 
in clinical or histopathological picture, the neoplasm 
involved not less than 180 degrees, i.e., 6 clock hours of 
the ciliary body with a  possible involvement of the iri-
docorneal angle or the iris. Figure 1 presents one of our 
patient’s examination results. 

Parameters analyzed 

The study considered a retrospective analysis of the 
data collected in the files of patients, in whom true ring 
melanoma was diagnosed. The survival was evaluated 
comparing overall survival (OS), cancer-specific overall 
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survival (CSOS), disease-free survival (DFS), and the risk 
of developing distant metastases, depending on the ap-
plied treatment method. The question that was pursued 
was whether there were any differences in clinical and 
histopathological pictures between the group treated 
with brachytherapy and the group where enucleation 
was performed, which could affect the survival results. 
Additionally, brachytherapy parameters, such as the 
dose per tumor apex, sclera, lens, and application time 
span were recorded. 

Qualification for treatment and its course 

Suturing a  plaque with a  radioactive isotope was 
performed in an operating theatre, in the majority of 
cases under local anesthesia and sedo-analgesia. Ruthe-
nium-106 (CCB) applicators with a  diameter of 20 mm 
(when tumor thickness was smaller than 5 mm), and 
14-seeds 125I plaque with a diameter of 20.5 mm (when 
tumor thickness was larger than 5 mm) were used for 
the therapy. A round applicator with a diameter of 20 or  
20.5 mm was placed on the entire surface of the cornea, 
after previous application of protective contact lens, so 
that the applicator could cover the entire surface of the 
cornea and, symmetrically, the structures around the 
corneal limbus. Since the cornea’s diameter, on average, 
measures 11.5 mm, it was possible to irradiate the region 
of about 4.5 mm around corneal limbus, including the 
area of the ciliary body. The plaque was sutured tempo-
rarily with intra-scleral sutures for immobilization. The 
parameter, which was always taken into consideration 
was the total dose prescription point (tumor apex dose). 
In the case of a flat tumor infiltration, the thickness was 
assumed as 2 mm, and when the tumor thickness was 
larger 2 mm, the largest measurement was considered. 

For every patient, an irradiation plan was individ-
ually prepared using Plaque Simulator X, version 5.3.9, 
so that total dose prescription point could vary between  
80 and 120 Gy, with the treatment duration not shorter 
than 43 and not longer than 168 hours. 

Iodine-125 and 106Ru brachytherapy of intra-ocular 
tumors was carried out in accordance with the guidelines 
and the procedures adopted at the University Hospital, 
which are compliant with the legal standards binding in 
our country. 

Enucleation was performed in a typical manner with 
the eye movement muscle reconstruction, suturing the 
deep tissues and conjunctiva, and, from 2008 onwards, 
with the implantation of the orbital Guthoff implant in 
the absence of the extraocular infiltration. In some pa-
tients, in order to confirm the diagnosis histopatholog-
ically and also before the final decision concerning the 
type of treatment, the lesion was biopsied. Brachytherapy 
was applied in those patients who refused enucleation or 
in those where the neoplasm was present in the only eye 
with vision. 

Statistical analysis 

Distributions of qualitative variables were present-
ed as counts (n) and percentages (%), using mean and 
standard deviation (SD). Relationships between two 
categorical variables were estimated with Fisher’s exact 
test for 2 × 2 tables, and with Fisher-Freeman-Halton test 
for other tables. A comparison of distributions of quan-
titative variables between two independent groups was 
performed using Mann-Whitney test. Relationships be-
tween applied treatment and survival time was analyzed 
with Kaplan-Meier method and presented as survival 
functions. Significance of the differences between the an-

Fig. 1. A case with ring melanoma. A) An anterior segment examination: the color of peripheral part of the iris is darker.  
B) Gonioscopy: the dark brown tumor involved all trabecular meshwork. C) Ultrabiomicroscopy (UBM) – transversal scan:  
the tumor involved all ciliary body 
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alyzed survival functions were assessed using log-rank 
test. Differences with p-value less than 0.05 were treated 
as statistically significant. Statistical analyses were per-
formed using IBM SPSS Statistics 26 for Windows (IBM 
Corp., released 2017, IBM SPSS Statistics for Windows, 
version 26.0; Armonk, NY, IBM Corp., USA). 

The Authors declare that this investigation was car-
ried out following the rules of the Declaration of Helsinki 
of 1975 (revised in 2013). 

Results 

The analyzed group consisted of 25 (51.0%) women 
and 24 (49.0%) men, and the mean age was 58.5 years 
(range, 19-79 years, SD = 14.8), whilst the mean obser-
vation period was 350.8 weeks (range, 24-996 weeks,  

SD = 231.6). Enucleation was performed in 34 patients 
(69.4%), whereas brachytherapy in 15 patients (30.6%), 
including 2 cases with iodine brachytherapy (125I) and  
13 with ruthenium (106Ru). 

The TNM classification of the disease stage indicat-
ed that 45 (91.8%) tumors were T4b and 4 (8.2%) were 
T4d, which corresponded to stage IIIB and IIIC of the  
8th edition staging for uveal melanoma. There were no 
statistically significant differences between the groups 
with regards to the cancer stage [16]. Extraocular infiltra-
tion at the moment of diagnosis was observed in 3 (6.1%) 
patients treated with enucleation and in 1 (2.0%) patient 
treated with brachytherapy. The only feature in the 
clinical picture, which significantly differed one group 
from another was increased intra-ocular pressure (above  
21 mmHg). Its values in the patients undergoing enu-

Table 1. Clinical and histopathological characteristics of the analyzed group of ring melanoma patients, divi-
ded into the type of treatment applied 

Parameter Enucleation, n (%) Brachytherapy, n (%) Total, n (%) p-value 

Sex 0.538 

Female 16 (47.1) 9 (60.0) 25 (51.0) 

Male 18 (52.9) 6 (40.0) 24 (49.0) 

Affected eye 0.210 

Left 11 (32.4) 8 (53.3) 19 (38.8) 

Right 23 (67.6) 7 (46.7) 30 (61.2) 

Visual acuity upon diagnosis 0.362 

< 0.1 9 (26.5) 1 (6.7) 10 (20.4) 

0.1-0.2 3 (8.8) 3 (20.0) 6 (12.2) 

0.3-0.6 5 (14.7) 3 (20.0) 8 (16.3) 

0.7-1.0 17 (50.0) 8 (53.3) 25 (51.0) 

Intra-ocular pressure 0.017 

Correct 6 (17.6) 8 (53.3) 14 (28.6) 

Hight > 21 mm Hg 28 (82.4) 7 (46.7) 35 (71.4) 

Clinical assessment 0.319 

Tumor involvement in clock hours 

6-8 8 (23.5) 7 (46.7) 15 (30.6) 

9-11 5 (14.7) 2 (13.3) 7 (14.3) 

12 21 (61.8) 6 (40.0) 27 (55.1) 

Gonioscopy 0.061 

Tumor involvement in clock hours 

6-8 5 (14.7) 3 (23.1) 8 (17.0) 

9-11 4 (11.8) 5 (38.5) 9 (19.1) 

12 25 (73.3) 5 (38.5) 30 (63.8) 

Pigmentation 0.089 

Heavily 34 (100.0) 13 (86.7) 47 (95.9) 

Moderate 0 (0.0) 2 (13.3) 2 (4.1) 

Amelanotic 0 (0.0) 0 (0.0) 0 (0.0) 

Iris color 0.434 

Blue 26 (76.5) 14 (93.3) 40 (81.6) 

Green 5 (14.7) 1 (6.7) 6 (12.3) 

Brown 3 (8.8) 0 (0.0) 3 (6.1) 

Total 34 (100.0) 15 (100.0) 49 (100.0) 
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cleation were significantly higher (p = 0.017). Other clin-
ical data of the study groups are presented in Table 1.  
In 41 (83.7%) cases, in which a  histopathological as-
sessment was performed, a  mixed type of melanoma 
dominated; it was diagnosed in 29 (59.2%) patients af-
ter enucleation and in the specimen harvested before 
brachytherapy in 5 (10.2%) cases. An epithelioid cell type 
was observed in 5 (10.2%) patients and 1 (2.0%) case, re-
spectively. Only 1 (2.0%) patient undergoing brachyther-
apy had the spindle-cell type of uveal melanoma. No 
significant differences in the histopathological type of 
melanoma was observed between the groups undergo-
ing various treatment methods (p = 0.581). In a significant 
majority of patients, i.e. in 46 (93.9%), the iris of the affect-
ed eye was of a light color (blue or green). 

Recurrence and subsequent treatment 

A local recurrence of the neoplasm occurred in a total 
of 11 (22.4%) patients; in 3 (6.1%) patients with enucle-
ation, a recurrence had the form of nodules of the orbit. 
All the patients were treated with the excision of the le-
sions with a healthy tissue margin. No case of second re-
currence was observed. In the patients after brachyther-
apy, a  recurrence was observed in 8 (16.3%) cases. The 
recurrence was defined as an increase in the tumor size in 
UBM and a clinical increase of the area affected by mel-
anoma (on the basis of comparison of photo documenta-
tion). In 2 (4.1%) patients, the eyeball was removed and in 
6 (12.2%) cases, next brachytherapy was performed, as the 
patients did not agree for enucleation. In 2 (4.1%) patients 
after the second brachytherapy, enucleation was still per-
formed due to second relapse. In the second group of 
patients where the primary enucleation was performed, 
the frequency of local recurrence was significantly lower 
than in the group, in which the patients were primarily 
treated with brachytherapy (p = 0.001). 

Metastases 

The studied groups did not differ significantly from 
each other with respect to the number of people, in whom 
distant metastases were found (p = 0.464). Cancer metas-
tases (in the majority of cases to the liver, 100%) occurred 
in 9 (18.4%) patients treated with enucleation, and in  
2 (4.1%) treated with brachytherapy. Metastasis de-
veloped after a  mean follow-up period of 133 weeks  
(33.25 months), ranging 3-655 weeks. 

Survival 

Kaplan-Meier analysis did not reveal any significant 
differences between the patient’s group treated with eye-
ball removal and the group undergoing brachytherapy for 
ring melanoma, both with regards to OS (p = 0.325) and 
CSOS (p = 0.477), which is illustrated in Figures 2 and 3.  
The evaluation of DFS (p = 0.009) showed one significant 
difference between the groups (Figure 4): in the patients 
treated with brachytherapy, a neoplasm recurrence was 
significantly more frequent. Also, the correlations be-
tween the ‘tumor involvement in clock hour’ in clini-
cal picture and in gonioscopy, and DFS were analyzed  
(p = 0.706 and p = 0.949, respectively), OS (p = 0.906 and  
p = 0.602, respectively), and CSOS (p = 0.855 and p = 0.888, 
respectively), with no statistical significance obtained. 

Brachytherapy parameters 

Table 2 presents the parameters of brachytherapy of 
the ring melanoma patients treated with primary therapy 
(the first treatment) and secondary therapy (the second 
treatment) due to a  relapse. The analysis did not show 
any significant differences in brachytherapy parameters, 
such as irradiation time (p = 0.925), total dose prescription 
point (p = 0.710), average dose-rate prescription point  
(p = 0.620), average dose-rate sclera (p = 0.534), and to-

	 0	 200	 400	 600	 800	 1000
Overall survival OS (weeks)

First treatment
 Surgical       Brachytherapy

 Surgical – censored cases       Brachytherapy – censored cases 

Fig. 2. Overall survival (in weeks) in true ring melanoma 
patients for the group treated with enucleation (blue line) 
and the group treated with brachytherapy (red line). Ka-
plan-Meier analysis, p = 0.325

	 0	 200	 400	 600	 800	 1000
Cancer-specific overall survival CSOS (weeks)

First treatment
 Surgical       Brachytherapy

 Surgical – censored cases       Brachytherapy – censored cases 

Fig. 3. Cancer-specific overall survival (in weeks) in true 
ring melanoma patients for the group treated with enucle-
ation (blue line) and the group treated with brachytherapy 
(red line). Kaplan-Meier analysis, p = 0.477 
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tal dose sclera (p = 0.181) between the two groups of 
patients, including those undergoing brachytherapy, in 
whom a  local recurrence was observed, and those after 
brachytherapy and without a relapse. 

Discussion 
Ring melanoma is a  rare form of the most frequent 

primary malignant intra-ocular tumor in adults, i.e. uveal 
melanoma, and it is characterized by a poor prognosis. 
This is influenced by a delayed diagnosis, often preced-
ed by a  misdiagnosis with therapeutic procedures, and 
frequent surgical procedures, which increase the risk 
of systemic dissemination of the neoplasm through the 
lymphatic vessels [4, 11]. Additionally, melanoma in-
volvement of a larger area (at least 6 clock hours) of the 
anterior segment of uvea, including richly vascularized 
ciliary body has a detrimental effect on the prognosis [5]. 
Regarding large extensiveness of the eye tissues involve-
ment with ring melanoma, eyeball enucleation is a gen-
erally accepted treatment method, especially when the 
neoplasm also affects the ciliary body, which represent 
a case of ‘true ring melanoma’ [1]. In a situation where 

ring melanoma involves only the iris, more and more 
centers currently select conservative treatment with ra-
diotherapy, proton therapy, or brachytherapy using indi-
vidually prepared applicators with radioactive isotopes, 
such as 106Ru or 125I [17-22]. In the case of ring melanoma 
with ciliary body involvement, enucleation still remains 
the sole treatment method [1]. 

In the analyzed group of patients with ring melano-
ma of the ciliary body, 51% of cases had very good visu-
al acuity (best corrected visual acuity [BCVA] = 0.7-1.0). 
In such a situation, the decision to remove the eyeball is 
very hard to make for the patient. A solution may be to 
obtain a specimen or fine needle aspiration biopsy, which 
proves to the patient that they are suffering from a ma-
lignant melanoma of the eyeball despite the lack or a low 
burden of existing symptoms [4]. 

In our department, within the last 20 years of clinical 
practice, we have seen 15 (30.6%) patients who refused 
treatment of true ring melanoma with enucleation, and 
also patients with only one eye capable of vision, in which 
the cancer was present. The case of brachytherapy appli-
cation in the diffuse melanoma of iris and ciliary body 
with the presence of extraocular nodular infiltrations 
with very good therapeutic effects was described by Gray 
et al. [23]. With the lack of consent for the removal of the 
eyeball, a decision to treat the patients with brachythera-
py was undertaken. 

Given the above situation, we have decided to ana-
lyze the results of the treatment with brachytherapy or 
enucleation in the patients with diagnosed ring melano-
ma with ciliary body involvement. 

In the present study, the analyzed groups of patients 
did not differ significantly with regards to clinical features 
(except for the increased intra-ocular pressure), histo-
pathological features, and neoplasm stages. This allows us 
to believe that the obtained results concerning the survival 
in both the groups are credible. Both OS and CSOS did not 
vary much in both the groups. That is why it may be as-
sumed that the long-term results of treatment of patients 
with a diagnosis of true ring melanoma do not depend on 
a  therapeutic method used. It is irrespective of whether 
it is brachytherapy or eyeball enucleation, the prognosis 
will be similar. In our opinion, this is very important ob-
servation allowing for a free choice of treatment method 
in this sub-type of uveal melanoma. It is especially im-
portant, as up till now, a great majority of ring melanoma 
have been treated with enucleation, a  procedure, which 
many patients regard as very mutilating [1, 11, 12, 15]. 

	 0	 200	 400	 600	 800
Disease-free survival DFS (weeks)

First treatment
 Surgical       Brachytherapy

 Surgical – censored cases       Brachytherapy – censored cases 

Fig. 4. Disease-free survival (in weeks) in true ring mel-
anoma patients for the group treated with enucleation 
(blue line) and for the group treated with brachytherapy 
(red line). Kaplan-Meier analysis, p = 0.009 
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Table 2. Selected brachytherapy parameters applied during primary (I) and secondary (II) treatments,  
and in the case of local recurrence. The mean value of the dose applied is presented in brackets 

Parameter I treatment 106Ru 
n = 13

I treatment 125I 
n = 2 

II treatment 106Ru 
n = 6 

Irradiation time (h) 48.0-93.5 (91.2) 47.8-48 (47.9) 49.1-144.2 (93.9) 

Avg. dose-rate prescription point (cGy/h) 105.5-153.8 (108.5) 106.7-182.7 (144.7) 61.9-91.75 (68.3) 

Total dose prescription point (Gy) 83.12-110.9 (98.3) 87.4-96.7 (92.0) 102.4-106.9 (103.9) 

Total dose sclera (Gy) 166.7-420.2 (206.6) 442.8* 178.7-185.4 (183.4) 

Total dose lens (Gy) 23.9-95.0 (50.5) 95.1* 48.0-63.2 (54.4) 

* No doses of total dose sclera and total dose lens for the second patient 
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Additionally, as reported by other authors, a large rate 
of patients with true ring melanoma have a good visual 
acuity at baseline. This means that in these patients, the 
use of brachytherapy as a  primary treatment would be 
much better, since this method allows for eyeball preser-
vation and, for some time, a useful acuity of vision [1, 11]. 

Moreover, if in the majority of cases, the local treat-
ment or anti-glaucoma procedures (only after brachyther-
apy) allows for normalizing inter-ocular pressure, the use 
of brachytherapy to preserve visual acuity and the eyeball 
in patients with true ring melanoma would be justified. 
It is generally believed that after radiotherapy, some pro-
cedures can be performed, such as cataract removal, an-
tiglaucoma surgeries, and also anti-VEGF and triamcino-
lone injections into the anterior chamber or intravitreal, as 
a treatment of post-irradiation complications [5, 24]. 

Enucleation is always the final option. Some patients, 
as it was mentioned here before, in spite of the presence 
of a malignant tumor, do not consent for enucleation. Our 
observations confirm that it is easier for a patient to de-
cide to have the eyeball removed only after the failure 
of the first treatment and sometimes, after the failure 
of the second. A  relapse after brachytherapy treatment 
was found in 8 (53.3%) patients; however, in 4 (26.6%) 
of them, after the second brachytherapy, a  positive re-
sult of local treatment was obtained and it persisted for 
the entire follow-up period. To summarize, in 11 (73.3%) 
patients treated with brachytherapy, a  good local final 
treatment result was achieved. In the published data, the 
frequency of local recurrence in the case of melanoma of 
the anterior part of uvea, including the ciliary body, is 
0-55%, and in our case, it was 26.7% [25, 26]. Despite the 
local recurrence, the 5-year mortality in the group of our 
patients undergoing brachytherapy was 20.0%, which is 
a result similar to those reported by other authors ,who 
defined it to be 19.0% [27]. 

In the analyzed group of true ring melanoma pa-
tients, there was one significant difference observed in 
the groups undergoing various types of therapy with 
regards to DFS. Disease-free survival was significantly 
shorter in the group of patients treated with brachythera-
py. This fact is associated with frequent local recurrences 
in the group undergoing radiotherapy. Fortunately, this 
fact did not lead to a poorer prognosis, which has already 
been mentioned here. 

We also evaluated whether the applied brachyther-
apy parameters differed between the group without 
the relapse and the group with the local recurrence. The 
analysis, which was carried out did not reveal any sig-
nificant differences in brachytherapy parameters, such as 
irradiation time (p = 0.925), total dose prescription point  
(p = 0.710), average dose-rate prescription point (p = 0.620), 
average dose-rate sclera (p = 0.534), and total dose sclera 
(p = 0.181) between the groups. 

A good solution in the radiotherapy treatment of true 
ring melanoma may be the use of individually prepared 
applicators or the use of proton therapy, as it is done in 
unresectable cases or in diffuse melanomas, such as iris 
melanoma. The choice of such methods of treatment, 
along with the option of sparing stem cells of the lim-
bus to avoid various complications, seem to be a rational 

solution in the conservative treatment of true ring mela-
noma [17-20]. 

Messer et al. analyzed 7,096 uveal melanoma patients 
with regards to survival depending on the fact whether 
the patient was treated with brachytherapy or enucle-
ation. On the basis of their investigation performed, they 
concluded that tumor genetics, size, and early micro-met-
astatic spread were the most important indicators for sur-
vival. Therefore, local treatments other than enucleation, 
such as eye plaque brachytherapy, should be safe and 
efficient in patient’s vision and aesthetics preservation. 
Their findings suggest that eye plaque brachytherapy is 
a reasonable treatment option for all size ocular melano-
ma tumors, even large size tumors [28]. The above ob-
servation may also confirm our results, such as the lack 
of differences in OS and CSOS, irrespectively of the ring 
melanoma treatment manner. 

The group of patients with true ring melanomas ana-
lyzed in our study was one of the largest group described 
in English language publications. According to our best 
of knowledge, this is also the first publication evaluating 
the differences in the treatment of this condition with two 
diverse methods: conservative (in the form of brachyther-
apy) and radical (eyeball enucleation). We have shown 
that the choice of the former method of treatment dis not 
affect the length of survival of patients with ring melano-
ma involving the ciliary body. 

Certainly, a  prolongation of the follow-up period 
would be advisable as well as analyses performed on 
a larger group of patients with true ring melanoma. Due 
to very low prevalence of ring melanoma involving the 
ciliary body, a good idea would be to create a multi-cen-
ter study, in which the center dealing with ophthalmo-
logical oncology could participate. This would allow to 
gather an adequately large patients’ group for further 
analyses. 

Conclusions 
Preliminary observations may suggest that brachy- 

therapy in this rare form of uveal melanoma, such as ring 
melanoma involving the ciliary body, may be taken into 
consideration as a useful alternative to enucleation. How-
ever, the confirmation of such an approach would require 
a  larger patients’ group to be investigated and a  longer 
follow-up period. This is especially important in patients 
with good visual acuity in the affected eye or in cases 
where the cancer is present in the only eye with vision. 
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