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Abstract

Purpose: The aim of this study was to evaluate the efficacy and vision-threatening complications of brachytherapy
with ruthenium-106 (*°Ru) plaque to treat uveal melanoma.

Material and methods: A literature review was performed based on results from searching PubMed, Embase, Web
of Science, Scopus, and Cochrane databases, using the following key words: “choroidal melanoma”, “uveal melano-
ma”, “brachytherapy”, and “ruthenium-106". We included studies performed on more than 30 patients since 1986,
reporting on local control rate, complications rate, mean radiation dose, and mean tumor thickness. The cumulative
analysis was performed using Metaprop command of Stata v.16, and meta-regression was conducted based on mean
tumor thickness and mean radiation dose to tumor’s apex.

Results: Twenty-one retrospective studies were selected, involving 3,913 patients treated primarily with ®Ru
plaque brachytherapy. The range of radiation dose to tumor apex was from 70 Gy to 250 Gy. The local control rate
following brachytherapy ranged from 59% to 98%, and the overall weighted mean of local control was 84%. However,
the heterogeneity between studies’ reports was remarkable (1> = 95.40%). Meta-regression based on tumor thickness
and mean dose of radiation to the apex showed that the studies’ heterogeneity was minimally related to the difference
in mean tumor size (I = 92%). The correlation between larger tumor size and lower local control rate was statistically
significant (p-value = 0.024). There was no significant correlation between the mean radiation dose and local control
rate (p-value = 0.679). The most commonly reported complications were cataract and radiation-related retinopathy.

Conclusions: Although the studies” heterogeneity was high, in a prescription dose ranging from 70 Gy to 250 Gy to
the tumor apex, '%Ru brachytherapy seems to be successful in local control of uveal melanoma. The efficacy of '%Ru
in controlling uveal melanomas decreased with the increase in tumor thickness. However, these outcomes should be
verified in randomized comparative studies.

J Contemp Brachytherapy 2021; 13, 3: 358-364
DOI: https://doi.org/10.5114/jco. 2021106191

Key words: uveal melanoma, choroidal melanoma, brachytherapy, complications, ruthenium-106.

titanium shells equipped with either low-energy pho-

Purpose . o . .
P ton emitter radioactive seeds or beta emitter isotopes.

Treatment of uveal melanoma has been revolution-
ized since the development of eye-preserving plaque
brachytherapy. Different radioactive isotopes have been
used as a brachytherapy source for treating these tumors.
In 1930, Moore used radon active seeds to treat a case of
choroidal melanotic sarcoma. In his report, radon seeds
of 1 millicurie strength were embedded in the tumor’s
thickest part [1]. Subsequent studies showed an evolu-
tion of ocular brachytherapy by introducing different
radioisotopes and delivery devices. Nowadays, ocular
brachytherapy plaques consist of gold, steel, silver, or

Iodine-125 (%°1), palladium-103 (*®*Pd), and cesium-131
(B1Cs) as low-energy photon emitter radioactive seeds,
and ruthenium-106 (1%Ru) as P emitter radioisotope,
have been used as the radioactive plaque sources.

Using '%Ru plaques for ocular melanoma began from
primary studies performed by Lommatzsch et al. [2]. The
half-life of 1%Ru can be six times as high as for 1% [3].
Moreover, the simplicity to implant over the sclera, lower
theoretical complication rate, and cost-benefit transporta-
tion to distant hospitals from manufacturer country (due
to longer half-life) can be considered as the advantages of
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using 1%°Ru rather than the other isotopes. On the other
hand, lower penetration power into the tumor has cre-
ated controversies over the use of beta emitter 1Ru in
cases of large choroidal melanomas.

The present study aimed to meta-analyze the effica-
cy of %Ru brachytherapy to treat choroidal melanoma,
review complications, and if applicable, to evaluate the
relationship between tumor thickness and local control
after brachytherapy with these kinds of plaques.

Material and methods

Our study consisted of 21 peer-reviewed retrospective
case series on the efficacy of 1%Ru brachytherapy to treat
uveal melanoma. PubMed, Embase, Web of Science, Sco-
pus, and Cochrane databases were searched considering
medical subject headings (MeSH) thesaurus for the litera-
ture published through July 31, 2020. Following key words
were applied: “choroidal melanoma”, “uveal melanoma”,
“brachytherapy”, and “ruthenium-106" for the title, ab-
stract, and keywords. Following the initial search, 872 pa-
pers were selected. Finally, extracted search results were
exported to EndNote (Clarivate Analytics, version X7),
as a known reference management software, and du-
plicated records were merged, resulting in 298 indexed
papers. Studies presented as reports in meetings and
conferences were not included in the review. We applied
the following inclusion criteria to extract relevant articles:
1) available English language text, 2) performed on malig-
nant uveal melanoma with or without involving anterior
uveal tumors, 3) containing reports about mean or me-
dian radiation dose to the apex of the tumor, 4) informa-

tion about mean or median follow-up time, 5) containing
reports on the percentage of local recurrence, 6) includ-
ing reports about the percentage of vision-threatening
complications, such as cataract and glaucoma following
brachytherapy, 7) using ®Ru brachytherapy as a single
primary treatment, 8) including more than 30 patients
(eyes). Data were independently mined by three authors
using a purpose-designed form. Following parameters
were extracted from each study: number of patients, mean
of tumor thickness (mm), follow-up time (months), radia-
tion dose to tumor apex and sclera (Gy), local recurrence
rate during follow-up (%), and rate of radiation-related
cataract, glaucoma, papillopathy, and retinopathy (%).
The present meta-analysis included the preferred re-
porting items for meta-analyses (PRISMA) checklist.
Metaprop command Stata v.16 (StataCorp, Texas, USA)
was used for data analysis. Estimates of the pooled pro-
portion of local control and related confidence interval of
95% were combined using the inverse variance method.
Between-study heterogeneity was assessed using Co-
chran Q and inconsistency index (%). It was considered
statistically significant when p-value was lower than 0.05,
or I2 was higher than 50%. In case of a significant hetero-
geneity (I> > 50%), a meta-regression analysis was used
to evaluate the relationship between local control esti-
mates and mean dose to the apex and mean tumor height.

Results

Twenty-one non-comparative observational studies
were selected for this meta-analysis (Figure 1). Table 1
summarizes the studies included with their main de-

c Records identified through database searching
o (# of PubMed/PMC results = 144) -, . .
45 (# of Web of Science results = 158) Additional rgfﬁ:i;ﬂigéﬁed through
g (# of Embase results = 273) (n=5)
g (# of Scopus results = 270)
o (# of Cochrane results = 27)
A A
o Records after duplicates removed (n = 298)
=
7]
& Y
&
Records screened (1 = 259) > Records excluded (n = 201)

\
2 Full-text articles assessed for eligibility - Full-text articles excluded,
:E (n =58) g with reasons (n = 21)
5
= Y

Studies included in qualitative synthesis
(n=37)
e
2]
E Y
E Studies included in quantitative synthesis
(n=21)

Fig. 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart summary
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Study ES with 95% CI Weight (%)
Jiang et al. —i— 0.87 (0.77, 0.98) 413
Espensen et al. = o 0.78 (0.73, 0.83) 4.95
Rospond-Kubiak ef al. i 0.86 (0.81, 0.92) 488
Pagliara et al. . 3 0.92 (0.88, 0.95) 518
Naseripour et al. —l— 0.82 (0.72, 0.93) 413
Fili et al. B 0.72 (0.69, 0.75) 5.23
Tarmann et al. . = 0.88 (0.83, 0.94) 497
Salkola et al. —— 0.91 (0.83, 0.99) 451
Takiar et al. | 0.97 (0.95, 0.99) 5.26
Perri et al. —- 0.83 (0.76, 0.89) 481
Papageorgiou et al. - 0.86 (0.81, 0.91) 5.01
Kaiserman et al. —l— 0.76 (0.66, 0.87) 416
Frenkel et al. . 0.86 (0.83, 0.89) 5.18
Mossbok et al. —i— 0.84 (0.73, 0.95) 412
Damato et al. . 0.98 (0.97, 0.99) 5.32
Novak-Andrejcic ef al. —il— 0.85 (0.76, 0.93) 4.44
Georgopoulos et al. —- 0.98 (0.92, 1.04) 4.86
Stoffelns et al. —— 0.92 (0.84, 1.00) 463
Kleineidam et al. i 0.82 (0.76, 0.88) 4.94
Summanen ef al. —i— 0.52 (0.43, 0.61) 431
Lommatzsch ef al. i 0.70 (0.65, 0.75) 5.00
Overall < 0.84 (0.80, 0.89)
Heterogeneity: 12 = 0.01, I2 = 95.40%, H? = 21.74
Test of 0; = 0;: Q (20) = 506.15, p = 0.00
Test of 6 =0: z =36.93, p = 0.00

0[.4 0‘.6 0‘.8 1‘.0

Fig. 2. Forest plot of 21 studies included in the meta-analysis to assess the efficacy of 1%Ru brachytherapy in the treatment

of uveal melanoma

scriptive characteristics [4-24]. Collectively, the studies
involved 3,913 uveal melanomas with 1%Ru brachyther-
apy plaques. The local control rate ranged from 59% to
98%, and the mean radiation dose to the apex of the tu-
mor ranged from 70 Gy to 250 Gy.

A random-effect model was used to analyze the effi-
cacy of the treatment. The treatment’s overall efficacy in
local control of the tumor was 84% (95% CI: 80-89%). The
Cochrane Q analysis’s p-value was less than 0.05, empha-
sizing the heterogeneity of the studies’ results (Figure 2).

As the > was 95.40%, the inconsistency between 1%Ru
efficacy reports was concluded. To explore the reason,
meta-regression analysis was performed based on the
mean of tumor height and the radiation dose to apex. Fol-
lowing meta-regression, the I2 index decreased to 92.52%,
which showed that the inconsistency was not related
to the heterogeneity between dose and tumor size (Fig-
ures 3, 4, and Table 2); however, the local control rate
of the tumors was correlated with the mean tumor size
(p-value = 0.024). More meta-regression and sub-group
analysis were not applicable.

The analysis of ocular complications was limited by
authors’ poor reporting and was reflected in large and dif-
ferent results reported in the literature. According to the

types of adverse effects, 14 studied described the rate of
complications following brachytherapy [5, 6, 8-10, 14-16].
The rate of post-treatment retinopathy ranged from 20%
to 53%. The rate of radiation-related crystalline lens opac-
ity ranged from 4.2% to 53.8%. Radiation-related papil-
lopathy and post-treatment ocular hypertension ranged
from 2% to 29% and 2% to 12%, respectively.

Discussion

Our meta-analysis revealed a remarkable heteroge-
neity between the studies reporting the efficacy of %Ru
brachytherapy to treat uveal melanoma. However, 19 out
of 21 reviewed studies reported a local control rate of
more than 70%, and the weighted mean of this rate
reached 84%.

Although the results are not conclusive, recent com-
parative studies have changed the primary concepts
regarding the inferiority of %Ru in local control of oc-
ular melanoma. In a retrospective comparative case se-
ries with 2.5 years of follow-up, it has been reported that
treatment with 1%Ru is as effective as 2°I [25]. Moreover,
it has been suggested that 'Ru brachytherapy may be
superior to 2’ when the intended primary outcome is

Journal of Contemporary Brachytherapy (2021/volume 13/number 3)
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Fig. 3. The relationship between local control rates and
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Fig. 4. The relationship between local control rates and
mean radiation dose to the apex of the tumor. Circles were
the surrogate for each study sample size

Table 2. The results of meta-regression based on tumor height and mean dose to the apex

Variable of Number of included Coefficients P-value 95% Cl Report of
meta-regression studies heterogeneity

Tumor height 19 -0.027 0.024 —-0.0518/-0.003 Q=15434
P-value < 0.001

P?=9252

Radiation dose 20 0.0002 0.679 -0.0010/0.0016 Q =497.04
to the apex P-value < 0.001

? =95.69

Cl - confidence interval

a reduction of thickness of melanoma. In another study
comparing long-term efficacy and safety profiles of 1%Ru
and I brachytherapy, it was reported that both meth-
ods resulted in favorable control of the tumor, but 1%°Ru
may provide additional benefit with reduced toxicity in
tumors less than 5 mm of height [3].

The lower penetration power of 1%Ru has limited its
usage for melanomas thicker than five mm [3, 26]. Lack
of reports on the effectiveness of '"Ru brachytherapy
in treating large uveal melanoma makes it impossible
to present a definite conclusion. In our study, 4 out of
21 reports have used %Ru brachytherapy for tumors with
a mean thickness of more than 5 mm, and reported rates
of local control ranged from 59% to 84%. However, based
on the negative slope of meta-regression, the thickness of
uveal melanoma may be a predicting factor for the suc-
cess of 1%°Ru brachytherapy, where the response of larger
tumors could be lesser compared to smaller melanomas.
Also, a minimal part of the heterogeneity in reported suc-
cess rates was related to the tumors” mean size.

Based on the previous reports and our analysis re-
sults, tumor location and radiation dose to the tumor’s
apex seem to be additional determinants of therapeutic
response to '%°Ru plaque brachytherapy. It was suggested
that the tumor location may be as important as the size of
the treatment’s efficacy. In a study by Barker et al., tumors
close to the edge of optic disc or the center of fovea, in ad-
dition to the cases with posterior tumor border near the
posterior pole, were significantly associated with a high-
er rate of local recurrence. It may reflect the importance
of tumor bulk coverage by the radiating plaque since, in
the same study, smaller plaque diameter relative to the

tumor’s largest base diameter was one of the predictors
of 1%Ru plaque brachytherapy failure [27].

In our meta-analysis, the correlation between the local
control rates and the apex’s mean dose was positive but
not statistically significant. Dose prescriptions for choroi-
dal melanoma typically ranged from 70 Gy to 100 Gy to
the tumor’s apex, with a treatment duration of 3 to 7 days.
Although it may be interpreted as the presence of sim-
ilar efficacy for different doses of apex radiation within
the range of 70 Gy to more than 100 Gy, further studies
should be conducted to evaluate this concept reliably. It
would be logical to use lower doses to diminish the treat-
ment’s short-term and long-term complications.

Predictably, the cumulative rate of local recurrence in-
creases during the follow-up period. In a recent retrospec-
tive study, the local tumor recurrence rate increased from
3% at 12 months to nearly 15% at 48 months [10]. Similar-
ly, uveal melanoma’s survival rates could decrease from
81.6% at five years to around 60% at ten years [10, 28]. Af-
ter plaque brachytherapy, patients included in this review
were followed for local control and complications with an
interval of 3 to 6 months, and a follow-up duration of 1 to
more than six years. The most common vision-threatening
complications of 1%Ru brachytherapy are retinopathy and
cataract. However, ocular hypertension and optic neurop-
athy were also reported as complications of this treatment
technique. According to the miscellaneous reports on the
complications, plaque brachytherapy has also been asso-
ciated with ocular surface disorders, sclera integrity, and
ocular muscle functions [6, 10, 13, 22]. These complica-
tions must be treated through standard protocols to pre-
vent loss of visual function and quality of life.

Journal of Contemporary Brachytherapy (2021/volume 13/number 3)
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It seems that the preservation of visual acuity has been
the primary goal of using beta-emitter isotopes in plaque
brachytherapy. In preliminary non-comparative reports,
assumed complications, such as neovascular glaucoma,
are less common in patients treated with '%Ru [2]. Ac-
cording to previous reports, main risk factors associated
with lower final visual acuity were older age, posterior
and temporal tumor location, larger tumor, and posterior
extension of the lesion [29]. Conservation of a visual acu-
ity better than 20/200 and finger-counting were expected
at long-term follow-up in 55% to 60% and over 80% of
eyes treated with 1%Ru, respectively [18]. Bergman et al.
reported that up to 50% of patients treated with ®Ru
were expected to have a visual acuity better than 0.1 in
five years after the treatment [30].

Conclusions

The present study involves a systematic review of
21 retrospective studies. Our review’s main limitation
was the retrospectivity of included studies, which made
it impossible to perform a formal meta-analysis, since
there were no randomized trials and prospective stud-
ies were rare. However, published studies suggest that
plaque brachytherapy with 1%Ru is successful in local
control of uveal melanoma. Cataract and retinopathy are
the main vision-threatening complication of radiation.
Although pooled data analysis reveals a higher success
rate in smaller tumors, this effect should be verified in
randomized comparative studies.
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