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No differences in outcome between radical surgical treatment (enucleation)
and stereotactic radiosurgery in patients with posterior uveal melanoma 
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To report the treatment outcome and possible survival difference between radical surgical treatment (enucleation) or
stereotactic radiosurgery (SRS). LINAC stereotactic radiosurgery is an alternative treatment for posterior uveal melanoma 
used in Slovakia since 1999.

The study analyzed patients treated for posterior uveal melanoma in the period 2001-2008. The aim of the study was to
compare the relapse-free survival in the cohort of patients primarily treated with surgery (enucleation) or SRS. A total number 
of 84 patients were included, treatment was determined on a case-by-case basis.

We reviewed the records of patients with ciliary body or choroidal melanoma treated by enucleation – 44 patients (52%) 
and SRS – 40 patients (48%). The therapeutic attitude was established on the basis of ophthalmoscopy, ultrasound (A, B mode),
other ophthalmological findings, visual acuity, and general status of each patient. Volume of the tumor was calculated using
the formula: “π/6 x length x width x height” for each patient. All of the patients before decision to “conservative” attitude 
therapy underwent MRI examination. 

The therapeutic dose in SRS patients group was 35.0-38.0Gy.
The data were analyzed using Kaplan – Meier survival method for the differences in survival rates between the treatment

groups, and afterwards by Cox ´s proportional hazard method with predictors involved.
Among the baseline covariates evaluated, only age affected the prognosis for survival to a statistically important, however

not significant degree. The risk of death among patients treated with enucleation relative to those treated with stereotaxy after
adjustment for baseline characteristics of patients, age, and tumor volumes was not significant [1.82] (95% CI, 0.46 to 7.30;
P = 0.396). The overall five-year survival rate for patients with posterior uveal melanoma was 72%.

Treatment by either primary enucleation or SRS according to our results does not appear to influence the development
of metastases in patients with uveal melanoma; the survival prognosis is essentially determined by the stage and character of 
the tumor. No survival difference attributable to stereotactic irradiation of uveal melanoma has been demonstrated in this
retrospective study. A small difference is possible, but a clinically meaningful difference in mortality rates, whether from all
causes or from metastatic melanoma, is unlikely.

Treatment by either radical surgical attitude (enucleation) or “conservative” LINAC- SRS does not appear to influence the
survival rate in patients with uveal melanoma
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In the last decade diagnostic methods have improved, al-
though clinical diagnosis remains to be the standard in eyes 
with clear media. Ultrasound is the most important technique 
before treatment planning. While enucleation has been the ba-
sic of therapeutic intervention for a long time, in the last three 
decades different types of irradiation techniques give hope for
tumor control and functional preservation of the eye globe. The
new trend in the management of choroidal melanoma is a retreat 

Malignant uveal melanoma is the most common intraocular 
tumor in adults, the incidence is 0.6, approximately 50% of the 
patients die within 15 years after enucleation. Uveal melanoma
shows a peak incidence at age over 60, and there are many 
differences between cutaneous and uveal melanoma. The mor-
tality rate of cutaneous melanomas has been rising in recent 
decades, whereas the mortality rate from uveal melanoma has 
remained steady over the same period [1, 2].
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from radical surgical removal of the whole eye-globe (enuclea-
tion) for the globe sparing treatments started by introducing 
brachytherapy into the treatment of intraocular tumors. Alter-
natives to enucleation in middle and large tumors include also 
local resection with adjuvant brachytherapy or lasertherapy or 
external beam radiotherapy. The single irradiation of the tumor
itself is a new approach – it has been shown to achieve ultrasonic 
tumor regression in a similar fashion to brachytherapy and 
stereotactic radiosurgery (SRS). SRS of extracerebral lesions 
like uveal melanoma was invented in the last two decades of the 
20th century and is an alternative treatment for middle and large 
posterior choroidal melanoma. Some authors prefer irradiation 
by SRS before enucleation for large uveal melanoma [3, 4, 5].

SRS is single fraction of a single high-dose irradiation ad-
ministered with a precious spatial accuracy using a collimating 
system. Image fusion of a contrast--enhanced magnetic reso-
nance imaging (MRI) and computed tomography (CT) is used 
for planning co-ordinates. SRS in treatment of uveal melanoma 
in Slovakia was introduced in 1999 at the St. Elisabeth On-
cology Inst. SRS is performed on linear accelerator (LINAC) 
with 6 MV X. Rigid immobilization with the aim of Liebinger 
frame is used – the eye globe is fixed by stitches through four
extraocular muscles to the stereotactic frame. Patients with 
intraocular melanoma are precisely diagnosed and the therapy 
is a result of all tests and complete examination of the patient 
due to his/her local findings and general status.

The Collaborative Ocular Melanoma Study (COMS),
a multicentre national trial, is intended to provide long-term 
data on the natural history as well as therapeutic intervention. 
This large, prospective, randomized trial was designed to com-
pare mortality figures for medium-sized melanomas treated by
brachytherapy or enucleation [3]. The results were not able to
show the difference in mortality rates between the two treat-
ment groups after a maximum of 12 years of follow-up (COMS
2001a). The study was set up in 1985 before introducing the
stereotactic radiosurgery in the treatment of uveal melanoma. 
There is a need for multicentre trials to compare the outcomes
following stereotactic radiosurgery with enucleation, however, 
until now, no study has been performed in this topic.

Patients and methods

A retrospective survival analysis was undertaken for all 
patients with uveal posterior melanoma treated at the Dpt.
Ophthalmology, Med. School, Comenius Univ., during the 
years 2001-2008. Patients were treated by either primary radi-
cal enucleation or SRS. The diagnosis was established on the
basis of ophthalmological examination, ultrasound, CT or MRI 
examination. All patients with small intraocular melanoma 
treated only by transpupillary thermotherapy were excluded 
from the analysis and also patients with evidence of disease 
at the time of therapy. Metastatic intraocular tumors were not 
included to the analyzed cohort.

Patients were not randomized either to radical or to 
“conservative” procedure, but the treatment was determined 

exclusively on a case-by-case basis. General status, age, gender, 
the functional tests – visual acuity, perimeter, the visual acuity 
of the other eye, all were taken into consideration. The patient
was actively involved in the decision on the therapeutic proce-
dure after explaining possible postoperative complications.

The therapeutic dose in SRS TD min. varied from 35.0 to
38.0 Gy, TDmax 42.0-52.0 Gy. The doses to the critical struc-
tures were below 8.0 Gy for the optic nerve and the optic disc 
and 10.0Gy to the anterior segment of the eye.

The record for each patient included the age at treatment,
tumor size, tumor volume, the maximum height of the tu-
mor by A,B scan ultrasound, the presence and the extent of 
secondary retinal detachment, and the signs of extrascleral 
extension. The tumor volume was calculated in the group
of stereotactic patients based on an individual stereotactic 
planning. In the patients who underwent enucleation and in 
whom MRI examination was not performed, the volume was 
calculated using the formula: volume=Pi/6 x length x width 
x height. Tumors were divided into three groups as follows: 
small – less than 4mm of max. elevation, middle – 4-8 mm, 
and large – over 8mm.

The disease-free interval was defined as the period from
treatment (either enucleation or SRS) until the development of 
metastasis, or the death of the patient. The patients after enu-
cleation were examined by ophthalmologist every six months, 
with a monthly interval in the first six months, dependent on
problems with using individual prosthesis. The patients after
stereotaxy were examined by an ophthalmologist every three 
months: visual acuity, biomicroscopy, intraocular pressure, 
ultrasound in A and B mode, fundus photography and since 
the year 2007 also OCT (optical coherence tomography) 
was routinely done. Postradiation complications and tumor 
dimension and extent of secondary retinal detachment were 
observed. 

The disease free interval was defined as the time from treat-
ment until the development of metastases. Patients were seen 
in three month interval in the first year after the SRS, later in
six month interval following SRS. Patients in both groups were 
regularly in six month interval recommended to their oncolo-
gist to a liver ultrasound, abdominal ultrasound, liver function 
test, brain CT, chest X-ray to confirm or exclude the presence
of metastases. In individual cases they were recommended to 
brain CT or PET (positron emission tomography).

The patients were observed in the period from 2001 (01/01) to
2008 (31/12) and the data were analyzed as indicated below. 

Statistical analysis. Data that were confirmed to be non-nor-
mally distributed parameters (according to Shapiro-Wilk’s test), 
are presented as median and a (quartile 1 – quartile 3) range.

Survival rates in both investigated groups (enucleated 
patients and those who underwent stereotactic surgery) were 
estimated with unconditional Kaplan-Meier survival method. 
Continuous baseline characteristics, which were assumed 
to influence survival, were tested for differences between
the groups with unpaired t-test. The association of selected
explanatory variables with the endpoint (death) was assessed 
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using logistic regression. The relationship between survival
and selected predictors was afterwards examined by Cox’s
regression model with included baseline covariates.

Our statistical significance reporting criterion for differ-
ences between relevant data sets was p < 0.05.

Results are presented as respective survival plots with es-
timated survival probability and/or the relative hazard with 
95% confidence intervals. (A note: The treatment groups could
not be characterized by median survival times due to the low 
frequencies /insufficient number of endpoints/events.)

All statistical analyses were performed with StatsDirect� 
2.7.6 software (StatsDirect Ltd., Cheshire, UK).

Results

In the period 2001 – 2008 a total number of 84 patients with 
intermediate or large uveal melanoma were treated with either 
radical surgical removal of the whole eye-globe (enucleation), 
or SRS. In a group of 40 patients who underwent SRS there 
were 22 male and 18 female – the total median age was 55 years; 
the median age of female was 54 years and 58 years of male. 
In a group of 44 patients with enucleated eyes the median age 
was 68,5. In the group there were 21 male (median age 64), 
and 23 female (median age 73). The median tumor volume in
group of stereotactic patients was 0,65 cm3 (0,4-0,8), in group 
of enucleated patients 1,1 cm3 (0,8-1,25).

Five patients treated in the first step with SRS required
subsequent enucleation due to the complications – second-
ary neovascular glaucoma. Three patients of this subgroup
underwent pars plana vitrectomy with endoresection of the 
tumors plus silicon oil, but the enucleation was necessary due 
to the complication – relapse of the tumor.

Histopathologically in the group of enucleated eyes after
SRS due to complications in four patients malignant melanoma 
of the mixed cell type, in two cases an epitheloid type, and in 
one case a spindle-cell type A was confirmed.

In the group of primary enucleated eyes, there were four 
findings of an epitheloid-cell type, one case of a nodular type,
as well as 10 cases of both, a mixed-cell type and 29 cases of 
a spindle-cell type (A or B) melanoma.

One patient with other distant metastasis (skin type in one 
case) was assigned to systemic therapy. 

The period of follow-up ranged from 1 month to 7 years
with medians 34 months in the stereotactic group and 29 
months in the group of primarily enucleated patients.

Results on the differences between unconditional sur-
vival rates (not shown) in both investigated groups showed 
a significantly increased mortality in the group of enucleated
patients (P=0.0498; generalized Wilcoxon test). However, 
the Kaplan-Meier survival distribution estimator is not ap-
propriate descriptive device for this study, since it involves 
non-homogeneous populations of patients with respect to 
age and stage of the disease expressed as tumor volume (P 
= 0.0007 and P < 0.0001, respectively). The age and tumor vol-
ume are important explanatory variables (termed covariates) 

that are assumed to be associated with survival and need to 
be incorporated in the model (5). Results on logistic regres-
sion confirmed significance of the model with the predictors
age and tumor volume (P = 0.01). The tumor volume was
a significant unique predictor (P = 0.035); age with its bor-
derline probability value of 0.1 could be assumed as possibly 
associated with the outcome. The estimator of survival rates
adjusted for these predictors was constructed based on Cox’s 
regression model which examines the relationship between 
survival and both predictors (Fig. 1). Multicolinearity of the 
predictors was not confirmed. Proportionality assumption was
tested by the Kaplan-Meier plot of the survival functions for 
each group (Log survival probability-log survival time plot), 
which has demonstrated that they were approximately parallel 
(they did not cross each other). 

From the Cox‘s regression (Tab. 1) it follows that the risk 
of death among patients treated with enucleation relative to 
those treated with stereotaxy after adjustment for baseline
characteristics of patients, age, and tumor volumes was not 

Table 1: Cox (proportional hazards) regression

Variable Coefficient
(β)

Standard 
Error

P  
Value

Risk  
Ratio 95% CI

Age 0.273 0.025 0.724 1.040 0.991  to  1.092
Volume 0.039 0.773 0.113 1.314 0.289  to  5.979

Deviance (likelihood ratio) chi-square = 2.808; df = 2; P = 0.246

 Fig.1. Estimated survival curves for patients treated with enucleation 
(identifier 2) or stereotactic surgery (identifier 1) based on the Cox model
in Table 1. Censorship is marked with vertical tics and observed event times 
with circles for enucleation and squares for stereotaxy groups.
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significant [1.82] (95% CI, 0.46 to 7.30; P = 0.396). Estimated
overall five-year overall survival rate (S) for patients with
posterior uveal melanoma 72% (SE(S) = 0.08).

A test of the overall statistical significance of the model
adjusted for age and tumor volume is given by the likelihood 
chi-square statistic and yields a P value of P = 0.140. 

Among the baseline covariates evaluated, only age affected
the prognosis for survival to a statistically important, however 
not significant degree (P = 0.095).

Discussion

In the last three decades, the management of patients 
with uveal melanoma has changed towards globe sparing 
techniques. Alternatives to the radical enucleation vary 
from a single observation to transpupillary thermotherapy, 
block-excision, endoresection with pars plana vitrectomy, 
brachytherapy using a variety of radioisotopes, external beam 
radiotherapy with fractionated charged particles, and stere-
otactic radiosurgery, or the methods can be combined. SRS 
has recently been proposed as an alternative treatment for 
posterior uveal melanoma.

The therapy for each patient should be chosen in accordance
with the general status of the patient and with the local find-
ings, stage and character of the tumor [2]. The Collaborative
Ocular Melanoma Study (COMS), a multicentre national trial, 
is intended to provide long- term data on the natural history 
as well as therapeutic intervention. This large, prospective,
randomized trial was designed to compare mortality figures
for medium-sized melanomas treated by brachytherapy or 
enucleation [3]. The results were not able to show the differ-
ence in mortality rates between the two treatment groups 
after a maximum of 12 years of follow-up (COMS 2001a). The
study was set up in 1985 before introducing the stereotactic 
radiosurgery in the treatment of uveal melanoma. 

The first survival analysis comparing enucleation with
stereotactic radiosurgery was published in 2003 [6]. According 
to this study treatment by either enucleation or SRS does not 
appear to influence the development of metastases in patients
with uveal melanoma. Our results are similar to the outcome of 
previously published choroidal melanoma survival studies.

SRS is a relatively new method, so there is a need for mul-
ticentre trials to compare the outcomes following stereotactic 
radiosurgery with enucleation. However, until now, no study 
has been performed in this topic. Studies comparing survival 
rates following enucleation versus newer treatment modalities, 
including SRS, suggested similar rates for comparable lesions 
[6, 9] and because reported local tumor control rate following 
SRS appear comparable, we offer SRS to patients who would
otherwise require enucleation.

It is important to realize that the power of a test to compare 
survival in two or more groups is related not to the total sample 
size but to the number of events of interest (such as deaths in 
this case). In other words, the survival tests perform better 
when the censoring is not too heavy, and, in particular, when 

the pattern of censoring is similar across the different groups.
High number of right-censored data (from those patients who 
still were alive at the end of observation, or dropped out of the 
study for various reasons other than death prior to its termina-
tion) could affect the reliability of the results. Thus, the heavy
censoring might complicate the estimation of the survival 
model, because it decreases the equivalent number of subjects 
exposed (at risk) at later times, reducing the effective sample
sizes. Moreover, small sample sizes may further increase the 
effect of the assumption violation. It is not reasonable, however,
to drop the selected explanatory variable(s) from the model, 
since there are “real world” reasons why these particular vari-
ables should remain in the final model [6, 7].

The incidence of intraocular tumors varies from 0.2 to
1.0. The recorded data from Slovak regions correspond to
the values reported from other regions [8]. Malignant uveal 
melanoma is the most common intraocular tumor in adults; 
over 95 per cent of all intraocular tumors. In the countries like 
Slovakia, where the whole population is slightly above 5.5 mil-
lion inhabitants, the number of new cases diagnosed per year 
varies from 10 to 25 uveal melanoma as issued by the National 
Oncology Register, that is the reason why the number of cases 
in our cohort, which included all the diagnosed melanoma in 
the period under study, is not sufficient and has an impact on
the reliability of the result.

In the study by Cohen et al [6], the 5-year cumulative me-
tastasis-free survival rate was 51% in the enucleation-treatment 
group compared to 74% in the group treated with stereotaxy. 
However, in the multivariate analysis there was found no statis-
tical difference in the survival rates between the two treatment
groups. The only variables that influenced survival rates were
tumor location (p=0.002), ciliary body tumors with the worst 
prognosis, and tumor volume (p=0.001).

In our groups investigated, survival analysis adjusted for 
predictors showed that the group of patients after stereotactic
radiosurgery had the same outcome as the group of patients 
treated with radical surgery. Based on our analysis, we assume 
that the survival prognosis is essentially determined by the 
character of the tumor in association to the status of the patient. 
Clinically, the most important factors that affect the metastatic
process are the localization and size (volume) of the lesion.

There has been performed no multicentre trial to assess
dosimetry, safety and efficacy of SRS, or to evaluate outcomes
of gamma knife radiosurgery for melanoma yet, but data from 
several reported case series suggest that SRS can have similar 
local tumor control rate, metastasis rate, mortality rate and 
complications rate when compared to brachytherapy [13, 14, 
15, 16, 17, 18]. Recent studies have suggested that gamma knife 
radiosurgery and SRS may be an appropriate alternative for 
treating uveal melanoma in those patients, in whom lesions 
are ineligible for conventional brachytherapy [19, 20, 21]. The
findings in the series suggest a role of SRS in the treatment of
selected cases of uveal melanoma.

In conclusion, treatment by either primary enucleation or 
SRS according to our results does not appear to influence the
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development of metastases in patients with uveal melanoma; 
the survival prognosis is essentially determined by the stage 
and character of the tumor.

No survival difference attributable to stereotactic irradiation
or radical surgical attitude – enucleation of uveal melanoma 
has been demonstrated in this retrospective study. A small 
difference is possible, but a clinically meaningful difference
in mortality rates, whether from all causes or from metastatic 
melanoma, is unlikely.

SRS is a non-invasive alternative to enucleation in the treat-
ment of uveal melanoma with a high tumor control.
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