RADIATION MACULOPATHY IN
PATIENTS WITH MALIGNANT
MELANOMA OF THE CORPUS
CILIARE AND CHOROIDEA
FOLLOWING ONE-DAY SESSION OF
STEREOTACTIC RADIOSURGERY

SUMMARY

Introduction: Nowadays radiotherapy is the standard treatment care for pati-
ents with uveal melanoma. In Slovakia the only one option is a one-day session
stereotactic radiosurgery at linear accelerator LINAC. Irradiation of surrounding
tissues of the eye and orbit causes radiation complications. One of the most se-
rious and vision-threatening is the radiation retinopathy, which divides into ma-
culopathy and peripheric retinopathy. The clinical signs include microanerysmes,
teleangiectases, hard exsudates, cotton wool spots and macular edema, neovas-
cularisation, and vitreous hemorrhage. Radiation macular edema can be classi-
fied by optical coherence tomography into cystoid or noncystoid edema. On fluo-
rescein angiography macular edema is divided into non-ischemic and ischemic,
while the latter means usually irreversible loss of the visual acuity. This paper is
focused on risk factors of radiation retinopathy although it strongly influences
functional result of radiotherapy and preservation of the visual acuity.

Purpose: By means of bivariate and multivariate analysis to determine the asso-
ciation of radiation dose and other variables with the development of radiation
maculopathy.

Material and methods: The retrospective analysis of 168 patients with ciliary
body or choroidal melanoma who performed one-day session stereotactic ra-
diosurgery on a linear accelerator LINAC in a period 2007-2016.

Results: The prevalence of the radiation maculopathy was 29% with the medi-
an time from the irradiation to maculopathy 16 months. Median radiation dose
on the macula was 37 Gy. Variables statistically significantly associated with the
maculopathy were: radiation dose (p = 0.0016), postequatorial location of the
tumor (p = 0.0271) and better visual acuity before treatment (p = 0.0007). The
tumor touch of the macula was strongly associated with the visual acuity in the
bivariate analysis (p = 0.0006), thus it could be omitted from the final model.
Discussion: The radiation dose on a macula is the key determinant for radiation-
-induced maculopathy, according to other authors and our study approvingly.
Other variables were related to proximity of the tumor to the macula, so the
radiation dose on the macula was higher indirectly. Better visual acuity before
treatment as a risk factor for maculopathy can be a consequence of: a) earlier
diagnostics of tumor with proximity to the posterior pole, b) lower enucleation
rate; frequency of the enucleation was 1.6 higher in patients without maculo-
pathy. Naturally, on enucleated eyes maculopathy was not diagnosed. Five pa-
tients underwent intravitreal application of the bevacizumab as a treatment of
the radiation maculopathy, without improvement of the visual acuity.
Conclusion: Radiation complications can be vision and eye threatening. Radi-
ation maculopathy is a consequence of higher radiation dose on the macula.
The treatment modalities of radiation maculopathy are rather ineffective.

Key words: uveal melanoma, one-day session stereotactic radiosurgery, radia-
tion maculopathy
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INTRODUCTION

The current trend in the treatment of malignant me-
lanoma of the uvea is radiotherapy, which by contrast
with radical surgical treatment (enucleation) enables
the preservation of the eyeball and sometimes even
preservation of central visual acuity to a certain degree.
With regard to the fact that the number of patients who
suffer from this disease is relatively low (approximately
30-50 newly diagnosed cases per year in Slovakia), the
treatment of this pathology is centralised. In Slovakia,
the only possibility is stereotactic radiosurgery on a LI-
NAC linear accelerator, which patients undergo at the
Oncological Institute of St. Elizabeth in Bratislava, in co-
-operation with the Department of Ophthalmology at
the Faculty of Medicine, Comenius University and RuZi-
nov University Hospital, Bratislava [4, 5].

In connection with radiation therapy, we encounter
adverse effects of irradiation on the surrounding tis-
sues. Erythema to desquamation of the skin may appe-
ar on the eyelids following irradiation, and loss of the
eyelashes and eyebrows may be either temporary or
permanent. After higher doses of radiation, there is a
danger of change of the position of the eyelids. Conjun-
ctivitis and chemosis of the conjunctiva are acute con-
sequences of radiation, while it is more difficult to man-
age chronic dry-eye syndrome following a loss of goblet
cells. After radiotherapy a common manifestation is cor-
neal erosion, while a worse complication is keratitis and
the formation of ulcers.

One of the most serious consequences of post-radia-
tion complications on the anterior segment of the eye is
neovascular glaucoma, which is also one of the main re-
asons for subsequent secondary enucleation. Radiation
cataract can now be managed elegantly by means of a
microsurgical solution. On the posterior segment of the
eye, later complications of irradiation include radiation
retinopathy and radiation optic neuropathy.

Radiation retinopathy is divided into maculopathy and
peripheral retinopathy. It was first described in 1933. It
is manifested clinically as microaneurysms, teleangiecta-
sias, hard exudates, cotton wool spots and macular ede-
ma, neovascularisation and vitreous haemorrhage. After
exposure to ionising radiation, first of all a loss of endo-
thelial cells takes place, with a relative preservation of
pericytes. There is a hypothesis that the different sensi-
tivity of endothelial cells and pericytes may be connec-
ted with the exposure of the endothelial cells to a large
amount of oxygen and iron in the blood, from which free
radicals form and damage the cell membranes. In acellu-
lar capillaries, microaneurysms form. Ultimately retinal
ischemia leads to the development of neovascularisa-
tions, and subsequently haemophthalmos, tractional
retinal detachment and macular edema. On fluorescein
angiography early changes are displayed as occlusion
of capillaries with irregular dilations of capillaries and
microaneurysmes in their surrounding area [1].

On the basis of optical coherence tomography, radia-

tion macular edema is divided into non-cystoid and cy-
stoid, and also foveolar and extrafoveolar. According to
the finding on fluorescein angiography it is divided into
ischemic and non-ischemic. An early symptom of radiati-
on maculopathy is non-ischemic macular edema, which
can mutate into ischemic macular edema [6].

Various possibilities of treatment are used in the tre-
atment of radiation retinopathy. At present this concerns
especially intravitreal application of triamcinolone and
bevacizumab, laser photocoagulation, and treatment in
a hyperbaric chamber. After discovery of ischemic ede-
ma, however, an improvement of central visual acuity
is improbable, regardless of what treatment the patient
receives.

The aim of our study was to employ a bivariate and
multivariate analysis in order to determine whether and
to what extent the dose of radiation on the macula and
selected patient characteristics are associated with the
risk of onset of radiation maculopathy.

MATERIAL AND METHOD

We analysed a cohort of 168 patients with malignant
melanoma of the corpus ciliare and choroidea, who
underwent stereotactic radiosurgery on a LINAC linear
accelerator at the Oncological Institute of St. Elizabeth
in Bratislava in co-operation with the Department of
Ophthalmology at the Faculty of Medicine, Comenius
University and RuZinov University Hospital in Bratislava
during the period of 2007-2016. The dose of radiation
to the area of the tumour was 35.0 to 62.06 Gy, median
40.13 Gy. Radiation maculopathy was diagnosed on the
basis of the finding on optical coherence tomography.
The data was retrospectively evaluated in January 2018,
thus the observation period was 13-122 months.

RESULTS

In the cohort of 168 patients, radiation maculopathy
occurred in 49 patients (29%), of whom in 41 patients
(84%) this was linked to tumours with post-equatorial
localisation.

The time interval of the development of maculopathy
following irradiation was 1 to 62 months, median 16
months. The median value of the dosage of irradiation
of the macula in patients with subsequent development
of maculopathy was 37 Gy. We evaluated the relation-
ship of the individual parameters to the onset of ma-
culopathy with the aid of a bivariate and multivariate
analysis.

During the observation period, 28 patients (17%)
underwent enucleation. The most frequent cause was
dolorous neovascular glaucoma, in 23 patients (82% of
enucleated). Enucleation was necessary in 4 eyes (14%)
due to progression of the local finding, in which in all
patients this concerned large tumours with a volume
of more than 1 cm3. In 1 patient (4%), enucleation was
performed due to the patient's decision, resulting from
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fear of the pathology. The time interval from irradiati-
on to enucleation was 1 to 99 months, on average 26
months, median 21.5 months.

Bivariate analysis

As regards the age of the patients, those aged youn-
gerthan 60 years had a 1.8 times higher risk of the onset
of maculopathy in comparison with patients aged over
60 years (OR=1.776). This difference was not statistica-
[ly significant (p=0.1202). In patients with melanoma in
the right eye, the risk of development of maculopathy
was 1.6 times higher than in patients with melanoma
in the left eye, also on the basis of a bivariate analysis
this relationship was not significant (p = 0.1783). The
relatively low p value points to an uneven division of
this characteristic between patients with and without
maculopathy, and for this reason we included it in the
multivariate analysis. In patients with tumours locali-
sed in the choroidea, the risk of maculopathy was 2.7
times higher than in patients with tumours localised
in the corpus ciliare. This difference was demonstrated
to be statistically insignificant, but the relatively low p
value points to a possible relationship (p=0.1293). In
the case of tumours with post-equatorial localisation,
the risk of maculopathy was 1.6 times higher in com-
parison with tumours with pre-equatorial localisation,
in which this difference was statistically insignifica-
nt (p=0.3234). Upon a division of tumours into those
without contact with the macula, those touching the
macula and those covering the macula, the highest risk
of maculopathy was associated with tumours touching
the macula. This risk was not significant (p=0.1201).
Upon an evaluation of the volume of the tumour, pati-
ents with a lower median value of the tumour volume
before irradiation had a statistically higher risk of occu-
rrence of maculopathy (p=0.0423). Upon an evaluation
of the dose of irradiation of the macula, there was no

Fig. 1. Tumour deposit — melanoma of the choroidea in
stage T1 —indicated in proximity of macula before stereo-
tactic irradiation in 2013 —red arrow.
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statistically significant difference between patients in
whom maculopathy had developed in comparison with
patients without maculopathy. The p value did not re-
ach the level of statistical significance (p=0.1147), but
in the bivariate analysis the influence of the dose may
have been suppressed by the presence of other cha-
racteristics currently associated with maculopathy and
with the dose — in other words by characteristics with
an uneven distribution of the dose such as localisation
with regard to the equator. We also determined that
patients with a better value of corrected central visual
acuity before irradiation had a higher risk of develo-
ping maculopathy — the median of central visual acui-
ty in the patients without subsequent development of
maculopathy was 20/40. The characteristics and out-
puts of the bivariate analysis are presented in Table 1.

Multivariate analysis

Multivariate modelling demonstrated a highly signifi-
cant influence of the dose of irradiation on the develop-
ment of maculopathy (p=0.0016; Fig. 4). The model was
adjusted for age (p=0.0578), laterality (p=0.0597), post-
-equatorial localisation of tumour (p=0.0271) and initial
corrected central visual acuity (p=0.0007). In the final
model we did not consider the characteristic of the edge
of the tumour touching the macula, due to collinearity
with central visual acuity (p=0.0006). The results of the
multivariate analysis are presented in Table 2.

Fig. 4 presents the Kaplan-Meier curve of survival in
patients without maculopathy stratified according to
dose on the macula. The curves are adjusted to the
characteristics of the patients stated in Table 2. Statis-
tical significance of Cox model of proportionate risk: P =
0.00103 and statistical significance of influence of dose
on macula: p =0.0016.

Treatment of radiation maculopathy

In 5 patients the treatment for maculopathy was be-
vacizumab administered intravitreally, 1x to 8x. None of
the patients attained an improvement of central visual

\
\
bt o o N

Fig. 2. Stereotactic plan of irradiation of deposit in 2013



Fig. 3. Fluorescein angiography of tumour deposit 4 years
later in 2017

acuity after the intravitreal administration of bevacizu-
mab.

DISCUSSION

On the basis of the information in the literature, a key
risk factor for the development of radiation maculo-
pathy is the dose of irradiation of the macula. At a dose
of less than 45 Gy the development of radiation ma-
culopathy is improbable, since other risk factors such as
diabetes mellitus and concurrent treatment by chemo-
therapy, which in addition to the risk of development of
retinopathy also influence its severity, are not present.
The peak of incidence is 2-3 years after the irradiation
treatment [11]. In our cohort the median value of the

dose of irradiation of the macula in patients with sub-
sequent development of maculopathy was lower, spe-
cifically 37 Gy.

In the cohort of patients after treatment by bra-
chytherapy described by Summamen et al., radiation
maculopathy appeared in 20 out of 85 eyes (24%), from
0.4 to 4.3 years after irradiation (median 1.8 years). The
incidence of maculopathy was associated with the dis-
tance of the tumour from the fovea. A distance of the
posterior edge of the tumour from the macula of more
than 1.5 mm (1 dioptre) significantly reduced the risk
of occurrence of maculopathy (p = 0.030 according to
the Mantel-Cox test). The size of the tumour was not
demonstrated to be a risk factor for the occurrence of
maculopathy [13].

Stack et al. analysed the incidence of post-radiation
complications in 92 patients following irradiation of ma-
lignant melanoma of the uvea by brachytherapy with
the use of 1125. Radiation retinopathy was the most
commonly occurring complication, in which this concer-
ned maculopathy in 23% of patients, and peripheral reti-
nopathy in 17%. Irradiation of the macula with a dose of
more than 90 Gy subsequently led to the development
of retinopathy in 63% of patients (p<0.01). Thickness
of the tumour of more than 4 mm was demonstrated
to be a risk factor for the occurrence of maculopathy
(p=0.003) [12].

In our cohort the dose of irradiation of the macula
was a similarly statistically significant variable associa-
ted with maculopathy. Post-equatorial localisation of
the tumour and touching of the macula with the edge
of the tumour is associated with the proximity of the
macula, and therefore indirectly also with a higher dose
of irradiation of the macula.

An interesting factor is the association between ma-
culopathy and better initial corrected central visual acui-
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Fig 4. Kaplan-Meier curve of survival without maculopathy stratified according to dose on macula. The curves are adjusted
to the characteristics of the patients stated in table 2. Statistical significance of Cox model of proportionate risk: p = 0.00103
and statistical significance of influence of dose on macula: p = 0.0016
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Table 1. Bivariate analysis

Patients
Characteristic without
maculopathy

Patients with | Total Significance | Odds ratio*
maculopathy | number | (p) (OR)

Age up to 60 years inclusive 69
0,1203 1,776
Age over 60 years 75 24 99
Tumour in right eye 54 28 82
0,1783 1,605
Tumour in left eye 65 21 86
Tumour of choroidea 101 46 147
0,1293 2,733
Tumour of corpus ciliare 18 3 21
Post-equatorial tumour 87 40 127
0,3234 1,635
Pre-equatorial tumour 32 9 41
Tumour not touching macula 59 18 77
Tumour touching macula 26 18 44 0,1202 NA
Tumour covering macula 34 13 47
Median volume of tumour before irradiation 03 0,2 03 0,0423 NA
(cm3)
Central corrected visual acuity before irradiation
without light sensitivity 0
light sensitivity 3 0 3
counting fingers 22 1 23
20/800 2 0 2
20/400 6 0 6
20/200 5 3 8
20/160 3 0 3
20/125 4 2 6
<0,0001 NA
20/100 3 0 3
20/80 11 2 13
20/63 19 8 27
20/50 3 8
20/40 8 14
20/32 13 13 26
20/25 6 3 9
20/20 10 6 16
Median dose of radiation to macula (Gy) 34,45 36,35 34,98 0,1147 NA

Numerical characteristics are presented as medians and categorical characteristics are presented as absolute numbers.
OR* - odds ratio of onset of maculopathy in patients in upper row category to odds of onset of maculopathy in patients in
lower row category of given explanatory variable. E.g. for age OR = (25/44) : (24/75) = 1.776.

Used abbreviations: OR - odds ratio; NA - not applicable.
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Table 2. Multivariate analysis

.. Significance | Hazard ratio*
Characteristic

Age over 60 years

Male sex

Volume of tumour before irradiation (cm3)

Laterality in right eye

Melanoma of choroidea (in comparison with corpus ciliare)
Post-equatorial localisation of tumour

Corrected central visual acuity before irradiation

Dose of radiation on macula (Gy)

95% confidence interval

(95% Cl)
0,0579 0,560 0,308 - 1,020
0,2021 1,479 0,811 - 2,696
0,1442 0,485 0,184 - 1,281
0,0598 1,743 0,977 - 3,108
0,3693 1,952 0,453 - 8,409
0,0271 0,253 0,075 - 0,856
0,0007 5,330 2,030 - 13,99
0,0016 1,068 1,025 - 1,112

Test statistics of model and x2 = 26.05 and corresponding attained level of significance of model p = 0.001.

Hazard ratio* - for categorical explanatory variables, the value of the ratio represents independent hazard (risk) of occurren-
ce of maculopathy in patients in the stated category in comparison with the risk of maculopathy in patients in the referential
(additional) category, on the precondition that the other characteristics are equal. Similarly in numerical characteristics,
each increase by a unit in the given scale multiplies the hazard by the stated factor of HR. The combined effect of multiple
explanatory variables is then the sum of the individual contributions.

Used abbreviations: HR - hazard ratio; NA - not applicable

ty, in which the bivariate analysis showed maculopathy
to be statistically significantly associated also with a
lower median of the volume of the tumour before irra-
diation. This may be caused by: a) earlier diagnosis of
tumours localised on the posterior pole - they have a
lower median volume and after irradiation a higher risk
of maculopathy, b) lower risk of enucleation in patients
with smaller tumours and better central visual acuity
(in patients without maculopathy, enucleation was 1.6
times more frequent). If a patient has a lower risk of
enucleation, he or she also has a higher chance of de-
veloping later post-radiation compilations such as ma-
culopathy and optic neuropathy, which would naturally
not have occurred in the patient if he or she had had to
undergo enucleation.

We explain the higher incidence of maculopathy in the
right eye by means of the larger median volume of the
tumours in the right eye, which was 0.3 cm3, whereas
the median of the tumours in the left eye was 0.26 cm3.
As regards the distance of the tumours from the macula,
out of the total number of 82 tumours in the right eye,
59 were with post-equatorial localisation (72%), in the
left eye out of a total of 86 tumours, 68 had post-equa-
torial localisation (79%). The difference in prevalence of
maculopathy between the right and left eye is therefore
not associated with the distance from the macula.

Bevacizumab in a dose of 1.25 mg intravitreally is
used for the treatment of age-related macular degene-
ration, diabetic retinopathy and retinal vein occlusion.
It is a humanised monoclonal antibody against vascu-
lar endothelial growth factor (VEGF). It is assumed that
its blocked reduces vascular permeability and prevents
abnormal vascularisation. After intravitreal administra-
tion of bevacizumab, central visual acuity may improve
in patients with radiation retinopathy, although in the

majority of cases this improvement is only temporary.
Central visual acuity usually returns to the same level as
before the administration of the injection within 1 year
of application [3].

Intravitreal administration of triamcinolone acetate in
a dose of 4 mg is used in the treatment of macular ede-
ma caused by various pathologies. The mechanism of its
effect is not well clarified, it is assumed that it has an
influence on restoring the inner blood retinal barrier by
means of modulating cytokines and regulating the per-
meability of capillaries. However, this treatment may be
complicated by steroid glaucoma [11].

In certain indications, laser photocoagulation has also
retained its place in the treatment of radiation reti-
nopathy. It has been demonstrated that panretinal laser
photocoagulation is effective in the treatment of proli-
ferative retinopathy. Focal laser photocoagulation was
previously used in the treatment of macular edema, in
which it led to a regression of edema in some patients.
However, two years after treatment there is no longer
any difference in central visual acuity between the pati-
ents treated with laser photocoagulation and those who
were not treated [7].

With regard to the fact that the present possibilities
of treatment of radiation retinopathy are not very suc-
cessful, some authorities are focusing on its prevention.
Oliver et al. tested the effect of 1000 CSt silicone oil,
5000 CSt silicone oil, perfluorocarbon and heavy oils as
protection against the effect of 1125 on cadaverous eyes.
The strongest protective effect was achieved by 1000 CSt
silicone oil, which had a 55% greater effect in compari-
son with the vitreous body in preventing the spread of
radiation. Pars plana vitrectomy with tamponade using
1000 CSt silicone oil in combination with brachytherapy
may be an effective method of treatment, and is being
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applied in a number of centres [9].

In our cohort, bevacizumab as treatment for radiati-
on maculopathy was applied to 5 patients, with the re-
sult that central visual acuity did not improve in a single
case. Ischemic edema evidently developed in the macu-
la, upon which treatment by bevacizumab is ineffective,
as are the other currently available options.

The aim of every treatment of uveal melanoma is to
prevent metastatic spreading [10, 2]. Monitoring of
small pigment lesions - nevi, and monitoring of their po-
tential transformation into melanoma is of great signi-
ficance in clinical practice. In practice ophthalmologists
use display methods such as optical coherence tomogra-
phy in order to assess the dynamics of changes in the
deposit [8].

CONCLUSION

Post-radiation complications can complicate the re-
sults of treatment of uveal melanoma using radiation,
by means of a deterioration of central visual acuity and
sometimes also the necessity of secondary enucleati-
on. Radiation maculopathy ranks among the later sight-
-threatening complications. The dose of radiation of the
macula is the most significant risk factor for its deve-
lopment. No effective treatment currently exists. After
treatment of uveal melanoma by radiation, it is nece-
ssary to ensure long-term active monitoring care by an
ophthalmologist, not only to monitor the tumour itself,
but also for the purpose of diagnosis and treatment of
potential post-radiation complications.
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