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Abstract. Aim: The aim of this study was to detect clinical
factors predictive of loss of visual acuity after treatment in
order to develop a predictive model to help identify patients
at risk of visual loss. Patients and Methods: This was a
retrospective  review of patients who underwent
interventional radiotherapy (brachytherapy) with 106Ry
plaque for primary uveal melanoma. A predictive nomogram
for visual acuity loss at 3 years from treatment was
developed. Results: A total of 152 patients were selected for
the study. The actuarial probability of conservation of 20/40
vision or better was 0.74 at 1 year, 0.59 at 3 years, and 0.54
at 5 years after treatment. Factors positively correlated with
loss of visual acuity included: age at start of treatment
(p=0.004) and longitudinal basal diameter (p=0.057), while
distance of the posterior margin of the tumor from the
foveola was inversely correlated (p=0.0007). Conclusion:
We identified risk factors affecting visual function and
developed a predictive model and decision support tool
(AVATAR nomogram).
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Local disease control and the preservation of visual acuity
are the main objectives in conservative treatment of uveal
melanomas. Radiotherapy is one of the treatments that at
many sites allows organ and function preservation (1-5).
Interventional radiotherapy (brachytherapy) is the standard
treatment for uveal melanoma, although local tumor control
rates in the Collaborative Ocular Melanoma Study (COMS)
(6) and other reports are excellent for small to medium size
choroidal melanoma, long-term visual acuity outcomes are
poor for many patients. Radiation retinopathy, radiation optic
neuropathy, and radiation-induced macular edema remain
devastating sources of vision loss following radiation therapy
for uveal melanoma. Early treatments with laser therapy,
anti-vascular endothelial growth factor therapies and steroid-
based therapies for radiation-induced macular edema did not
show remarkable effects on retinal thickness and visual
acuity. In contrast, preventive management with scatter laser
and anti-vascular endothelial growth factor therapy for
radiation-induced macular edema has been shown to reduce
retinal swelling and improve visual acuity in the long-term
following radiation therapy (7, 8). For this reason, more
recently, studies have directed therapies towards the
prevention of radiation retinopathy rather than treatment after
signs that damage has already occurred (9). With this aim,
the identification of patients at risk of developing loss of
visual acuity who might be candidates for preventive
treatment is essential. Since there is a complex interplay of
different factors that influence toxicity from interventional
radiotherapy, determining the overall risk of vision loss
based on individual tumor characteristics and the presence
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of ocular and systemic disease may help in patient selection.
In addition, more and more decision support tools based on
predictive models are being developed in order to
personalize the proposed therapeutic approach. Many authors
speak of a virtual patient, defined as AVATAR, in fact,
through tools therapies can be virtually tested and the virtual
outcomes be determined before treatment (10, 11).

The first two aims of this study were to document visual
outcome in patients with small-medium size choroidal
melanoma treated with '°°Ru interventional radiotherapy at
the Fondazione Policlinico Universitario A. Gemelli IRCCS
and to evaluate changes in visual acuity over time in
response to treatment. The third aim was to identify clinical
predictive factors for visual acuity loss after treatment in
order to develop a predictive model to help identify patients
at risk of visual loss (12, 13).

Patients and Methods

This was a retrospective review of all consecutive patients who
underwent interventional brachytherapy with 10Ru plaque, for
primary uveal melanoma at our Interventional Oncology Center
between 2006-2014; all the anonymized data were retrieved from
the intranet hospital multidivisional electronic database Spider's Net
in the framework of our institutional Consortium for Brachytherapy
Data Analysis (COBRA) system (14).

Inclusion criteria. Patients eligible for the study were those
diagnosed with dome-shaped small to medium size choroidal
melanoma. Patients with posterior tumor margin within 1.5 mm
from the foveola were excluded because of the high probability of
developing radiation sequelae and visual loss. Patients previously
treated with other modalities and those with minimal plaque
displacement during the follow-up visit were excluded from our
analysis. Patients with poor baseline visual acuity (<20/200) were
excluded due to the impossibility of assessing a worsening of visual
acuity caused by treatment toxicity. Patients with iris or ciliary body
melanoma were excluded due to the risk of developing a secondary
cataract which, subsequently resolved with therapeutic formation,
might be considered a significant visual decline.

Interventional radiotherapy protocol. The diagnosis of choroidal
melanoma was made on the basis of the ophthalmoscopic evaluation,
A-B scan ultrasonography and fundus photography. A metastatic
workup, including liver function test and liver ultrasound was
performed before treatment for each patient and was negative in all
cases. All patients gave their signed informed consent. The baseline
patient data of demographic features such as age and gender, systemic
illness (diabetes mellitus, hypertension), prior history of malignancy,
and prior ophthalmological conditions were recorded. Pretreatment
tumor data included TNM classification according to the eighth edition
(15), tumor thickness, basal diameter and tumor distance to the
posterior margin of the fovea measured by ultrasound using A-B scan
standardized technique. Each case was evaluated in a weekly
multidisciplinary meeting comprising an ocular oncologist, radiation
oncologist and clinical physicist. The radioisotope used was 19°Ru and
the prescription dose was 100 Gy to the tumor apex. The dose
calculation was performed using the software Plaque Simulator
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(plaque margin in all directions simulator; BEBIG Isotopenund
Medizintechnik GmbH, Berlin Germany) calculating the estimated
dose to organs at risk according to the activity of the plaque used. The
size of the episcleral plaque was selected to provide 1 mm around the
tumor edge. The plaque was applied to the patient under local
anesthesia, and the lesion localization was performed by the use of
transillumination or indirect ophthalmoscopy, depending on tumor
location. Confirmation of intraoperative plaque placement were
performed by experienced diagnostic ophthalmic echographers to
ensure that the plaque was centered on the tumor base and all tumor
margins were covered by the plaque. The procedure was performed
following the INTERACTS protocol for quality assurance (16).

Evaluation of visual acuity. The best corrected visual acuity in the
affected eye was measured using the Snellen chart by an
ophthalmologist before treatment and at follow-up examinations
scheduled at 4-months interval up to 2 years and at 6-month
intervals thereafter. Changes in visual acuity compared with the
initial visit were registered at follow-up visits. Loss of visual acuity
was considered as any decrease in visual acuity of at least two lines
on a standard Snellen eye chart.

Statistical analysis and endpoints. The covariates of interest were
statistically tested against the outcome of visual acuity loss at 3
years with Mann-Whitney U-test or chi-squared test depending on
the type of covariate: the former for numerical ones, and the latter
for categorical ones. Covariates which had a statistically significant
(p<0.05) univariate correlation with the outcome were included in
a logistic regression model, and through stepwise selection, the best
model was chosen according to minimum Akaike Information
Criteria (17). Finally, an estimate of the model performance was
computed via area under the receiver operating characteristic curve
on 1,000 bootstrap samples.

Results

Between December 2006 and December 2014, 239 cases of
uveal melanoma (239 eyes) were treated with 106Ru plaque.
Based on these inclusion criteria, 152 patients were selected
for the study. The baseline patient demographics, clinical
features and tumor characteristics are summarized in Table I.
According to the eighth edition (15) of the American Joint
Committee on Cancer staging system 73 (48%) patients were
T1,78 (51.3%) T2 and 1 (0.66%) T3 at diagnosis. Depending
on tumor basal diameter, the following plaques (Bebig,
Berlin, Germany) were used: CCA (PD: 15.3 mm) in 56
(36.8%) patients; CCD (PD: 17.9 mm) in 28 (18.4%); CCB
(PD: 20.2 mm) in 39 (25.6%); COB (PD: 19.8 mm) in 27
(17.8%) and CCC (PD: 24.8 mm) in two (1.3%) patients. The
radiation characteristics are detailed in Table II. Follow-up
ranged from 30.0 to 104.0 months (median=67.0 months); all
patients included in the study had regular follow-up.

Visual acuity outcome. Primary objective included the study
of visual acuity changes after Interventional Radiotherapy.
At the time of the treatment, 130 patients (86%) had good
vision of 20/40 or better in the tumor-affected eye, while
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Table 1. Baseline patients’ demographics, clinical features and tumor

Table III. Visual acuity (VA) at baseline and at 1, 3 and 5 years after

characteristics. therapy.

Characteristic Value Postoperatively

Gender, n (%) Female 82 (53.9) Baseline 1 Year 3 Years 5 Years
Male 70 (46.1)

Age, years Median (range) 65.5 (17-87) VA =20/40 86% 74% 59% 54%

Systemic disease Diabetes 16 (10.5) VA =20/200 100% 93% 84% T8%
Hypertension 66 (43.4)

Tumor thickness, mm Median (range) 3.23 (2.1-5.5)

Largest basal diameter, mm
Volume, ml
Tumor distance to fovea, mm

Median (range)
Median(range)
Median (range)

9.97 (5.6-17.4)
0.18 (0.05-0.59)
10.06 (1.7-21.5)

TNM Tl 73 (48)
T2 78 (51.3)
T3 1 (0.66)

Table I1. Radiation parameters of 19%Ru plaque radiotherapy.

Variable Median (range)
Tumor apex Dose, Gy 99.99 (84.99-133.8)
Dose rate, cGy/h 186.10 (56.99-389.5)
Macula Dose, Gy 35.98 (0-568.2)
Dose rate, cGy/h 51.07 (0-809.2)
Optic disc Center dose, Gy 19.9 (0-261.1)
Center dose rate, cGy/h 34.66 (0-268.4)
Lens Dose, Gy 0.045 (0-207)
Dose rate, cGy/h 0.091 (0-924)
Sclera Dose 265.2 (127-777)

Dose rate, cGy/h 509.7 (193.4-858.8)

there were 152 (100%) patients with initial visual acuity of
20/200 or better (Table III).

The actuarial probability of conservation of 20/40 or better
was 0.74 at 1 year, 0.59 at 3 years, 0.54 at 5 years after
treatment. The actuarial probability of conservation of
20/200 or better was 0.93 at 1 year, 0.84 at 3 years, 0.78 at
5 years after treatment. Best corrected vision after refraction,
3 years postoperatively, showed that 69 (45.4%) patients out
of 152 had vision loss, while 83 (54.6%) experienced no
change in visual acuity.

Visual acuity changes over time. Figure 1 shows the
distribution of the best corrected visual acuity in the study
subjects starting from baseline until 5 years postoperatively.
Figure 1A shows the baseline distribution of visual acuity.
Most of the patients affected by small to medium size
choroidal melanoma had good visual acuity before treatment.
Figure 1B shows that the greatest loss of vision occurred in
the interval of time between years 1 and 3, indicating that
this is the time interval in which most of the toxic effects
occur. In the interval of time between years 3 and 5 (Figure

Table IV. Univariate analysis of factors predicting visual acuity loss at
3 years.

Covariate™* p-Value
Age at diagnosis <0.0001
Longitudinal basal diameter <0.0001
Distance to the fovea <0.0001
Dose to the lens 0.031
Transversal basal diameter <0.0001
Gender 0.37
Diabetes 0.50

*Per unit increment.

1C), only a few patients experienced a reduction in visual
acuity, thus allowing us to determine that the visual acuity
achieved in the third year after treatment was maintained in
most cases.

Visual acuity predictive model. As stated in the Statistical
analysis and endpoints section, a logistic regression model
was built from the significant variables at the univariate plus
stepwise selection. We then represented this logistic
regression model as a nomogram (Figure 2), a decision
support system in which a clinician can input the values of
these covariates, and in which summing up the scores gives
a probability for visual acuity loss at 3 years. The change of
visual acuity over time in response to treatment allowed us to
identify 3 years postoperatively as the best time point for
calculation of predicted risk. In Table IV, a summary of
univariate testing is reported, showing clinical and dosimetric
parameters most predictive of significant risk of vision loss.
A higher age at diagnosis (p<0.001) and a higher basal
diameter (p<0.001) were associated with increased risk of
vision loss; a greater distance of the posterior tumor margin
from the foveola or the optic disk was associated with
reduced risk of vision loss (p<0.001).

On multivariate logistic regression analysis (Table V),
these factors remained significant contributors to loss of
visual acuity at 3 years (age: p=0.004; longitudinal basal
diameter: p=0.057; and distance to the fovea: p=0.0007,
respectively). No association with sex, systemic hypertension,
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Figure 1. Graphical representation of the visual acuity data distribution in the population included in the nomogram. Values towards 1 on the
horizontal axis represent good values whereas values towards 0 represent worse visual acuity. It is possible to see how the single humped curve
present at baseline tends to shift towards a double humped curve at 3 years, while remaining substantially stable at 5 years. A: Representation of
the baseline visual acuity distribution of patients included in our model. B: By analyzing the shift of the visual acuity on the curve it is possible to
determine that the greatest vision loss occurred between years 1 and 3, indicating that this is the time interval in which most of the toxic effects
occur. C: Between years 3 and 5, only a few patients experienced a reduction in visual acuity, as is apparent from comparing this curve with that
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in B; most kept the visual acuity achieved in the third year after treatment.

nor tumor thickness was found. An association with diabetes

Discussion

had been found in a preliminary analysis including patients

with baseline best corrected visual acuity <0.1, who were
excluded in the final analysis.
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radiotherapy

In this study, we report on visual acuity after interventional
with ruthenium plaque for choroidal melanoma.
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Figure 2. Nomogram to predict risk of visual acuity loss after 3 years. diag: Diagnosis; Dist: distance; L: longitudinal basal diameter.

The study focused on three different analyses: visual acuity
outcome, decline in visual acuity over time after
brachytherapy treatment, and the development of a visual
acuity predictive model. At the time of treatment, our study
population presented good baseline visual acuity in the
affected eye: =20/200 in 100% of patients and =20/40 in
86% of patients; after 3 years of follow-up, 59% of patients
retained a visual acuity of =20/40 and 84% acuity of
=20/200.

Other studies reporting on visual outcomes after
ruthenium plaque for choroidal melanoma comparable in
terms of the tumor size, at 3 years post-treatment, were those
from Damato et al. (18), with 78% =20/40 and 90%
>20/200, and from Summanem et al. (19), with a final visual
acuity of 20/200 preserved in 55% of patients.

In the COMS report examining visual outcomes at 3 years
after 1221 brachytherapy, 43% of patients had a visual acuity
of 20/200 or worse and 49% had a loss of six or more lines
from the pretreatment level (20). Patient selection and the
use of ruthenium plaque are probably important factors for
our success in visual acuity outcome.

From the fact that our population was composed of
patients with a relatively early diagnosis of uveal melanoma,
affected by tumors with a maximum thickness not greater
than 5.5 mm, it follows that the baseline visual acuity was
good. Visual acuity before treatment has been considered an
important prognostic factor for visual outcome, in fact
Cruess et al. had noted that patients with pretreatment visual
acuity of 20/40 or better were most likely to have the best
visual prognosis (21).

Additionally, the use of ruthenium plaque, offering less
toxicity compared to other radionuclides, was decisive for the
final functional outcome and for the result that 54.5% of the
population had experienced no change in visual acuity 3 years
after treatment. There are several possible mechanisms for
loss of visual acuity, each acting in a certain period of time

Table V. Multivariate logistic regression analysis at the 3-year end-point
for visual acuity loss.

Predictor Logistic regression p-Value
coefficient

Age at start of treatment 0.0083 0.004

Dose to the fovea 0.0312 0.057

Dose-rate to the fovea -0.0300 0.0007

in brachytherapy treatment. Baseline low visual acuity can be
caused by subfoveal tumor extension or tumor-induced
exudative retinal detachment involving the fovea. Post-
treatment loss can be immediate due to direct radiation
damage to macula and the optic disc due to the isodoses of
treatment, or late due to the release of vasoproliferative
factors and induced radiation optic neuropathy and radiation
maculopathy (18). Radiation optic neuropathy has been
reported to occur after a mean of 16.1 months (range=6.8-37
months) postplaque. The time to developing maculopathy
following irradiation has been described to range from 8 to
74.9 months, with a mean of 25.6 months (22). In our
population, the median time to developing radiation optic
neuropathy was 41 months postplaque, the median time to
developing radiation maculopathy was found to be 31 months
after plaque treatment and the range was 0-104 months. In
order to evaluate the decline of visual acuity over time after
brachytherapy treatment, visual acuity distribution curves
were analyzed before the start of treatment and 1, 3 and 5
years after therapy. The population analyzed had good visual
acuity before treatment, in detail 100% of patients =20/200
and 86% of patients =20/40. Our results were due to the
selection of patients with small to medium size melanoma
and to the exclusion of patients with subfoveal tumors. At 1
year from treatment, only a few patients with posterior tumor

385



in vivo 34 381-387 (2020)

localization and direct effect of radiation on macula and the
optic disc had experienced visual acuity loss. Most patients
experienced a visual acuity loss within the third year after
treatment, when the peak of maculopathy was reported.

Damato et al. proposed that loss of visual acuity is a delicate
relationship of a broad variety of factors, such as age, pre-
treatment visual acuity, basal diameter and tumor location (18).

While the exact mechanisms causing an impairment of
visual acuity are not fully understood, the assumption here is
that there are multiple reasons. From our multivariate analysis,
factors correlating with a worse post-treatment visual acuity
were age at start of treatment, longitudinal basal diameter and
distance of the posterior margin of the tumor from the foveola.
Systemic factors (e.g. hypertension and diabetes) have been
inconsistently reported as risk factors in predicting final visual
acuity (13). Our data also revealed that the distance of the
posterior margin of the tumor from the foveola was the
clinical factor most strongly associated with visual acuity loss.
Determining the overall risk of vision loss may help in patient
selection, in choosing the treatment modality and management
counseling. The evidence that preventing radiation
maculopathy may offer better final visual acuity results makes
works like this very useful. After ruthenium treatment, about
50% of patients did not need to undergo any procedure to
preserve visual acuity; the goal is to identify the other 50% of
patients for whom such preventive therapies can be highly
successful for visual acuity outcome.

The strength of this study’s data was that we reviewed the
patients ourselves at each follow-up. This allowed continued
and uniform follow-up patterns on all of the patients and a
rigorous standardization of visual acuity measured from the
same ophthalmologists at every follow-up control. The main
limitation of this study is represented by the fact that our
nomogram has not been externally validated using an
independent dataset originating from other institutions.
Therefore, an external validation of the proposed model using
a large database would be of great interest in order to confirm
our observations on a more heterogeneous population through
a reliable generalization process (23-25).

Conclusion
We identified the risk factors affecting visual outcome and

developed a predictive model and decision support tool (AVATAR
nomogram). This study is an extension of our preliminary work.
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