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SUMMARY
Introduction: In the past enucleation was the treatment of choice for all the patients with uveal melanoma. Nowadays, we prefer glope-sparing 
treatment modalities, except for large tumors, tumors with extrascleral extension and painful blind eyes. Most of the patients perform radiotherapy 
or local resection techniques. In Slovak Republic, the only one possibility is a stereotactic radiotherapy on a linear accelerator LINAC. Nevertheless, 
enucleation after radiotherapy is necessary for some patients. The causes are postradiation complications, mainly neovascular glaucoma, tumor 
recurrence, tumor progression or patient´s decision.
Material and methods: The retrospective non-randomised study of 168 eyes of the patients with choroidal or ciliary body melanoma, who performed 
one-day session stereotactic radiosurgery at the linear accelerator LINAC during period 2007-2016. The data about postradiation complications were 
analysed based on the medical records of the patients and the data about enucleated eyes based on the histopathological findings.
Results: The occurence of enucleation after radiotherapy in our cohort was 17 % (28 patients), with median time period after radiotherapy 21,5 months. 
The most common cause was neovascular glaucoma (82 %), then tumor progression (14 %) and patient´s decision (4 %). The most common histopatho-
logical finding was spindle-cell melanoma.
Discussion: Others authors describe similar enucleation rate and causes. The histopathological findings indentified more viable melanoma cells in 
eyes enucleated for tumor progression in comparison with enucleation for other causes. Enucleation may be more difficult and the occurence of 
postoperative complications can be higher in the eyes after radiotherapy rather than primary enucleation.
Conclusion: The management of the patients with uveal melanoma is difficult, and requires the cooperation of ophthalmologist, oncologist, radiation 
physicist and pathologist. Even if we make effort to preserve the eye, enucleation after radiotherapy is necessary in some patients.
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ENUCLEATION AFTER STEREOTACTIC 
RADIOSURGERY IN PATIENTS WITH UVEAL 
MELANOMA 

INTRODUCTION

In the past, enucleation was the treatment of choice for 
practically all patients with malignant uveal melanoma, in 
which it was assumed that this was the only possibility of 
ensuring the survival of patients. A change took place af-
ter the large randomised multicentric Collaborative Ocu-
lar Melanoma Study, which was conducted in the USA in 
the period from 1987-1998. The patients in the study were 
divided on the basis of tumour size, in which those pa-

tients with a medium-sized melanoma were divided into 
two groups – one group had undergone brachytherapy, the 
second enucleation. It was demonstrated that there was no 
significant difference between the survival of these two 
groups of patients [1,3,4,6,8,14].

At present the trend in the treatment of uveal melano-
ma is radiotherapy. In other countries local resection of 
the tumour is also practised, sometimes in combination 
with radiotherapy. Enucleation as the primary treatment is 
chosen for patients with large tumours, with extrascleral 
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spreading or with a dolorous blind eye [5,10,17,19]. In 
the Collaborative Ocular Melanoma Study, patients with 
large melanomas were randomised into two groups, in 
which the patients in one group had undergone external 
radiotherapy before enucleation, and the patients in the 
second group had not. After statistical evaluation, there 
was no difference in survival between these two groups, 
and as a result, on the basis of this study, neoadjuvant 
external radiotherapy is not recommended before enuc-
leation [15]. However, on the basis of a non-randomised 
prospective trial by Kilic et al., which included 167 pati-
ents, the survival rate was better in those patients who had 
undergone external radiotherapy before enucleation than 
in patients who had undergone enucleation only [18].

Enucleated eyeballs are subsequently histopathically 
evaluated, in which the finding after primary enucleati-
on is often differentiated from previously irradiated eyes. 
In each tumour the type of cells is examined, in which a 
distinction is made between spindle cell type A and B, 
epithelioid type, mixed type and necrotic type. Spindle 
cell type A typically occurs in choroidal nevi. The pre-
sence of spindle cells in the melanoma attests to a better 
prognosis. Epithelioid type morphologically resembles 
the cells of the epithelium. A finding of these cells attests 
to a worse prognosis, in which it is often associated also 
with other adverse prognostic factors such as monosomy 
of the 3rd chromosome. If spindle or epithelioid cells are 
present in various proportions, this concerns a mixed type 
of melanoma. The necrotic type contains places of necro-
sis, which may cause a secondary inflammatory reaction. 
Its prognosis is similar to the epithelioid type.

Other negative prognostic factors designated by histo-
pathological examination include large nucleoli, a larger 
number of mitoses and certain types of extravascular mat-
rix, such as the presence of kinks and meshes. 

Further prognostic factors are determined by immuno-
histological examination. Microvascular density as evi-
dence of more pronounced vascularisation is associated 
with a high risk of metastases, as well as a higher num-
ber of macrophages and lymphocytes in the sample under 
examination [16,20,25]. Among the antigens of cell proli-
feration attesting to a worse prognosis are PCNA (prolife-
rating cell nuclear antigen) and Ki-67 antigen [24].

The causes of enucleation following irradiation include 
neovascular glaucoma, which is generally difficult to ma-
nage by treatment, and is etiopathogenically linked with 
ischemia of the anterior segment or retina. Further cau-
ses are recurrence or progression of the tumour even after 
irradiation, and personal decision of the patient due to fear 
of the disease [7,9,11,13,23].

Upon histopathological examination of eyes enuc-
leated following radiotherapy, we generally find more 
necrotic areas, and the microvascular density is lower 
due to radiosensitivity of the blood vessels. Of the cells 
we find more epithelioid here, which is surprising, sin-
ce epithelioid cells are considered more radiosensitive. 
In tumours after irradiation, melanoma cells are often 
present and viable. A typical finding is obliteration of 

the blood vessels and degenerative changes such as the 
presence of balloon cells [1]. 

COHORT AND METHOD

We retrospectively analysed a set of 168 eyes in patients 
with malignant melanoma of the choroidea or corpus ci-
liare, who had undergone stereotactic radiosurgery at the 
Oncological Institute of St. Elizabeth in Bratislava, in co-
-operation with the Department of Ophthalmology at the 
Faculty of Medicine of Comenius University and Ružinov 
University Hospital, in the period from 2007-2016. The 
observation period was 13-122 months. We examined the 
patients’ health documentation, where we obtained data 
about post-radiation complications, and we also reviewed 
the histopathological findings of the enucleated eyeballs. 
We have already published the results regarding ma-
culopathy in this cohort in the journal Czech and Slovak 
Ophthalmology [26]. In this article we are focusing on the 
number and causes of enucleation, in which we are using 
descriptive statistics, and we are also focusing on a histo-
pathological evaluation of the enucleated eyeballs, which 
we have processed in co-operation with a pathologist.

RESULTS

Our cohort comprised patients aged from 20 to 92 ye-
ars, in which most were within the age group of 60-69 
years (33 %). The cohort contained 85 women (51 %) and 
83 men (49 %). 82 patients (49 %) had a tumour in the 
right eye, and 86 patients (51 %) in the left eye. In 21 
patients (12.5 %) the tumour grew from the region of the 
corpus ciliare, in 147 patients (87.5 %) from the choroi-
dea. Tumours localised pre-equatorially – thus growing 
from the corpus ciliare or from the pre-equatorial part of 
the choroidea – were found in 41 patients (24 %), and 
growing from the post-equatorial part of the choroidea in 
127 patients (76 %). The average volume of the tumour 
before irradiation was 0.4402 cm3. The dose of irradiation 
to the area of the tumour was from 35.0 to 62.05 Gy, the 
median dose was 40.13 Gy.

During the course of the entire observation period, 28 
patients in our cohort underwent enucleation (17 %). The 
most common cause was neovascular glaucoma, which 
occurred in 23 patients (82 %). In 4 eyes (14 %) enuc-
leation was necessary due to progression of the local fin-
ding, in which in all patients this concerned large tumours 
with a volume of more than 1 cm3. In 1 patient (4 %), the 
reason for enucleation was the patient’s decision, due to 
fear of the disease. The time interval between irradiation 
and enucleation was from 1 to 99 months, on average 26 
months, median 21.5 months. 

The total incidence of secondary glaucoma (Fig. 1, Fig. 
2) in our cohort was 49 patients (29 %). Of these, 12 had 
melanoma of the corpus ciliare (24 %) and 37 had me-
lanoma of the choroidea (76 %). The treatment of glau-
coma was medicamentous in all patients, and 12 patients 
underwent cyclocryocoagulation, which had a good effect 
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in 4 patients (33 %).
After enucleation, eyes with MUM were histopatho-

logically evaluated. The most widely represented were 
tumours composed of spindle cells, of which there were 
13 (46 %). Of these 4 were of spindle cell type A, 7 were 
of spindle cell type B, and 2 were mixed spindle cell type 
A+B. Epithelioid type was found in 5 tumours (18 %). 
Mixed spindle cell and epithelioid type was found in 5 
tumours (18 %). In 5 patients (18 %) the histopathological 
type of tumour was unknown, most often because the pati-
ents underwent enucleation at a different centre (Table 1).

Fig. 3 and 4 show the histopathological finding of a re-
curring melanoma of the corpus ciliare in a female patient 
in our cohort, with infiltration of the lateral wall of the 
eyeball, spindle cell type B, haemotoxylin-eosin staining 
in 25x and 100x enlargement. 

 
DISCUSSION

Authors from the London Ocular Oncology Service 
analysed enucleations in patients following radiotherapy 
in the period from 2008-2014. This concerned a cohort 
of 99 enucleated eyes, of which 21 were localised in the 
corpus ciliare (21 %), 31 were with juxtapapillary locali-
sation (31 %), and 47 tumours were in other parts of the 
choroidea (48 %). The primary treatment used was bra-
chytherapy with the use of Ru106 in 85 patients, proton 
therapy in 11 patients and transpupillary thermotherapy 
in 3 patients. The indications for secondary enucleation 
were: recurrence of tumour in 60 eyes (61 %), neovascu-
lar glaucoma in 21 eyes (21 %) and absence of response 
to treatment in 18 eyes (18 %). In 20 patients (20 %) me-
tastases were diagnosed, in which 12 of them exited. On 
the basis of a multivariate analysis, juxtapapillary locali-
sation of the tumour was demonstrated to be a risk factor 
for absence of response to treatment (p = 0.004), and also 
absence of response to treatment was associated with a 
higher risk of the development of metastases (p = 0.04). 
Juxtapapillary localised tumours were therefore demon-
strated to be more radioresistant, and also involved a hi-

Fig. 2. Patient with post-radiation optic neuropathy and 
maculopathy  

Fig. 1. Patient with post-radiation cataract and neovas-
cular glaucoma

Fig. 3. Recurring melanoma of the corpus ciliare, spin-
dle cell type B, enlarged 25x

Fig. 4. Same melanoma, enlarged 100x
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gher risk of the formation of metastases [2].
Furdová et al. analysed the number of secondary enuc-

leations and survival in a cohort of 150 patients who 
underwent irradiation on a LINAC linear accelerator in 
the period from 2001-2015. Enucleation after irradiation 
was necessary in 20 patients (13.3 %), especially due to 
neovascular glaucoma. Survival of patients was 96 % af-
ter 1 year of treatment, 93 % after 2 years, 84 % after 5 
years, 80 % after 7 years and 53 % after 11 years [12].

Seregard et al. examined the viability of posterior uveal 
melanomas following brachytherapy by ruthenium emitters 
on the basis of a histopathological evaluation of seconda-
rily enucleated eyes. In a cohort of 266 patients, 46 were 
secondarily enucleated. The causes were: recurrence of 
tumour in 27 patients (64 %), adverse effects of irradiati-
on in 12 (29 %) and patient’s personal decision in 3 cases 
(7 %). Of the 46 enucleated eyeballs, 42 were histopatho-
logically evaluated. The median time interval from radio-

Table 1. Overview of enucleated eyeaballs

Patient no. Volume of 
tumour in cm3

Localisation of 
tumour

Cause of 
enucleation

Number of 
months after 
irradiation

1 1.05 CIL progression 12 SB

2 0.15 CH NVG 78 SA

3 0.31 CH NVG 24 S+E

4 0.6 CIL NVG 25 SA

5 0.7 CH NVG 5 E

6 0.06 CH NVG 39 E

7 0.1 CH NVG 99 ?

8 1 CH progression 73 SA+SB

9 1.4 CH NVG 16 SA+SB

10 1.97 CH progression 1 SB

11 0.15 CH NVG 12 SB

12 0.73 CH NVG 23 SB

13 0.4 CIL NVG 16 S+E

14 1.33 CH NVG 4 S+E

15 0.2 CH NVG 30 E

16 0.13 CH NVG 43 ?

17 0.4 CH NVG 20 E

18 0.8 CH NVG 39 ?

19 0.35 CH NVG 13 SB

20 0.7 CIL NVG 23 SB

21 1.1 CH NVG 29 SA

22 0.4 CIL NVG 27 S+E

23 1.1 CH NVG 9 SB

24 0.4 CH NVG 26 SA

25 0.4 CH patient decision 14 E

26 2 CH progression 4 S+E

27 2.6 CH NVG 3 ?

28 0.71 CH NVG 9  ?

(notes: volume of tumour in cm3 – at time of diagnosis of disease, CH – tumours originating from choroidea, CIL – tumours 
originating from corpus ciliare, NVG – neovascular glaucoma, S – spindle cell type, SA – spindle cell type A, SB – spindle cell 
type B, E – epithelioid type, ? - unknown type)
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therapy to enucleation was 23 months in the group with 
a recurring tumour, and 19 months in the patients without 
recurrence. Despite the fact that a certain degree of remi-
ssion was found in all melanomas on the histopathological 
finding, only 5 were completely necrotic, and viable me-
lanoma cells were found in the remaining 37 previously 
irradiated tumours (88 %). Cell proliferation was found in 
17 out of 23 eyes (74 %) enucleated due to recurrence. This 
finding was similar as in eyes with melanoma which were 
primarily enucleated without prior radiotherapy. In contrast 
with this, cell proliferation was found in only 4 out of 13 
tumours (31 %) without clinical recurrence, which attests 
to the fact that treatment by radiotherapy is effective [22].

Pham et al. analysed the perioperative course and po-
stoperative results of primary enucleation and enucleation 
following brachytherapy for MUM. There was no diffe-
rence between the group of primarily enucleated (n=54) 
and enucleated after brachytherapy (n=34) in terms of 
age, sex and laterality. Greater perioperative difficulties 
were experienced in the group enucleated after radiothe-
rapy (28 out of 32 patients; 87.5 %) than in the group 
of primarily enucleated (1 out of 54 patients; 1.8 %), p 
< 0.0001. The duration of the operation was more than 
2 hours in 3 out of 51 primarily enucleated (6 %) and 
in 8 out of 32 enucleated after radiotherapy (25%), p = 
0.02. The average size of the implant was similar in both 
groups (20.6 mm), although 2 out of 34 enucleated after 
radiotherapy (6 %) required a graft of subcutaneous fat. 
Ptosis of the eyelid was present in 8 out of 49 primarily 
enucleated (16 %) and 13 out of 30 enucleated after ra-

diotherapy (43 %), p = 0.02. Anophthalmos occurred in 0 
primarily enucleated and 5 out of 30 enucleated after ra-
diotherapy (17 %), p = 0.006. The conclusion of the study 
was that enucleation following brachytherapy was techni-
cally more demanding and had more complications than 
primary enucleation. It is a suitable therapeutic modality 
for patients who are contraindicated for radiotherapy [21].

CONCLUSION

At present, primary enucleation is chosen as a treatment 
for uveal melanoma only in the case of an advanced 
finding. If possible, we decide in favour of therapeutic 
methods that spare the eyeball, which include especially 
radiotherapy and also resection of the tumour. However, 
even after treatment of the melanoma by irradiation, some 
patients are unable to avoid enucleation. The causes are 
post-radiation complications such as secondary glau-
coma, recurrence and progression of the growth of the 
tumour, and some patients decide in favour of enuclea-
tion themselves due to fear of the disease. The incidence 
of secondary enucleation in our cohort was 17 %, with 
a median time interval from irradiation to enucleation of 
21.5 months. The most frequent cause was neovascular 
glaucoma, and the most common finding on the histo-
pathological examination of the enucleated eyeballs was 
spindle cell type melanoma. Care for patients with uve-
al melanoma is demanding and requires the co-operation 
of an ophthalmologist, radiation oncologist and radiation 
physicist, as well as co-operation with a pathologist.
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