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Background: To compare iodine-125 (***I) with ruthenium-106 ('°°Ru) episcleral plaque
radiation therapy in terms of the effectiveness and non-inferiority for choroidal melanoma
treatment.

Objective: To report the non-inferiority of new made iodine-125 (**’I) compared with
ruthenium-106 (*°°Ru) episcleral plaque radiation.

Patients and Methods: A retrospective, non-randomized comparative case series. In this
series the patients treated with '*°I and '°°Ru episcleral plaques for choroidal melanoma
between September 2013 and August 2017 at Farabi Hospital are compared. Local control of
choroidal melanomas after '>°I and '®°Ru plaques implantation and vision changes are the
main outcome measures.

Results: A total of 35 patients were identified ('*’I = 15, '%Ru = 20). No significant
difference between two groups in visual acuity, diameter and thickness changes were
observed after treatment. Multivariate linear regression (MLR) analysis showed that final
diameter was only, independently and significantly, correlated with the pre-treatment dia-
meter of the tumor (B =0.59, 95% confidence interval [CI]: 0.29, 1.34, P=0.003). The same
MLR analysis for the final thickness and visual acuity, after adjusting for age and sex showed
no significant difference between two groups. A single patient treated with '®Ru had local
tumor recurrence with no one in the '2°I group. No statistical difference in the rate of ocular
complications was observed.

Conclusion: The treatment with our '*°I plaques is as effective as '®®Ru plaques in controlling
choroidal melanoma tumor and preserving the vision during the two and half year of follow-up.
The complication rates are alike. It means that the effectiveness of '*°I is not only comparable
to '°°Ru but also superior when the outcome of the interest is the thickness of the tumors.
Keywords: brachytherapy, choroidal melanoma, complication, local tumor control, '*I,

radiation, '°°Ru, tumor size, vision preservation

Introduction

Episcleral plaque radiation therapy (brachytherapy) is the treatment of choice for
small and medium-sized choroidal melanomas, while enucleation is the most
commonly used therapy for large-sized choroidal melanoma tumors.' Survival
rates between patients managed by '*’I brachytherapy compared to those managed
by enucleation were not different in the COMS Group (Collaborative Ocular
Melanoma Study Group) trial for medium-sized tumors, and a conservative
approach is more appropriate for these cases.’
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Brachytherapy is an accepted treatment for the manage-
ment of choroidal melanomas to preserve the globe, vision,
quality of life and cosmetic outcome.'™ This treatment is
a highly specialized therapy that needs experienced high
workload centers and an accurate coordination between
particularly trained personnel as team members.”

Since the first reports of using radon seeds radiation to
treat choroidal melanoma back to 1930, physicians have
used several isotopes as cobalt-60 (°°Co), iodine-125
(**I), ruthenium-106 (‘°°Ru), iridium-192 (***Ir), palla-
dium-103 ('®Pd) and strontium-90 (°°Sr) to treat these
tumors.* >

In this article, we report our single institutional, early
clinical outcomes of episcleral plaque brachytherapy using
121 plaques brachytherapy comparing with standard'®°Ru
plaque brachytherapy. This study reports the achievement
of local control of choroidal melanoma tumor during
a short time follow-up period in both brachytherapy with
125 and '"%°Ru.

Methods

This study is a retrospective, non-randomized case series. We
performed a chart review of patients treated with '>’I and
1%Ru for choroidal melanoma from September 2013 through
August 2017 at Farabi Hospital, Tehran University of
Medical Sciences. We thoroughly informed the patients
about the procedures and we obtained a written informed
consent. We followed the tenets of the Helsinki Declaration.
This study was approved by the institutional ethics commit-
tee of Farabi Multi-Specialty Eye Hospital, Tehran, IR Iran.

We extracted the treatment type, age, gender, affected
eye, tumor location, tumor height and maximum basal
diameter, presence of subretinal fluid, visual acuity, the
enucleation, the development of metastatic disease and
patients’ mortality.

A single-ocular oncologist (FG) examined all patients
before and after radiation therapy and we performed diag-
nostic ultrasonography during each examination. The main
outcome measure was local tumor control, defined as
decreasing or stabilizing the size of the tumor. Treatment
endpoints were tumor regrowth, enucleation, and patient
death. The follow-up time was the time of the first visit to
the last visit, in months. We excluded a single patient in
each group receiving transpupillary thermotherapy before
the treatment.

A radiation oncologist (FS) and a radio physicist (MA)
designated the dosimetry plan, upon the tumor features pro-
vided by the ocular oncologist (FG). All patients received

80-90 Gy radiation dose at the tumor apex. We included the
scleral thickness in the measurement of tumor thickness by
ultrasound. We included all the patients who had undergone
23] plaque therapy for their choroidal melanoma. At the
same time period, we treated small and medium-sized chor-
oidal melanomas with °°Ru plaques (Bebig, Eckert and
Ziegler Corp., Berlin, Germany). The selection of the type
of plaques was based on the tumor size, cost, market avail-
ability and rarely patient’s preference after giving enough
information in this nonrandomized study. We already
described the fabrication of '*°I plaques.>'® '*I plaques
were made by collaboration of Farabi eye hospital and
Radiation Application Research School (NSTRI).

The plaques adopted for COMS plaques are designed
and '*°I seed sources (each by 4.7 mm length and 0.8 mm
in diameter) are made (the activity of 4-6 mCi). The
1251 plaques are 14, 16, 18, 20, 22 and 24 mm diameter
round or notched and 1 mm thick gold shells. We used
silastic carrier for '*°I seeds inside the gold shells. The
gold plaque had a lip or edge shield that encircles the
plaque and extends on the sclera. Patients with peripapil-
lary tumors by an incident angle over 290°, measured from
the center of the optic disc, were ineligible for the
operation.

We modeled each brachytherapy case at the moment
with a plaque simulator to calculate doses and dose rates to
ocular tissues (Plaque simulator: BEBIG; 2008; version
6.4.4). We performed the plaques implantation and
removal as the standard protocol.>!”

Our hospital keeps all these brachytherapy patients
hospitalized during the irradiation. The plaque is typically
removed in the operating room under local or general
anesthesia. The seeds on the shell have been counted in
the operating room. The tumor and critical normal struc-
tures final doses have been calculated and recorded.
During the study period, however, we did not use diode
laser thermotherapy as routine adjuvant therapy for uveal
melanoma.

We followed the patient up at 1 and 4 months, and 4
months apart thereafter. Follow-up evaluation included
best-corrected visual acuity, ophthalmoscopic and ultraso-
nographic assessment of local tumor control and bra-
chytherapy-related complications. Radiation retinopathy
has been described as a slowly progressing microangio-
pathy with at least 3 findings as microaneurysms, retinal
hemorrhages, exudates, and cotton wool. For its diagnosis
fluorescein angiography (FA) and optical coherence tomo-
graphy (OCT) were used.
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According to the COMS, local failure was defined as
growth >15% increase in tumor size on ultrasound; >250-
mm increase in tumor border, extra-scleral extension, or
orbital recurrence.’

We did an analysis of data, using SPSS version of 20.0
(SPSS Inc., Chicago, IL, USA).

Visual outcomes, diameter and thickness changes were
compared between two treatments using the #-test. For
qualitative variables, chi-square test and fisher exact test
were applied. Multivariate analysis was performed using
linear regression test. The relation between visual acuity,
the greater basal diameter and the thickness of the tumor
and type of the treatment (‘*°I versus '°°Ru) adjusted for
age, sex and pre-treatment vision, greater basal diameter
and thickness, primary differences of these parameters and
the distance of the tumor margin from fovea and optic disc
and dose rate to the apex and the received dose of fovea
and optic disc were assessed.

Results

We studied 35 patients with unilateral choroidal melanoma.
The mean age at the time of treatment was 47.3 years (range,
21-77 years; standard deviation [SD], 13.8 years). There
were 14 females and 21 males. The tumor affected the right
eye choroid in 18 patients. The mean maximal basal diameter
of the tumor was 13.4 mm (range, 5-20.6 mm; SD, 3.6 mm).
The mean tumor height was 7.6 mm (range, 3—14.3 mm; SD,
2.9 mm). The mean pre-treatment vision was 0.98 LOGMAR
(range, 0-2.6; SD, 0.83 mm). All but one choroidal mela-
noma was pigmented. Subretinal fluid was present over and
around the tumors in 33 patients. The maximum tumor height
treated in the series was 14.3 mm in a 32-year-old drug
addicted man. He refused enucleation at all, despite our
insistence. He had a 12 x 8 x 14.3 mm choroidal, mushroom-
shaped, melanoma near inferior arcade. He felt a casual
shade on the vision (zero LOGMAR) at the time of diagnosis.
By 2.5 years of follow-up, at the completion of data collec-
tion in this study, the tumor remnant was 9.4 x 8.0 x 4.9 mm
with a visual acuity of 1.0 LOGMAR. The scleral received
dose was 431 Gy and the apex received dose was 82 Gy by
1251 plaque.

No patients had clinical evidence of extraocular extension
and lymph nodal involvement at the time of diagnosis. The
mean follow-up of these patients was 29.7 months (range,
15-54 months; SD, 9.0 months). Sub-retinal fluid disappear-
ance was present in 25 (71.4%) of these tumors. Ciliary body
was affected at the edge of 7 (20%) tumors (5 in 106Ry
group). No patient had iris melanoma in our series. Chest

and abdominal imaging and liver function test were per-
formed for all patients. No metastatic disease and patient
mortality was recorded during this follow-up period. The
main complications and new systemic findings during fol-
low-up period are presented in Table 3. There was no statis-
tical difference in overall complications in both groups
(P=0.477).

There were 15 patients treated with >’ and 20 patients
with '®Ru episcleral plaque radiation therapy. Table 1 sum-
marizes the clinical features of the patients, tumors and
received doses. We enucleated a single eye because of re-
growing of the tumor in '’°Ru group, confirmed in consecu-
tive two follow-ups. Pathology report affirmed the diagnosis.
The pretreatment diameter was 16.5x15.0 mm with 7 mm of
thickness. The absence of regrowth in '*°I episcleral plaque
radiation and small sample size, in this follows up period,
impeded reliable comparison between two groups.

Visual acuity, diameter and thickness changes during
the follow-up period in both treatment groups were com-
pared using independent #-test. No significant difference
between two groups was observed after treatment.

Pre-treatment visual acuity was 20/200 or better in 35
patients (60%). In '°°Ru group, 14 cases (70%) had pretreat-
ment visual acuity of 20/200 or better and for the '*°I group it
was 7 cases (46.7%) (P=0.04) (Table 1). Post-radiation last
visual acuity was 20/200 or better in 12 cases (60%) in '*°Ru
patients and 5 cases (33%) in '*I group (P=0.34). The visual
acuity change in '®°Ru was 0.30 (range, —2.2-2.3; SD, 1.1)
LOGMAR and in '*’I was 0.16 LOGMAR (range, —1.7-2.1;
SD, 1.0) (P=0.71).

Multivariate linear regression (MLR) analysis showed
a significant correlation between the last diameter and the
pre-treatment diameter after adjusting to age, gender,
tumor thickness and dose rate (f=0.59, 95% confidence
interval [CI]: 0.29, 1.34, P=0.003). This correlation was
independent to the type of treatment.

The same MLR analysis for the final thickness showed
no significant difference between two groups, after adjust-
ing for age, sex, tumor first thickness and dose rate.

The final vision by MLR showed no significant differ-
ence between two treatments after adjusting with covari-
ates like age, sex, first largest diameter and thickness of
the lesion, dose rate and fovea and optic disc received dose
(P>0.05).

After covariates adjustment (age and gender), MLR
showed a significant correlation between the final vision
and the distance of the tumor margin from fovea (f =-1.25,
95% CI: 0.02, 0.26, P=10.02) and optic disc (B=1.10, 95%
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Table | Clinical Characteristics and Outcomes of Patients with
Melanoma Treated with Two Types of Radioactive Plaques
(|25| Vs |06Ru)

1%Ru 125) P value
(20 Cases) | (15 Cases)

Age (year) 48.3+2.7 47.314.1 0.97
Sex (F/M) 10/10 4/11 0.19
Laterality (R/L) 10/10 8/7 1.00
VA 0 (LOGMAR) 0.8+0.2 1.3+0.3 0.37
Diameter 0 (mm) (meanxSD) 12.4£0.8 14.0£0.7 0.16
Thickness 0 (mm) (mean%SD) 5.9+0.5 9.8+0.6 <0.0001
Location 0.79

Choroid 15(75%) 13(85.8%)

Choroid-CB 5(25%) 2(14.2%)
Antero-posterior/quadrantic 0.04
location
Posterior pole 3(15%) 1(6.7%)
Peripapillary 1(5%) 0(0%)
Superior 8 (40%) 2(13.3%)
Nasal 2(10%) 4(27.7%)
Inferior 3(15%) 8(53.3%)
Temporal 3(15%) 0(0%)
Cataract at the time of diagnosis 6(30%) 9(60%) 0.09
Distance to optic nerve head 5(0-20) 3.98(0-15) 0.50

(median-range per mm)

Distance to fovea head (median- 3.25(0-20) 4(0-15) 0.34
range per mm)
SRF 15(75%) 12(85.7%) 0.67
SRF disappearance (month) (mean 4.6£1.3 9.9£2.0 0.03
+SD)
FU (month) (mean+SD) 30.3x2.1 29.3+2.4 0.83
VA last (LOGMAR) 0.90+0.3 1.4£0.2 0.12
Diameter last (mm) (mean+SD) 9.4+1.2 12.8%1.0 0.11
Thickness last (mm) (mean+SD) 4.9+0.9 7.5+0.7 0.01
Base dose (Gy) (mean*SD) 610.1 523.6 0.48
+391.1 1355
Apex dose (Gy) (mean+SD) 83.4+9.3 80.7+11.8 0.49
Fovea dose (Gy) (meantSD) 63.7+9.3 88.7+6.1 0.50
Optic disc dose (Gy) (mean+SD) 19.6£2.2 60.0+3.7 0.0001
Lens dose (Gy) (meantSD) 7.1£2.1 53.6x2.6 0.0001
Apex dose rate (Gy/h) (meantSD) | 0.82+0.47 0.45£0.13 0.007

Abbreviations: CB, ciliary body; FU, follow-up; Gy, Gray; h, hour; ', iodide 125;
L, left; mm, millimeter; SD, standard deviation; R, right; '°Ru, ruthenium 106; SRF,
subretinal fluid; VA, visual acuity.

CI: -0.02, 0.04, P=0.01). This correlation was independent
to the type of treatment.

Considering the fact that height and diameter of the
tumors at the baseline of the study were different in two
intervention groups, we applied MLR analysis to control an
important methodological issue named “confounding by
indication.”

Table 2 shows that by applying MLR analysis to assess
the effect of '*°I compared to '®Ru on three different

Table 2 Multivariate Linear Regression (MLR) Analysis to Assess
the Effect of Intervention ('*°l vs '"Ru) on Three Different
Outcomes as Visual Acuity, Height and Diameter of Tumors
After Adjusting for Primary Differences

MLR Beta | P value

Intervention (‘%I vs '%Ru) 0.20 0.24

Mean difference of visual acuity at baseline —0.17 | 0.31

between groups

Dependent Variable: Visual Acuity after

intervention

Intervention (‘%I vs '%Ru) 0.39 0.02

Mean difference of tumors’ thickness at baseline | 0.16 0.30

between groups

Dependent Variable: Height of tumor after

intervention

Intervention (‘%I vs '%Ru) 0.23 0.16

Mean difference of tumors’ diameter at baseline | 0.26 0.12

between groups

Dependent Variable: Diameter of tumor after

intervention

Abbreviations: MLR, multivariate linear regression analysis; 'ZSI, iodide 125; I06’Ru,
ruthenium 106.

outcomes (visual acuity, thickness and diameter of
ophthalmic tumors) adjusting for baseline differences,
there is no priority between two interventions. This com-
parison was significant in favor of '*°I in terms of tumor
thickness (B=0.39, P=0.02). To make it simple, it means
that the effectiveness of '?°I is not only comparable to
1%Ru but also superior when the outcome of the interest is
the thickness of the tumors.

Discussion

The study showed that treatment with our '*°I plaques was
as effective as '°°Ru brachytherapy to control choroidal
melanoma basal diameter and vision preserving during
a 30-month follow-up period. With regard to the decrease
in lesion thickness, '*°I plaques are more active than '*°Ru
plaques.

One of the reasons for the increase of brachytherapy
application may be its assumed normal tissue sparing
potential.® In a retrospective study comparing the outcomes
of patients with choroidal melanoma treated with '*°I and
%Ry brachytherapy or proton beam radiation therapy
(PBRT), patients treated with PBRT had a more rapid and
substantial loss of vision than the ones treated with
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Table 3 Complications and Other Systemic Findings During the
Follow-Up Period in Patients with Choroidal Melanoma Treated
with Two Types of Radioactive Plaques ('*°I vs '®Ru)

16R, 125)
(20 Cases) (15 Cases)

Radiation retinopathy 2 2

Radiation neuropathy |

Occluded vessels 2

CWS | |

Preretinal hemorrhage | 2

Cataract 4 5

Glaucoma 3 2

Recurrence |

No decrease in size after | year | |
SRF >1y |
Dilation of aorta |
Injected conjunctiva and |
lacrymal gland area
Conjunctival melanoma |
Breast cancer
Bronchiectasis
Thyroid nodule
Polycystic kidney

Polycystic ovary |

Notes: One of the patients in our 125 group had radiation retinopathy, radiation
neuropathy, and occluded vessels that are separated in this table.
Abbreviations: CWS, cotton wool spot; SRF, subretinal fluid; '*°I, iodide 125;
'°6Ru, ruthenium 106.

brachytherapy.'® The most commonly used radioactive
sources to manage uveal melanoma with brachytherapy are
beta emitters such as '"°Ru or *°Sr plaques and low-energy
gamma emitters such as '>°I or '*Pd plaques.”™"”
Preservation of useful visual acuity is principal goal of
beta-ray treatment. In a long-term study, Lommatzsch and
colleagues reported the predictability of a slow deterioration
in visual acuity after '°°Ru treatment to less than 20/200 (in
67.4%) and to no light perception (NLP; in 34.0%).' Three
years post-treatment, significant loss of visual acuity, defined
as loss of six lines or more from baseline, was observed in
49% of the eyes treated with '*°I (COMS), and 43% of them
demonstrated the vision of 20/200 or worse.'® Other series
utilizing '*°I episcleral brachytherapy showed similar or
superior preservation of visual acuity over a longer follow-
up period.'***>** Radiation maculopathy, radiation-induced
optic neuropathy and/or retinopathy, exudative retinal
detachment, vitreous hemorrhage, cataract, neovascular
glaucoma and/or enucleation are the most frequently recog-

nized mechanisms for visual loss in such patients.'”

In the current study after a 30-month follow-up, in '°°Ru
group, 60% (n=12) of the patients reserved 20/200 vision or
more. We also achieved this outcome in 33% (n=5) of the
1251 cases. According to the results, we observed a desirable
trend in visual gain within 24 months post-treatment in the
1231 group. Choroidal melanoma basal diameter and thick-
ness and even pre-treatment vision were not influential
predictors of the final vision in the current study in either
group. It seems that regardless of the plaque, the distance
between the tumor and fovea and the optic disc has an effect
on the final visual acuity.

A previous study demonstrated that the curve for local
tumor control did not plateau within the first 5 years of '°*Ru
treatment.>* Papageorgiou and colleagues reported the con-
trol rate of 85.7% (14 recurred while 13 did not respond) in
their 189 patients treated with '°°Ru plaques during 33
months of follow-up.”* In a recent retrospective study on
143 eyes with uveal melanoma treated with '°°Ru plaque
brachytherapy, the estimated local tumor recurrence rates at
12, 24, and 48 months after irradiation were 3%, 8.4%, and
14.7%, respectively.”> A comparative study showed that five-
year melanoma recurrence rates were 11% and 4% in '*Ru
and '*I plaque brachytherapy, respectively.'® Lommatzsch
and colleagues reported a higher recurrence rate of 37%
fifteen years after using '®Ru plaque brachytherapy.'? The
control rate after '*I plaque treatment of choroidal mela-
noma was 95% during the first 10 years after plateauing at 3
years.?® This result was favorably comparable to the COMS
study, where the 5-year local control rate was reported as
89.7%.'* Similar results were found in other institutional
reports.''*"" In the current study, the lesion recurred only
in a single case (4%) of '"Ru group and that eye was
enucleated and confirmed in the pathology report. The pre-
treatment diameter was 16.5x15.0 mm with 7 mm of height
in this case.

The decrease in tumor diameter and thickness showed
a comparable course during a 30-month period in the two
groups in the current study. In terms of the type of treat-
ment, only the pretreatment diameter was correlated with
the final diameter. Tumor size (largest basal diameter and
thickness) is one of the most important clinical prognostic
features of uveal melanoma.**' 3 Due to the short follow-
up period and small sample size, the prognostic factors
could not be assessed with the current study database. The
current study has no sufficient power for evaluating the
type of regression pattern.’**> According to the radiation
dose, the application of '"°Ru plaque brachytherapy is
limited by a steep dose-gradient in tissue, with the upper
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limit of penetration judged to be approximately 5 mm.'**¢

That is to say, in '°°Ru plaques (as compared with '*°I or
193pd), the dose deposition of the plaque to the basal part
of the tumor can be nine times more than that of the apex
dose.?* Therefore, this radioisotope is only suitable for
small to medium-sized melanomas. In contrast, centers
using %I or '*Pd plaques do not restrict their treatments
based on tumor thickness.” In the present study, the cases
had comparable apex and basal doses in both groups,
despite a higher apex dose rate in '’’Ru. The mean apex
dose rate in the patients was 0.82 Gy/hour for '®°Ru
compared with 0.45 Gy/hour for '*I plaques (Table 1).

Complications after eye plaque are caused by radio-
therapy-specific factors (dose, dose rate, dose volume) and
tumor-related factors (eg, tumor size, location, and its
biologically variable response to irradiation).>’*® Due to
different methods of dosimetry and tumor characteristics
in different studies, it is difficult to compare different
studies for the rate of complication. Radiation retinopathy
and cataract are the most common complications.*”*° The
rate of the radiation retinopathy was reported to be up to
95%.*! Another study comparing the '*°I with '*°Ru pla-
ques in the tumors less than 5 mm thickness reported the
radiation retinopathy in 50% and 74%, respectively, at 5
years of follow up.*’ The rate of cataract was 3% and
37%, consequently, at the same time. In our study, the
rate of radiation retinopathy was 13.3% for the '*°I and
10% for 1°°Ru plaques. Vascular occlusion as simulta-
neous arteriolar and venular occlusions were observed
only in the Iodide group. Overall, in 30 months of follow-
up, no statistical difference in the rate of ocular complica-
tions was observed in this study.

Our study faced an important methodological issue
named “confounding by indication.” The patients with
more severe illness are likely to receive more intensive
treatments, and when comparing the interventions, the
more intensive intervention will appear to result in poorer
outcomes. This is called “confounding by severity,”
emphasizing that the degree of illness is the confounder.*'

Confounding by indication is not conceptually different
from confounding by other factors, and we controlled it by
multivariate adjustment (MLR adjusted it to the primary
differences of the measures).**** Concluding this analysis,
it is shown that after adjusting for baseline differences,
there was no significant difference between the two inter-
ventions considering regression in the thickness and dia-

meter, recurrence and vision.

There are several other limitations that should be con-
sidered in this retrospective series. The most important
ones are the short follow-up period for local recurrence,
small sample size, study and the risk of bias arising from
the retrospective collection nature and single center of the
study. Because regrowth or complications after irradiation
reached a peak during the first 3 years after treatment,'”
the findings should be treated more carefully.

Conclusion

In summary, by an average of 30-month follow-up,
1231 plaque radiotherapy resulted in 100% local control rate
and vision preservation in 33% of cases by an average 2.5
years of follow-up. Patients treated with our '*°I plaques
experienced no new complications, which might preclude its
acceptance. Our '?’I plaques were comparable with '"°Ru
plaques brachytherapy in terms of efficacy and globe and
vision saving even superior regarding thickness control.
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