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Abstract

Purpose: The aim of this study was to analyze the course of visual acuity (VA) in visual outcomes of patients treat-
ed with iodine-125 (*?I) brachytherapy in our center, based on original VA before treatment.

Material and methods: Visual acuity was prospectively assessed using a case series of 305 patients treated with 12
between 1996 and 2022. To examine how VA behaves over time, we divided patient sample into 4 groups: (1) Patients
with visual acuity of less than V < 0.1 at baseline; (2) Patients with low to moderate VA, ranging 0.1 <V < 0.4; (3) Pa-
tients with moderate-high VA, ranging 0.4 <V < 0.8; (4) Patients with very high VA of V > 0.8. Each of the four groups
was studied separately over a 60-month period to determine the percentage of patients with VA improvement, wors-
ening, or with the same VA status. Finally, visual outcomes over time were estimated with 95% confidence interval
(CI) using Kaplan-Meier analysis, and VA maintenance rates were reported at 1, 3, 5, 10, 15, and 20 years of follow-up.

Results: The median follow-up time was 78.2 months (range, 6-254 months). The cumulative probabilities of sur-
vival analysis at 1, 3, 5, and 10 years were 16%, 3%, 2%, and none for the first sub-group; 46%, 20%, 17%, and 14% for
the second; 65%, 53%, 29%, and 15% for the third; and 86%, 56%, 48%, and 41% for the fourth sub-group. The median

survival in years was 0.30, 0.80, 3.10, and 4.40 for each sub-cohort, respectively.
Conclusions: The decrease and maintenance of VA depends on the initial VA of patients. Most patients experience
a marked worsening of their VA, regardless of their VA status before treatment with episcleral brachytherapy. Patients

with a higher baseline VA retain VA best over time.
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Purpose

Uveal melanoma is the most common primary ma-
lignant intraocular tumor in adults, with an annual age-
adjusted incidence of 5.1 per million cases [1]. It used
to be treated by enucleation, but since the Collaborative
Ocular Melanoma Study (COMS) publication, plaque
brachytherapy is assumed to play an important role in the
treatment of posterior uveal melanoma [2, 3]. According
to the COMS classification system, brachytherapy was
indicated in the following three conditions: small mel-
anomas, with a documented tendency to grow or with
clear signs of activity; all medium-sized melanomas; and
some large melanomas, with a reasonable potential for
preserving vision upon patient consent [4, 5]. Although
this procedure is effective, it can lead to various ocular
complications [6-8], and often results in significant loss of
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visual acuity (VA) because of high radiation dose. There
are several reasons for this, but the main side effects in-
clude retinopathy, maculopathy, cataract, neovascular
glaucoma, and nerve atrophy. The severity depends pri-
marily on the amount of incidental irradiation to various
tissues and ocular structures that are radiosensitive [9].
Duration of treatment does not seem to be particular-
ly important in the occurrence of late toxicity related to
radiobiological dose [10, 11]. However, in a recent study
by Miguel et al., statistically significant variables for vi-
sual loss were found in a multivariate model, such as
apical height, plaque size, juxtapapillary location, and
dose to foveola [12]. Multivariate studies conducted by
various authors revealed significant values in many dif-
ferent characteristics depending on variables analyzed,
including larger size [13, 14], lesser distance to fovea or
macula [13, 15], lesser distance to optic nerve [6, 16], dose
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to optic nerve [14, 17], dose to sclera [14], dose to macula
[14], high macular dose rates [18], older age [13], younger
age [17], initial VA [17], retinal invasion before treatment
[19], tumor shape [20], plaque shape [20], diabetes melli-
tus [21], and serous macular detachment [22]. Numerous
studies have shown that lower irradiation doses were
correlated with lower rates of visual loss [23].

The aim of the present study was to analyze the
course of VA in patients treated with %I brachytherapy
based on pre-treatment VA evaluation.

Material and methods

Patients diagnosis, treatment, workflow,
and treatment features

Patients prospectively and consecutively treated with
125] (ROPES [24] and COMS [25]) plaques for uveal mel-
anoma in the Intraocular Tumors Unit of Intraocular Tu-
mors Unit Intraocular Tumors Unit, Valladolid Univer-
sity Hospital, Valladolid, Spain from January 1, 1996, to
May 1, 2022 were included in this study. Patients treated
with transpupillary thermotherapy before brachytherapy
were excluded.

All patients were initially examined by an ophthal-
mologist experienced in ocular oncology, and diag-
nosed with choroidal melanoma. Brachytherapy was
performed according to standard protocol of the Amer-
ican Brachytherapy Society (ABS) guidelines [26-28].
The ophthalmologist and oncologist outlined the target,
and plaque size was chosen to include the basal margin.
The radiation oncologist defined clinical target volume
(CTV) considering tumor thickness from B-scan sonog-
raphy images and safety margin extension of 1-2 mm
in all directions. Planning target volume (PTV) could
be added by the radiation oncologist in case of a doubt
regarding plaque localization or tumor delineation [29].

Applicators were sutured to the sclera and removed
after an appropriate time. Tumors were located by tran-
sillumination and indirect ophthalmoscopy. Prescribed
dose to the tumor apex was 85 Gy in all cases. Plaque
heterogeneity correction functions were incorporated
in treatment planning. Moreover, collimation of dose
through the lip on the gold alloy base and global atten-
uation factor accounting for the effect of plaque seed in
the eye were applied. All patients signed an informed
consent form, after being duly informed about possible
side effects. Before treatment, the following information
were obtained: treatment duration, plaque size, number
of seeds (in case of iodine plaques), total activity, and
distribution of 1?1 seeds required to apply the prescribed
dose to target volume.

Regular follow-up visits were performed at 1, 3, 6,
and 12 months, every 6 months from 1 to 5 years after
therapy, and annually thereafter, if local control had been
achieved. In practice, the number of revisions may be
higher in many patients during the first 5 years, mainly
because of special surveillance, and follow-up times may
also vary because of hospital stay scheduling. All patients
underwent a complete ophthalmologic examination, in-
cluding Snellen VA measurements.

Visual acuity definition and study groups

Visual acuity is defined as a reciprocal of ratio between
the letter size a patient can evaluate and the size a standard
eye can recognize. Pre-operatively and post-operatively,
VA was recorded in decimal logarithmic scale (V). Linear
scales are not meant for clinical records, but they are re-
quired for statistical purposes They convert the progres-
sion of V values into a linear one, based on Weber-Fechner
law stating that proportional increases in stimulus lead to
linear increases in perception. One of the most used scales
is a VA score (VAS) that relates to V as follows [30]: VAS =
100 + 50 log V. This score is more intuitive because it indi-
cates higher values. On this scale, the value of 100 (V =1)
corresponds to normal vision, while the value of 50 (V = 0.1)
represents the limit of legal blindness in our country.

To determine how VA changes over time as a func-
tion of pre-treatment VA, the total cohort was divided
into 4 groups: (1) Patients who previously had an ini-
tial VA of V < 0.1 (VAS < 50); (2) Patients who could see
but had a low to moderate VA, ranging 0.1 <V < 0.4
(50 < VAS < 80.1); (3) Patients with medium-high VA,
ranging 0.4 <V <0.8 (80.1 < VAS < 95); and (4) Patients
with a very high VA that in this study was considered as
V>0.8 (VAS > 95).

Each of the four groups was studied separately over
a 60-month period time to determine the percentage of
patients with VA improvement, worsening, or remain-
ing the same VA status. Each semester, in which VA
was monitored, was compared with baseline VA values
before brachytherapy. Based on our internal standards,
patients were classified as having experienced VA im-
provement when their visual analog scale (VAS) score
increased by 10%. Patients were categorized as having
suffered a loss of visual acuity when their VA decreased
by 10%. If a patient had more than two follow-up visits
in the same semester, VA was set as a geometric mean
of individual corrections in the linear scale for that se-
mester. For enucleated patients, VA was classified as no
light perception at the time of enucleation. Finally, visual
outcomes over time were estimated with 95% confidence
interval (CI) using Kaplan-Meier analysis, and VA main-
tenance rates were reported at 3, 5, 10, 15, and 20 years of
follow-up. Kaplan-Meier analysis and estimation of dif-
ferences with log-rank test were performed for the four
groups to determine statistically significantly differences.

Statistics analysis

All analyses were performed with SPSS version
24.0 (IBM, Somers, NY, USA) and XLSTAT version
2016.02.28451 (Addinsoft). Statistical significance level
was set at 0.05.

Results
Patients

From 1996 to June 2022, 305 cases of choroidal melano-
ma were treated with ophthalmic brachytherapy. A total
of 3,618 post-treatment visual follow-up measurements
were used in this study, with a median follow-up of
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78.2 months (range, 6-254 months) and loss of follow-up
of less than 1%. Thirty-one patients underwent an enucle-
ation after brachytherapy. Tables 1 and 2 display baseline
patient demographics, tumor characteristics, and doses to
the tumor apex for each sub-cohort.

Sub-cohort 1. Initially blind patients,
V<0.1. Blind

Sixty-one of the 305 patients were included in this
sub-group (20% of the total cohort). The preservation of
the organ was achieved in majority of patients (82%), and
11 of 61 patients were enucleated. Figure 1 shows how

the percentage of patients with lost VA was greater than
those whose VA maintained or even improved. A small
number of patients gained VA after the intervention.
However, this fact did not mean the recovery of vision
even in those with a VA close to the limit. In 3 of 57 pa-
tients, the vision recovered but after one year, only one
patient remained vision with V > 0.1; the rest remained
blind. Despite this, a small number of patients reduced
over time have gained VA, with values below the limit
of 0.1.

Actuarial Kaplan-Meier curves are described in Fig-
ure 2. Visual acuity preservation rates at 1, 3, and 5 years

Table 1. Patient and tumor summary statistics for 305 eligible cases. Quantitative variables

Variable Blind Low-medium Medium-high  Very high
n % n % n % n %
Gender Female 25 42.6 36 49.3 52 61.2 49 57.0
Male 34 57.4 37 50.7 33 38.8 37 43.0
Laterality Right eye 26 443 43 58.9 44 51.8 45 523
Left eye 35 55.7 30 41.1 41 48.2 41 47.7
Length Nasal 13 23.0 13 17.8 21 24.7 29 33.7
Temporal 48 77.0 60 82.2 64 753 56 65.1
Latitude Inferior 27 45.9 23 315 33 38.8 42 48.8
Superior 32 541 50 68.5 52 61.2 43 50.0
Location of anterior tumor border  Ciliary body 6 9.8 1 1.4 8 9.4 1 12.8
Equator to ora serrata 22 37.7 25 34.2 28 32.9 33 384
Posterior to equator 31 52.5 47 64.4 49 57.6 42 48.8

Location of posterior border <1mmOD

8 13.1 8 11.0 7 8.2 10 11.6

>1mm OD

49 83.6 65 89.0 74 87.1 69 80.2

Ciliary body

1 1.6 0 0.0 1 1.2 0 0.0

Equator to ora serrata

1 1.6 0 0.0 3 3.5 7 8.1

Tumor shape Mushroom 26 443 16 21.9 14 16.5 15 17.4
Diffuse 0 0.0 3 4.1 2 2.4 1 1.2
Nodular 33 55.7 54 74.0 69 81.2 70 81.4
Juxtapapillary localization No 49 82.0 60 82.2 77 90.6 74 86.0
Yes 12 18.0 13 17.8 8 9.4 12 14.0
COMS Large 7 11.5 4 5.5 3 3.5 3 3.5
Medium 48 82.0 63 86.3 75 88.2 76 88.4
Small 4 6.6 6 8.2 7 8.2 7 8.1
Type of plague COMS 44 76.7 57 78.1 73 85.9 70 81.4
ROPES 14 233 16 219 12 14.1 16 18.6
Shape plaque Notched 9 15.0 11 15.1 11 12.9 13 15.1
Not notched 49 85.0 62 84.9 74 87.1 73 84.9
Juxtapapillary choroidal melanoma is considered with a posterior margin within 1 mm of the optic disc (OD)
Table 2. Patient and tumor summary statistics for 305 eligible cases. Qualitative variables
Variable Blind Low-medium Medium-high Very high
Median SD Median SD Median SD Median SD

Age (years) 62.0(18-91) 155

60.2 (16-91) 157

64.2 (20-89) 13.0 56.7 (23-82) 12.9

Tumor apical height (mm) 6.4 (1.2-11.5) 2.7

5.6 (18-107) 24

50(1-120) 216 47(15-106) 22

Longest basal dimension (mm) 12.2 (5-17.4) 2.6

11.9 (61-205) 2.8

108 (5.0-163) 24 109 (45-181) 2.7

Apex dose (Gy) 85.8 (68.8-95.7) 4.2

SD — standard deviation

85.5(74.7-933) 3.6

85.6 (75.4-127.2) 7.0 85.6(76.8-109.8) 4.2
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Initial VAV <0.1 Initial VA 0.1 <V <04

100 - 100
80 80
60 60
40 7 40
20 7 20

S1 S2 S3 sS4 S5 S6 S7 S8 S9 SI10 S1 S2 S3 sS4 S5 S6 S7 S8 S9 SI10

B Deterioration =~ OEqual B Improvement B Deterioration ~ O Equal B Improvement

S1 S22 S3 sS4 S5 S6 S7 S8 S9 Sl10 S1 S22 S3 sS4 S5 S6 S7 S8 S9 S10

mv 1 4 7 14 15 21 23 27 30 4 mv 0 6 1 12 19 23 28 32 34 45

Det. (%) 714 736 740 674 69.1 722 735 833 8l5 938 Det. (%) 493 508 565 656 704 720 760 732 821 831

Equal (%) 161 170 160 140 95 111 88 67 74 63

Equal (%) 28.8 269 194 115 111 120 100 122 111 107

Impr. (%) 125 94 100 186 214 167 177 100 111 0.0

Impr. (%) 219 224 242 230 185 160 140 146 68 62

Initial VA 04 <V <0.8 Initial VA > 0.8
100 100

80 80
60 60
40 40
20 20

S1 S2 S3 sS4 S5 S6 S7 S8 S9 SI10 S1 S2 S3 sS4 S5 S6 S7 S8 S9 SI10

B Deterioration =~ OEqual B Improvement B Deterioration O Equal B Improvement

S1 S2 S3 sS4 S5 S6 S7 S8 S9 S10 S1 S22 S3 sS4 S5 S6 S7 S8 S9 S10

mv 1 4 14 200 24 30 39 43 48 58 mv 0 3 9 14 19 23 26 32 38 54

Det. (%) 47.6 526 543 554 639 691 717 762 777 815 Det. (%) 372 39.8 468 500 53.7 571 633 593 542 531

Equal (%) 524 474 457 446 361 309 283 238 223 185

Equal (%) 62.8 60.2 533 50.0 463 429 367 40.7 458 469

Impr.(%) 00 00 00 00 00 00 00 00 00 00

Impr.(%) 00 00 00 00 00 00 00 00 00 00

Fig. 1. Progression of visual acuity in patients as a function of their initial visual acuity. S1-510 are the semesters after brachyther-

apy, and MV show the missing value

were 16% (95% CI: 7-25%), 3% (95% CI: 0-11%), and 2%
(95% CI: 0-5%), respectively. The median survival time
(Table 3) was 0.3 years (95% CI: 0.2-0.4%).

Sub-cohort 2. Patients with 0.1 <V < 0.4 before
brachytherapy. Low-medium

Seventy-three of the 305 patients were included in this
sub-group (24% of the total cohort). The preservation of
the organ was achieved in majority of patients (87%), and
10 of 73 patients were eventually enucleated. Figure 1
shows the percentage of patients who gained VA was
higher than in a previous case. A significant number of
patients gained VA after being subjected to the proce-
dure, but VA deteriorated over time.

Actuarial Kaplan-Meier curves are described in Fig-
ure 2. Visual acuity preservation rates at 1, 3, 5, and
10 years were 46% (95% CI: 36-56%), 20% (95% CI: 10-30%),
17% (95% CI: 7-27%), and 14% (95% CI: 4-24%), respec-
tively. The median survival time (Table 3) was 0.8 years
(95% CI: 0.5-1.7%).

Sub-cohort 3. Patients with 0.4 < V < 0.8 before
brachytherapy. Medium-high

Eighty-five of the 305 patients were included in this
sub-group (28% of the total cohort). For patients with
baseline medium-high VA (0.4 < V < 0.8), the preserva-
tion of the organ was achieved in majority of patients
(95%), and 4 of 85 patients were enucleated.
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Survival distribution function
1.0

0.9
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0.7
0.6 1
0.5
0.4
0.3
0.2
0.1+

O T T T T
0 5 10 15 20
Years
— Blind — Low-medium
— Medium-high Very-high

Survival probability in % of function depending on different
initial visual acuity

lyear 3years 5years 10years 15years 20 years
Blind 16 3 2 = = =
Low-medium 46 20 17 14 - -
Medium-high 65 53 29 15 15 15
Very-high 87 56 48 41 27 27

Fig. 2. Actuarial Kaplan-Meier for VAS < 50 in patients
depending on different initial visual acuity

Table 3. Median survival time (years) of patients
with different baseline conditions of visual acuity

Median Lower bound Upper bound
survival time (95%) (95%)
(years)
Blind 0.30 0.20 0.40
Low-medium 0.80 0.50 1.70
Medium-high 3.10 1.70 4.50
Very high 4.40 3.20 10.40

Figure 2 shows that in this sub-group on average, the
loss of VA was greater and the number increased with
time. No patient gained VA.

Actuarial Kaplan-Meier curves are described in Fig-
ure 2. Visual acuity preservation rates at 1, 3, 5, and
10 years were 65% (95% CI: 56-74%), 53% (95% CI: 45-
61%), 29% (95% CI: 15-42%), and 15% (95% CI: 3-27%),
respectively. The median survival time (Table 3) was 3.1
years (95% CI: 1.7-4.5%).

Patients with V > 0.8 before brachytherapy.
Very high

Eighty-six of the 305 patients were included in this
sub-group (28% of the total cohort). For patients with
high initial VA (V > 0.8), the preservation of the organ
was achieved in majority of patients (93%), and 6 of
86 patients were enucleated. Tables 1 and 2 display base-
line patient demographics, tumor characteristics, and
doses to the tumor apex for the study population.

Figure 1 presents the loss of VA as the most numerous
events. No patient improved his VA during follow-up

visits. Most patients maintained their initial VA values
but with time, these values were reduced till half. As in
the previous cohort, no patient gained VA.

Actuarial Kaplan-Meier curves are described in Fig-
ure 2. VA preservation rates at 1, 3, 5, 10, and 15 years
were 86% (95% CIL: 80-92%), 56% (95% CI: 46-66%),
48% (95% CI: 35-61%), 41% (95% CI: 26-56%), and 27%
(95% CI: 10-43%), respectively. The median survival time
(Table 3) was 4.4 years (95% CI: 3.2-10.4%).

Log-rank test

Figure 2 shows survival curves for the relevant vari-
ables of multivariate analysis, where the curves are sep-
arated according to their initial VA. All four groups ana-
lyzed with log-rank test reported p < 0.05, so the survival
curves differed significantly. Figure 2 demonstrates the
median survival time for each sub-group and survival
rates for 1, 3, 5 10, 15, and 20 years.

Discussion

In this report, we present our experience with VA out-
comes after plaque brachytherapy in a large series of pa-
tients from a single center. The results accurately reflect
the outcomes in this center, and provide a useful internal
audit. A multicenter study with a larger patient popula-
tion could confirm or refute the results. Visual acuity mea-
surement can be challenging, because there are no specific
standards for the type of use, for which the test is designed
[31]. This highlights difficulties in comparing studies from
different institutions and various patient populations.
Although the organ was preserved in the majority of pa-
tients (95%), a significant number of cases experienced
a decline in VA as a result of therapy. The actuarial five-
year eye preservation rate was 90%. The COMS Report 18
[32] provides enucleation results of 12.5% at 5 years. The
decrease and maintenance of VA, as shown in this study,
depend on the initial VA of patients. In this way, patients
with a low to medium VA seem to benefit the most from
brachytherapy. However, on average, VA worsens over
time after treatment. Patients with good baseline VA have,
on average, more time remaining vision with a VAS > 50
than those with a lower baseline VA. Some of the blind
or moderately sighted patients gain VA from treatment,
improving their initial examination score. Therefore, VA
will almost inevitably decrease after treatment, although
less rapidly if the initial acuity is higher.

In cases experiencing a decline in visual acuity follow-
ing cataract treatment, whether due to radiation or oth-
er factors, surgery may offer the opportunity to recover
a significant portion of lost visual acuity. However, the
visual outcomes of patients in our series were compara-
ble with results of other reported studies [13, 14, 33], and
the outcome of VA test was worse on average over time.

Char et al. [34] reported that the risk of vision loss was
greatest immediately after treatment and decreased over
time. After 3 years, 36% of the eyes had 6/12 (> 0.5) or
better VA score in a retrospective analysis of 230 patients
treated with brachytherapy. The COMS 18 Report 18 [32]
found that 50.1% of COMS participants still had usable
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vision at 36 months. The results of the current study pro-
vide significantly lower values for all sub-groups inves-
tigated.

Study limitations

Uveal melanomas are linked with two primary factors
contributing to vision loss, which are somewhat inter-
twined with exudative retinal detachment and radiation
exposure. As a result, it can be challenging to attribute
vision impairment solely to brachytherapy. Furthermore,
anterior uveal and large posterior melanomas commonly
lead to cataracts, resulting in temporary vision loss that
can impact outcomes.

Our retrospective study reports the outcomes of treat-
ment of patients with choroidal melanoma in Spain from
1996 to 2022. However, this study has several limitations.
The most important is that the initial visual acuity and
even the final visual outcomes, depend on several factors.
For example, low initial visual acuity may depend on
a small tumor near the macula with serous detachment
of the fovea, or a large tumor with extensive detachment
and hemorrhage. Although both patients may have the
same vision at baseline, their outcomes are likely to be
different. Conversely, a large tumor in the anterior seg-
ment of the eye may not interfere with central vision
more than a small tumor in the mid-periphery, but again,
outcomes will be different. The present study makes no
attempt to account for these variables; it considers only
pre-treatment vision as an explanatory variable. Second,
the outcome depends on how actively and by what meth-
od unavoidable side effects of irradiation are treated, e.g.,
enucleation vs. anti-VEGF with cyclophotocoagulation
for neovascular glaucoma, different intravitreal injections
for radiation maculopathy and radiation optic neuropa-
thy, etc. These complications and their treatment strate-
gies (which are likely to evolve during the study period)
are not described and analyzed in the manuscript.

Another limitation is that Kaplan-Meier curves be-
have poorly in tails, and the reliability of estimates is
intuitively poor with less than 10% of patients remain-
ing in the cohort. The second limitation is the amount
of lost data in the last tracking intervals. Despite these
limitations, this review provides truly valuable infor-
mation on treatment outcomes in VAS after episcleral
brachytherapy.

Conclusions

Most patients experience a marked worsening of their
VA regardless of their VA prior to treatment with epis-
cleral brachytherapy. Patients with a higher baseline VA
best maintain VA over time. Episcleral brachytherapy
cannot prevent the loss of visual acuity, especially in ad-
vanced cases, or when the tumor caused significant dam-
age before treatment. Blindness is virtually irreversible,
even when the disease is controlled locally.
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