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Abstract

Purpose: The aim of the study was an evaluation of I-125 brachytherapy patients with uveal melanoma with special
consideration for the relationship of the treatment results and the irradiation dose applied to the tumor apex.

Material and methods: Medical records of 344 adults with uveal melanoma treated with I-125 brachytherapy in
the Department of Ophthalmology and Ocular Oncology of the Jagiellonian University, Medical College in Cracow,
Poland were retrospectively analyzed. The study was conducted between 2003 and 2012, and the study group was
divided into two subgroups depending on the irradiation dose applied to the top of the tumor: 80 Gy to 100 Gy
(n =177) and 100 Gy to 120 Gy (n = 167).

Results: It was found that the height of the tumor and the largest diameter of the tumor base decreased with every
consecutive follow-up measurement and differed significantly in all comparisons (p < 0.0001). No significant correlation
between frequency of complications was found between both study groups (y?=0.27; p = 0.6067). The correlation between
survival and the irradiation dose as applied to the tumor top was statistically irrelevant (x> = 0.44; p = 0.5084). A logistic
regression model showed that patient survival depended on the largest diameter of the base and the height of tumor
(p = 0.0216), and the risk of death was larger as these dimensions increased (IR, 1.17). An increase of the largest diameter

of the base by 1 mm meant a 17% increase in chances of death. In 13.4% of cases, an enucleation was necessary.
Conclusions: The treatment of choroidal melanomas with 1-125 iodine isotope brachytherapy is an efficient and
recommended method of treatment and in many cases, an alternative to the enucleation of an eyeball.
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Purpose

Uveal melanoma is the most frequent primary in-
tra-orbital cancer in adults [1,2]. This tumor develops
from melanocytes of the iris, ciliary body, or choroid,
which, as a result of genetic mutation, undergo neo-
plastic transformation [3]. The annual prevalence of this
neoplasm is estimated to be 7-8 per 1,000,000 persons of
Caucasian race [4]. Till now, data for Poland have not
been processed but it is estimated that each year there are
200-300 new cases of uveal melanoma in Poland [5]. In-
tra-orbital melanomas are most frequently unilateral.
In 85%, they develop in the choroid, in 9% in the ciliary
body, and in 6% in the iris [6,7].

A five-year mortality rate in case of large uveal mela-
nomas is 53 %, medium size 32%, and 16% in case of small
tumors [8]. Uveal melanoma-related mortality is 31% by

5 years, 45% by 15 years, 49% by 25 years, and 52% by
35 years [9].

Risk factors affecting mortality include largest tumor
dimension at the moment of diagnosis, tumor increase,
loop-type vasculature, patient’s age, tumor location (at
the optic disc and/or the macula, close to vasculature,
involvement of the ciliary body), epithelioid type, and
extra-orbital proliferation [10]. Additionally, a genetic
profile - chromosome 3 monosomy in the tumor cells, the
aberrations of chromosomes 1, 3, 6, and 8 as well as mu-
tation in GNAQ/GNA11 genes in connection with BAP1
mutation worsen the prognoses [11]. Up till now, there
is no effective method of treating the metastases of uveal
melanoma. Available methods, such as surgical resection
(most efficient in case of individual foci located most fre-
quently in the liver), liver chemoembolization, chemo-
therapy, and biological treatment may only prolong the
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survival [12,13,14,15,16,17,18,19]. For this reason, an early
diagnosis of intra-orbital melanoma and the introduction
of an appropriate local treatment is extremely important.

Local treatment methods comprise radiotherapy (tele-
radiotherapy and brachytherapy), surgery (enucleation,
endo-, and exo-resection), transpupillary thermotherapy
(TTT), and combined treatment of these methods [20,21].

As a result of the study carried out by the Collabo-
rative Ocular Melanoma Study (COMS) group, which
confirmed the same mortality rate of medium sized tu-
mors brachytherapy and the enucleation of the eyeball
(in compliance with recommendations concerning the
size of the tumor), the most frequent and current meth-
od of treating uveal melanomas is radiotherapy [21]. Two
methods of irradiation are applied: proton beam radio-
therapy and brachytherapy. For brachytherapy, radioac-
tive radionuclides of ruthenium (Ru-106), iodine (I-125),
palladium (Pd-103), and iridium (Ir-192) are used [22]. In
case of tumors with a size (height) larger than 5 mm, 1-125
brachytherapy is most frequently used [23].

A radioactive iodine radionuclide emits gamma ra-
diation, which is more penetrating than beta particle
from ruthenium plaque and may be applied to tumors
with a larger size. I-125 applicators have been applied in
the Department of Ophthalmology and Ocular Oncol-
ogy of the Jagiellonian University, Medical College in
Cracow, Poland since 1997. The irradiation time is cal-
culated with the plaque simulator system, which takes
into consideration the tumor size (the size of the base
and the height), the dose applied to the top of the tumor,
and plaque activity. The recommended therapeutic dose
for the top of the tumor varies between 80 and 120 Gy.
However currently, the majority of authors favor the
doses calculated for the top of the tumor within the
range of 80-85 Gy [23,24].

The objective of the study was to evaluate outcomes
of I-125 brachytherapy treatment of patients with uveal
melanoma, taking into account the relationship between
results and the dose applied to the tumor apex [25,26,27].

Material and methods

The study included patients with uveal melanoma
treated with I-125 brachytherapy at the Department of
Ophthalmology and Ocular Oncology of the Jagiellonian
University, Medical College in Cracow, Poland between
2003 and 2012. The study included 344 subjects: 177 wom-
en (51.45% of the study group) and 167 men (48.55%). The
mean age of the subjects was 60 £14 years (ranging from
24 to 89 years). The characteristics of the study group,
taking into account the gender, eye involved, the location
of the anterior and posterior segment, tumor shape and
color, TNM stage and the treatment type (only I-125 or
I-125 in combination with transpupillary thermothera-
py), and the dose applied to the apex of the tumor are
presented in Table 1. The observation period varied from
3 to 144 months (medium, 53 months).

The study group was divided into two groups, with
respect to the irradiation dose applied to the top of the
tumor. The first group comprised of subjects with doses
varied from 80 Gy to 100 Gy (n = 177; 51.45% of the study

group). The second group included patients with doses
ranging from above 100 Gy to 120 Gy (n = 167; 48.55%).
The division was made on the basis of similar number
of group participants, which was important for statistical
analysis. At the same time, the selected doses remained
within the therapeutic range.

For both groups, the application time in hours was
evaluated, as displayed in Table 2. We wanted to verify
whether application times were comparable. If they were
significantly different, it would influence further analysis.

The next step of the analysis was the verification of
whether the average application period vary in both
study groups in a statistically significant manner. Given
the character of the data (the distribution, which signifi-
cantly varies from the normal delivery), the Mann-Whit-
ney U test was used for the comparison.

Also, the maximum tumor height without the wall
and the largest diameter of the tumor base in millimeters
were determined. The tumor regression was established
on the basis of comparison of obtained values describing
the tumor measurement in three repeated procedures,
taking into consideration irradiation dose applied to the
top of the tumor. The zero hypothesis assuming the ab-
sence of any significant difference between the size of tu-
mor for the comparable time points was verified with the
Friedman test. In case of a rejection of the zero hypothe-
sis, differences between specific measurements were ver-
ified with the Dunn test. Special attention was paid to the
differences occurring after the first year of treatment.

The correlation between survival and the dose ap-
plied to the top of the tumor was analyzed and then veri-
fied with the Chi-square test.

Moreover, the frequency and type of complications
divided into two groups by the irradiation doses applied
to the top of the tumor were evaluated.

Patients in whose it was necessary to remove the entire
eyeball within the second treatment line were evaluated
according to the histopathology type of the melanoma.

The logistic regression model was verifying which of
the analyzed factors (the largest base, shape, and color
of the tumor) may have the biggest effect on patient sur-
vival. The study group (n = 344) was divided into two
subgroups: the patients who survived (n = 264) and those
who died (n = 58). In 22 cases, no information whether the
patient was alive or not were available. These data were
not included in the further analysis.

Metastases in a study group were evaluated with re-
gards to the frequency of occurrence and the location.
Statistical analysis was performed with the use of Statis-
tica v.10 StatSoft Polska software. In all calculations, the
assumed level of statistical significance was a = 0.05. In
the research, for quantitative variables, the basic statistics
were calculated such as the mean, standard deviation,
median, interquartile range, minimum, and maximum
values. For the verification of the distribution normality,
the Shapiro-Wilk test was used. In order to compare two
independent groups characterized by distributions that
were not normal, the Mann-Whitney test was applied.
For the comparison of the three dependent groups, the
Friedman analysis of variance by ranks was used. In case
when obtained p value allowed for questioning the null
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Table 1. A division of the number of subjects with the percentage share in the group, taking into account:
tumor location, tumor shape and color, type of treatment applied, and the dose

Study group, N = 344

Study group, N = 344

n % n %
Eye 3 1-2 dd from the disc 51 14.83
1  Right 152 44.19 4 < 1dd from the macula 28 8.14
2 Left 192 55.81 5 1-2 dd from the macula 62 18.02
Location 6 Macula 68 19.77
1 Top 50 14.53 7 From equator to the back 75 21.80
2 Temporal area —top 52 15.12 8  Equator to the limbus 8 233
3 Nasal area—top 26 7.56 9  Ciliary body 0.00
4 Temple 80 23.26 No data 1 0.29
5 Nose 20 5.81 Shape
6 Bottom 52 15.12 1 Dome-shaped 215 62.50
7 Temporal area — bottom 33 9.59 2 Mushroom-shaped 129 37.50
8 Nasal area — bottom 30 8.72 3 Flat 0 0.00
No data 1 0.29 Colour
The location of the anterior margin of the tumor 1 Brown 92 26.74
1 Disc 0 0.00 2 Medium-colored 174 50.58
2 < 1dd from the disc 0 0.00 3 Amelanotic 78 22.67
3 1-2 dd from the disc 0 0.00 TNM
4 < 1ddfromthe macula 0 0.00 T1 3 0.90
5 1-2 dd from the macula 0 0.00 T2 78 25.10
6  Macula 0 0.00 T3 235 68.50
7 From equator to the back 142 41.28 T4 19 550
8  Equator to the limbus 79 22.97 Treatment
9  Ciliary body 117 34.01 1 11125 brachytherapy 334 97.09
10 lris 5 1.45 2 |-125 brachytherapy + 10 2.91
No data 1 0.29 transpupillary thermotherapy
The location of the posterior margin of the tumor Dose for the tumor top
1 Disc 25 7.27 From 80 Gy to 100 Gy 177 51.45
2 < 1dd from the disc 26 7.56 Above 100 Gy to 120 Gy 167 48.55
Table 2. Basic statistics defining the exposure time in hours
Application time — hours
Irradiation dose to the tumor Mean SD Median Min Max IQR
top
80 Gy to 100 Gy 82.01 35.24 72.00 24.50 193.60 51.50-98.50
Above 100 Gy to 120 Gy 82.03 33.54 69.50 28.50 171.00 66.00-95.65
hypothesis, which assumed the equality of median values  Results

of studied property in consecutive measurements, addi-
tional post-hoc tests for Friedman test were performed,
with the use of Dunn test. In such a way, it was explained
which groups differed from each other. For verification
of correlations between studied variables, the Chi-square
test or the accurate Fischer test were performed.

Authors declare that this investigation was carried
out following the rules of the Declaration of Helsinki
from 1975 (revised in 2008).

The irradiation exposure period for both dose

groups

In the analysis of the application time for both groups,
the obtained value was p = 0.3787 (U = 0.88), which did
not point to the presence of statistically significant differ-
ences between the application time in the group of sub-
jects with doses ranging from 80 to 100 Gy and the group
with doses from 100 to 120 Gy (Table 2).
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The height and the largest diameter of the tumor
base for both dose groups

The evaluation of the height and the largest diameter
of the tumor base, performed in three time points: before
the treatment, after the first year of treatment, and at the
last follow-up visit, showed that the tumor size was not
the same within the studied time period.

The comparison of the values p < 0.0001 obtained
within Friedman test, with the significance level a = 0.05
allowed to conclude that the tumor size differed signifi-
cantly in all the studied comparisons: 1. The size before
the treatment and the size after the first year of treatment
(p < 0.0001); 2. The size before the treatment and the size
at the last follow-up visit (p < 0.0001); 3. The size after the
first year of treatment and the size at the last follow-up
visit (p < 0.0001).

The tumor size was smaller with every consecutive
measurement. This conclusion applied both to the maxi-
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mum tumor height without the wall and the largest base
diameter, taking into account the irradiation dose calcu-
lated per the tumor top for both groups (lower and higher
dose). The obtained data are presented in Figures 1 and 2.

Detailed data concerning the treatment efficiency
showed that after one year of treatment, tumor regres-
sion was observed in 89.83% patients, in 8.43% a recur-
rence was diagnosed, in 0.58% there was no reaction to
the treatment and in 1.16%, no data were available with
regards to the fact that patients failed to turn up for fol-
low-up visit (Figure 3).

Additionally, tumor condition after one year of treat-
ment was presented, divided into the doses applied to the
tumor top. The results are presented in Table 3. Consid-
ering the expected values and the observed values, the
correlation between tumor condition after the first year
(regression/recurrence/no reaction) and the irradia-
tion dose applied to the tumor top was verified with the
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Fig. 1. Maximum tumor height without the wall measured in three time-points: for the patient groups with the irradiation dose
applied to the tumor top from 80 to 100 Gy (A) and from above 100 to 120 Gy (B) (ANOVA FRIEDMAN RANK test; p < 0.0001)
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Fig. 2. The largest size of the tumor base measured in three time points for the groups of patients from 80 to 100 Gy (A) and
from above 100 Gy to 120 Gy (B) (ANOVA FRIEDMAN RANK test; p < 0.0001)
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Fig. 3. The choroidal melanoma regression after 1-125
brachytherapy: before (A), after 1 year (B), and after
7 years (C) of treatment

Table 3. The tumor condition in the first year of treatment in general and divided into subgroups with respect

to the dose applied to the top of tumor

Tumour condition Entire group

80 Gy to 100 Gy Above 100 to 120 Gy

n (%] (%] n (%]
Regression 309 89.83 163 92.09 146 87.43
Recurrence 29 8.43 11 6.21 18 10.78
No reaction 2 0.58 0.56 1 0.60
No data 4 1.16 1.13 2 1.20

Fischer’s exact test. The obtained value p = 0.2523 did not
prove to reject the zero hypothesis of no correlation be-
tween the studied variables. In the first year, regression
was observed in 92% of cases in the group with a dose
from 80 Gy to 100 Gy and 87% in the group with a dose
from 100 Gy to 120 Gy.

Complications for both dose groups

The frequency of complications was evaluated with re-
spect to both groups analyzed. In case of patients with the
irradiation dose applied to the tumor top from 80 Gy to
100 Gy (n = 177), complications were found in 170 subjects
(95.05% of the study group). Only 7 persons (3.95%) did not
report any treatment-related complications. In the patient

group with irradiation dose from 100 Gy to 120 Gy (n =167),
complications were observed in 163 subjects (97.60% of the
study group). Only 4 persons (2.40%) did not report any
treatment-related complications. The Chi-square test with
the Yates correction was used to verify whether there was
any correlation between the occurrence of complications
and the irradiation dose applied to the tumor top. The ob-
tained results (x? = 0.27; p = 0.6067) did not reveal the pres-
ence of the suspected correlation. It was worth pointing out
that the group of patients with complications (1 = 333) was
much larger than the group of patients without complica-
tions (n = 11), which significantly affected obtained results.
Table 4 presents the types of complications and their
numbers as compared to the dose applied to the tumor
top. In many patients, there were numerous complications
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Table 4. Analysis of the complications in the groups of doses applied to the tumor top: from 80 Gy to 100 Gy

and above 100 Gy to 120 Gy

Irradiation dose applied to the tumor top:

From 80 to 100 Gy (n = 177)

Above 100 to 120 Gy (n = 167)

Existing complications n [%] n [%]
Rubeosis of the iris 42 10.88 46 12.14
Secondary glaucoma 53 13.73 57 15.04
Cataract 155 40.16 154 40.63
Maculopathy 8 2.07 4 1.06
Neuropathy 14 3.63 12 3.17
Retinopathy 48 12.44 37 9.76
Hemophthalmias 24 6.22 19 5.01
Retinal detachment 13 3.37 13 343
Scleromalacia 2 0.52 3 0.79
Posterior adhesions 27 6.99 34 8.97
Total 386 100 379 100

(more than 1); the amount of the complications reported
was higher than the number of patients in the study.

The most frequently occurring complication in both
patient groups analyzed was cataracts (more than 40% of
existing complications), with secondary glaucoma as the
another most frequent complication. Scleromalacia was
the least frequently occurring complication (less than 1%
in both dose groups).

Removal of the eyeball (enucleation) as the next
(the second) line of treatment depending on the
irradiation dose applied to the tumor apex during
primary brachytherapy

In case of 46 patients (13.37% of the study group), it
was necessary to remove an eyeball. In 15 cases, this was
the outcome of the recurrence of the tumor, and in 31 cas-
es it was caused by complications and resulting pain.
Among removed eyeballs, a mixed type of melanoma was
dominating (41.30%), followed by epithelioid (23.90%),
necrotic (17.40%), and spindle-cell type (13.00%), whilst
in 4.40% of cases no data were available.

The mixed type (60.00%) was dominating among
15 removed eyeballs due to local recurrence, followed by
epithelioid (20.00%), and necrotic (20.00%).

The results of the Chi-square test (x> = 0.08; p = 0.7463)
did not show any correlation between the occurrence of
enucleation as the second line treatment and the irradiation
dose applied to the tumor top during the primary treatment.

Evaluation of the occurrence of distant
metastases and the analysis of their location for
both dose groups

Metastases occurred in 29 subjects, making up 8.43%
of the study group. In case of 10 patients (2.91%), no data
were available. The next study step was to evaluate the
location of the metastases. Data concerning the location

of the distant metastases in 29 patients are presented in
Table 5.

The category of “other” includes one patient, in whose
case metastases were observed in femur. Three patients,
apart from metastases in the liver, also had metastases lo-
cated in the adrenal glands (1 person), lungs (1 person),
and minor pelvis (1 person). The distant metastases of
melanoma were most frequently located in the liver.

Additionally, the occurrence of metastases was divid-
ed depending on the irradiation dose applied to the tumor
top. The numbers of percentages are presented in Table 6.
The results of the Chi-square test (x>= 0.09; p = 0.7675) did
not show any correlation between the occurrence of metas-
tases and irradiation dose applied to the tumor top.

Survival depending on the irradiation dose
applied to the tumor apex

The Chi-square test was used to verify the existence of
some correlations between survival and irradiation dose
applied to the tumor top. The obtained results (x* = 0.44;
p = 0.5084) did not show any existence of suspected cor-
relations (Table 7).

The constructed model of logistic regression allowed
to draw the following conclusions:

1. Patient survival significantly depends on the size
of the largest diameter of the tumor base (p = 0.0216);

Table 5. The location of the metastases in pa-
tients (n = 29)

Metastases location n [%]

Liver 24 82.76
Lung 1 3.45
Liver + other locations 3 10.34
Other locations 1 3.45
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Table 6. The occurrence of metastases in the study group (n = 344) and divided into 2 subgroups depending

on the dose applied to the tumor top

Metastases Whole group of patients 80 Gy to 100 Gy Above 100 to 120 Gy
n [%] n [%] n [%]

Absent 305 88.66 156 88.14 149 89.22

Present 29 8.43 14 7.91 15 8.98

No data 10 291 7 3.95 3 1.80
Table 7. Patient survival with respect to the irradiation dose applied to the tumor top

Dose 80 Gy to 100 Gy Above 100 Gy to 120 Gy

Condition n [%] n [%]

Patient is alive 133 75.14 131 78.44

Death 32 18.08 26 15.57

No data 12 6.78 10 5.99

Table 8. Survival depending on the largest base diameter, tumors shape, and color

Evaluation Statistic error. ¥? Wald p value Odds ratio (OR)  95% ClI for OR
Constant term —4.13 1.35 9.32 0.0023 0.02 0.001-0.23
Maximum tumor base 0.16 0.07 5.28 0.0216 1.17 1.02-1.34
Tumor shape 0.60 0.33 3.32 0.0683 1.82 0.95-3.46
Tumor color -0.30 0.21 1.95 0.1625 0.74 0.49-1.13

2. The risk of death is higher with an increase of the size
of the diameter (odds ratio, 1.17); 3. With an increase in
the largest diameter of the tumor base by 1 mm, the prob-
ability of death increases by 17%; 4. No significant influ-
ence of the tumor shape and color on the occurrence of
death was found.

The analysis revealed that the constructed model
was statistically significant, which was evidenced by the
result of the likelihood ratio test (x> = 8.49; p = 0.0369).
A sufficient quality of model fitting was confirmed by the
result of the Hosmer-Lemeshow test (p = 0.2314). All data
are presented in Table 8.

Given the fact that the largest diameter of the tumor
base and its height were correlated with each other, only
the tumor base was included in the logistic regression
model. The calculated Spearman’s rank correlation coeffi-
cient was r = 0.15, which signifies a very weak correlation,
yet was still statistically significant (p = 0.0066); therefore,
the authors decided to include only the largest tumor di-
ameter into the logistic regression model.

Discussion

In 2006, after COMS revealed the results of medi-
um-sized uveal melanomas treatment, consisting of irradi-
ation with the I-125 radionuclide as opposed to the remov-
al of an eyeball (pointing to the same length of patients’
survival in both groups), a conservative treatment with
brachytherapy became the treatment standard [21,24].

Since 1968, patients in our Department have been
treated with Co-60 and currently, two types of radionu-
clide plaques have been used. The first one has contains
ruthenium (Ru-106), used since 1996, and the second
includes iodine (I-125), since 1997. The applicators con-
taining 1-125 are used in cases of tumors where height is
equal to or larger than 5 mm, but not larger than 10 mm,
with a base diameter not larger than 18 mm. So far, there
have been more than 1,900 patients treated with iodine
brachytherapy. This was the reason why the authors de-
cided to analyze the results of 10-year treatment period
using I-125, with special attention paid to irradiation dose
applied to the tumor top. The patients were divided into
two groups: one group receiving dose from 80 to 100 Gy
to the top of the tumor and the other from above 100 to
120 Gy. The application time period was comparable in
both groups (p = 0.3787) and medium was 82.01 hours
for the group from 80 to 100 Gy, and medium 82.03 hours
for the group above 100 to 120 Gy. These time periods are
compliant with the recommendations of COMS and the
American Brachytherapy Society [21,23].

In the current study, the analyzed decrease in height
of tumor and the largest diameter of the tumor base in
three time-points: before treatment, after one year of
treatment, and at the last follow-up visit showed that the
size of tumor was not the same within the analyzed time
period and that these size differences were statistically
significant (p < 0.0001) in all cases. In the selected two
dose groups, in a significant majority of cases, the tumor
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height measured (not considering the eyeball wall) as
well as the largest tumor diameter decreased (p < 0.0001).
In the COMS studies carried out by Demirci et al. and
Garcia-Alvarez et al., the decrease of the size of the uveal
melanoma was on a similar level [24,25,28,29]. Addition-
ally, Demirci et al. observed that the tumor regression af-
ter the treatment of tumors with a larger baseline height
is larger than in the case of tumors with a smaller height,
especially in the initial observation period [28]. In our
study we also noticed a quicker diminishing of the tumor
height in the initial period of the observation.

Similarly, in the evaluation of the influence of the dose
applied to the height of tumor and tumor condition in
categories such as regression, recurrence, and lack of any
reaction, during the first year of treatment, no statistical
difference was observed in both our study groups with
irradiation doses from 80 Gy to 100 Gy and from 100 Gy
to 120 Gy (Fischer’s exact test, p = 0.2523). The regression
was observed in 92% and 87% cases, respectively. Rashid
et al. when creating regression models of uveal melano-
mas after brachytherapy: Ru-106 median apex dose was
102 Gy (range, 62-194 Gy), and I-125 median apex dose
was 80 Gy (range, 49-164 Gy), did not observe influence
of the level dose on tumor regression [30].

In the opinion of some authors, the increase of the
dose applied to the top of the tumor leads to an increase
of complications risk [22,25,31,32,33]. Among our pa-
tients, in the group with an irradiation dose from 80 Gy
to 100 Gy (n = 177), complications were diagnosed in
170 cases (95.05% of the study group) and, in the
group with the irradiation dose from 100 Gy to 120 Gy
(n =167), complications occurred in 163 of cases (97.60%
of the study group). Only 4 patients (2.40%) from the first
group and 7 patients (3.95%) from the second did nothave
any treatment-related complications. In the first group,
the number of post-irradiation complications was lower
than in the second group. The obtained results (x? = 0.27;
p = 0.6067) did not reveal the presence of suspected cor-
relations. It was worth pointing out that the group of pa-
tients with complications (1 = 333) was much larger than
the group of patients without complications (n = 11),
which significantly affected the results obtained. Hence,
a lack of significant relation between the increase in the
level of dose and the increase in the number of compli-
cations in our study can be concluded. The complica-
tions occurring after 1-125 brachytherapy are frequent
and their number increases with the follow-up period.
The results, which we obtained are comparable with ob-
servations of other authors and COMS [31,32,33]. The
results obtained in specific centers may differ and they
depend on the location of the applicator (e.g., paracen-
tral in order to spare the disc or the macula), and also
on possibility of designing the system of sources in the
applicator as well as on selection of its individual shape
and size for a patient, which decreases the number of
complications [34]. A significant factor, which affects
a decrease in the number of complications and presence
of local recurrence is the intraoperative, ultrasound con-
firmation of the location of the applicator in tumor base
[35,36,37].

In the opinion of the American Brachytherapy Society
and COMS protocol, in I-125 brachytherapy, the recom-
mended irradiation dose of 85 Gy applied to the top of
tumor is efficient and gives the least number of compli-
cations [23,24].

In our study, metastases were found in 29 patients
(8.43% of the study group), whilst in case of 10 patients
(2.91%), no data were available. No statistically signifi-
cant difference in the frequency of metastases in the two
studied groups were observed. Wagner et al., on the basis
of analysis of 88 cases found that small doses applied to
the tumor top are connected with a larger risk of distant
metastases [26]. In our study, the smallest irradiation
dose applied to the tumor top was 80 Gy, which fits into
the recommended therapeutic scopes, whilst an increase
of this dose (even to 120 Gy) did not have any influ-
ence on occurrence. These differences could result from
a smaller number of analyzed patient’s group, and this
group mainly involved patients with low-stage of disease
(T1a to T2a, cover 80%) in Wagner et al.’s study, which
influences the obtained outcomes.

A local recurrence of melanoma occurred in 8.43% of
patients after 1-year of treatment. Enucleation of the eye
for this reason was performed in 4.5% cases. In 9.0% of
patients, enucleation was necessary with regards to the
pain resulting from post-irradiation complications. The
obtained results are comparable with those reported by
other authors [29,38]. Jampol et al. concluded that local
failures in treatment constitute the most frequent cause of
enucleation within the first 3 years of treatment, where-
as after 3 years, the complications are the most common
reason. Additionally, the risk of the eyeball removal
within 5 years is 12.5%, and risk of recurrence is 10.3%. In
the opinion of COMS, the probability of recurrence and
enucleation after the treatment with I-125 is low but it is
connected with poorer prognosis [31]. The meta-analysis
performed by Chang et al. of 49 articles (12,524 patients)
showed that the risk of local recurrence in treatment with
[-125 varies between 4.0% and 9.6% [37].

With the current stage of knowledge, the analysis of
the factors affecting the treatment of uveal melanoma
with brachytherapy must also include genetic factors.
Shields et al. showed that the tumor regression (between
12 and 15 months after the treatment) is faster in the mel-
anoma with monosomy of chromosome 3, than in case
of a disomy [39]. Similar conclusions were drawn by
Marathe et al. [40].

The Chi-square test was used to verify the existence
of correlation between survival and the dose applied to
the top of tumor. The results (x?= 0.44; p = 0.5084) did not
prove the existence of studied correlation. Wagner et al.
in their work observed that small doses applied to the tu-
mor top lead to a large risk of metastases, which is related
to a lower survival rate. In the above study, the average
dose applied to the tumor top was 85.90 Gy (with the
scope ranging from 83.72 Gy to 147.20 Gy) [26]. In turn,
for Ru-106, the risk of local recurrence was not associated
with the prescribed doses during brachytherapy or time
of irradiation [41,42,43]. The local recurrence increas-
es the risk of metastasis by a hazard ratio (HR) of 6.28
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(95% CI: 4.4-8.9; p < 0.001) and it is associated with poor-
er survival [41,44]. The systematic review of fifteen ret-
rospective and prospective studies with I-125 treatment
demonstrated a 1.0 Gy increase in medium study dose
associated with a 0.14% decrease in local recurrence rate,
which was not statistically significant (p = 0.336). Ranges
of reported mean or median radiation dose to tumor apex
were 62.5-104.0 Gy. Local recurrence rates ranged from
0to 24% [27].

In the studied group of patients, the influence of the
height of tumor, the largest base diameter, the tumor
shape and color on the patient survival for both dose
group were also analyzed. A construction of the model of
logistic regression allowed to conclude that patient sur-
vival depends significantly on the size of the largest tu-
mors base diameter (p = 0.0216) and with its increase, the
risk of death is higher (odds ratio, 1.17), which means that
with an increase of the largest tumor base diameter by
1 mm, the probability of death is 17% greater; no statis-
tical difference was observed in both our study groups.
With regards to the fact that the largest tumor base di-
ameter and the tumor height were correlated with each
other, only the measurement of the tumor base was in-
cluded into the model of logistic regression (Spearman’s
rank correlation was r = 0.15), which means that this cor-
relation is statistically significant (p = 0.0066); therefore,
these conclusions may also apply to the height of tumor.

Conclusions regarding the significant influence of the
tumor base diameter on patients’ survival were also drawn
by the team of Damato et al. (p < 0.001) who analyzed the
tumors in three categories determined by the size of the
tumor base (< 10 mm, 10-15 mm, and > 15 mm) [10,45].
Shields et al. analyzed 8,033 eyeballs with the uveal mela-
noma and found that one of the most significant features
in the evaluation of the prognosis was the tumor dimen-
sions: both the largest base diameter and the tumor height.
Their findings were that an increase of the tumor height by
1 mm results in an increase of the probability of death by
6% (hazard ratio, 1.06) and that during a 10-year observa-
tion period, the risk of distant metastases of the primary
tumors with a thickness of 0-1.0 mm is 6%, whereas in case
of tumors with a size (height) above 10 mm, this risk in-
creases to 51% [7]. By competing risks regression analysis,
the hazard ratio in an increase of the probability of death
was 1.08 (p = 0.0012) for each millimeter increase in tumor
diameter in Kujala et al.’s study [9].

Conclusions

The treatment of choroidal melanomas with
brachytherapy with the 1-125 iodine radionuclide is an
efficient and recommended method of treatment, and
in many cases, an alternative to the enucleation of an
eyeball. In our study, no significant differences between
both dose groups (low 80-100 Gy and high 100-120 Gy) in
the influence of tumor regression, number of complica-
tions, metastasis appearing, number of removed eyeballs
(in a second line treatment), and patient survival were
found. Moreover, the biggest decrease in the tumor size
appeared in the first year after I-125 treatment. We rec-
ommend conducting further studies to evaluate the in-

fluence of 1-125 prescribed dose on the tumor apex and
the final treatment outcomes, taking into account other
prognostic factors. In our opinion, a randomized study
would be the best option.
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