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Abstract

Background: To evaluate '®Ruthenium Brachytherapy in management of medium sized uveal melanoma, with
emphasis on 5-year outcome and toxicity.

Methods: From April 2007 to October 2015, 39 patients with medium sized uveal melanoma were treated with 106
Ru eye plaques brachytherapy. At the time of diagnosis, the mean tumor depth was 3.7 mm (+SD:1.6 mm). The
mean dose at the tumor apex was 1414 Gy (+ SD: 12.1 Gy) and 557.7 Gy (+ SD: 257.3 Gy) to the sclera.

Results: Mean follow-up was 69.5 months (+ SD: 53.8 months). Thirty-four patients (87.1%) remained free of
recurrence. Twenty-six patients (66.7%) demonstrated a complete tumor regression after a median period of 12
months (3-60 mon.). By the final examination, the visual acuity of 26 patients (66.7%) was better than 20/200, and
12 patients (30.7%) had a visual acuity better than 20/40.

Retinopathy was detected in 11 patients (28.2%). After treatments only one patient (5.1%) had active vascular
changes by the last examination. Moderate optic neuropathy was observed in 4 patients (10.3%). Cataract
development was diagnosed in 21 patients (53.8%), and 16 patients (41%) had bilateral cataract development.
Special emphasis was made on patients with larger tumors. Twelve out of the 39 patients had a tumor with a
depth of 5mm or more. There was no significant difference in local control or in side effects between both groups
observed.

Conclusions: Our study proved '°°Ru -brachytherapy to be an excellent treatment option with regard to tumor
control and preservation of the visual acuity in well-selected patients. Our data suggested that this treatment is also
suitable for tumors with a depth of more than 5 mm.

Keywords: Ruthenium, Radiotherapy, Plaque brachytherapy

* Correspondence: fraujiang@hotmail.com

'University Clinic for Medical Radiation Physics, Medical Campus
Pius-Hospital, Carl von Ossietzky University, Georgstrasse 12, Oldenburg,
Germany

Full list of author information is available at the end of the article

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s13014-020-01621-4&domain=pdf
http://orcid.org/0000-0002-7890-6713
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:fraujiang@hotmail.com

Jiang et al. Radiation Oncology (2020) 15:183

Background

Plaque brachytherapy has been well accepted for decades
as an efficient approach for treatment of medium sized
uveal melanoma. The largest prospective randomized
trial with over 1300 patients, the Collaborative Ocular
Melanoma Study (COMS), found no prognostic benefits
in patients who had undergone enucleation in compari-
son with plaque brachytherapy [1]. As an organ sparing
treatment, plaque brachytherapy has psychological bene-
fits and improves quality of life (QoL) of the patients
substantially. However, the optimization strategies of
plaque brachytherapy are under discussion. Different
isotopes such as '*°I, '*Pd, '®Ru, *°Sr and "*!Cs were
used for plaque brachytherapy and the treatment con-
cepts varied considerably between different institutes.

As a beta emitter, the radiation gradient surrounding
196 Ru is steeper than the gradient surrounding a gamma
emitter like '*°I or '*Pd. The radiation to distal critical
eye structures such as macula and optic nerve is there-
fore decreased during treatment with '°°Ru plaque ther-
apy. Traditionally, the use of '°Ru plaque therapy is
preferred in Europe and Asia. This treatment was com-
monly used to treat uveal melanomas with tumor depth
of up to 5 mm in the world [2, 3].

The treatment strategy of '°° Ru plaque brachytherapy
has been established for more than 20 years in our clinic.
We recently reviewed our treatments of '“Ru brachy-
therapy in patients with medium sized uveal melanomas
from 2007 to 2015 with emphasis on 5-year outcome
and toxicity.

Methods

The diagnosis, localization and tumor-size measurement
of uveal melanoma were performed using transilumina-
tion, fundoscopy, ultrasound, and other presurgical oph-
thalmologic examinations. Patients whose visual acuity
could no longer be saved underwent an enucleation. Pa-
tients with small or medium sized uveal melanoma up to
8 mm deep were treated with '®Ru eye plaques brachy-
therapy after ruling out contact with the optic disc or
macular, while those in the same group but with optic
disc contact or macular involvement were referred for
proton beam therapy. Other treatment strategies, such
as endoresection, transpupillary thermotherapy, photo-
dynamic therapy or chemotherapy were only considered
in cases of recurrence or metastasis.

Brachytherapy treatment

Patients remained hospitalized in appropriate rooms
during the brachytherapy treatment period. General
anesthesia was administered during the surgical proce-
dures. Ocular muscles would be relocated when they in-
terfered with plaque position, and then stitched back in
the original position after removing the plaque.
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Three types of ' Ru eye applicators were used in our
institute (Eckert & Ziegler BEBIG GmbH, Berlin,
Germany): CCA, CIB, CCB. To ensure that a safety mar-
gin of at least 2 mm was added on all margins of the
gross tumor volume (GTV), the chosen plaque was 4
mm bigger than the largest tumor in diameter.

Two patients with large tumor size, 17x12x6 mm and
18 x 5.1 x 3.8 mm in diameter, respectively, were treated
with two applicators, CCB and CIB, sequentially. After
the prescribed dose of the first implanted applicator
(CCB) was attained, the second applicator (CIB) was at-
tached near the CCB applicator before its removal.

Treatment planning was based on the source certifi-
cates of the eye plaques. In particular, the reference dose
rate at 2mm depth and depth dose rate curves were
used in an in-house Excel dose calculation sheet. Using
this calculation sheet the treatment time for the plaques
are computed considering the actual dose rate, depth
dose rate curves, and prescription dose at 2 mm of the
sources. The source certificates state an uncertainty of
dose rate at reference point of +20% (k = 2). Corrections
for tumor asymmetry or variations in concentricity of
the sources were not applied [4].

The fundoscopy and ultrasound were used to localize
the tumor. Transillumination was used to locate tumor
margins. The implant location enclosed the tumor and
the safety margin was marked at first with a pen on the
sclera. The Plaque was sewed to the marked position.
Uncertainties in positioning were taking into account by
using the 2 mm safety margin around the GTV. To en-
sure that a safety margin of at least 2 mm was added on
all margins of the GTV, the chosen plaque diameter was
4 mm more than the largest tumor diameter.

The treatment planning for the two patients with two
applicators were conducted as a standard treatment
plan. A consideration of partial dose overlap in the treat-
ment planning process was not possible. Nevertheless, it
was endeavored at the implanting to produce little geo-
metrical and thus dosimetric overlap only.

A pre-treatment plan was calculated with a prescribed
dose of 150 Gy at the apex of the tumor, taking into ac-
count that a cumulated dose of not more than 1200 Gy
should be delivered to the sclera, otherwise a clinical de-
cision must be made to treat the tumor. A depth of 1
mm corresponding to the sclera thickness was added to
the real depth measured. After the treatment, the ap-
plied plan was calculated and documented.

Treatment evaluation

Follow-up examinations were performed at 3-month in-
tervals for the first year, then twice a year thereafter up
to 5years after treatment. Sixteen patients had further
examinations annually.
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Tumor response was evaluated using fundoscopy and
ultrasound. Metastases were investigated routinely, and
additional use of imaging methods was applied in symp-
tomatic patients. Tumor size and visual acuity were doc-
umented on each follow up examination. Glaucoma was
defined as intraocular pressure (IOP) >21 mm Hg. Re-
currence was defined as the tumor growth more than 1
mm in any directions. Hemorrhagic or exudative tumor
enlargement was observed for regression prior to being
considered growth.

All statistical analysis was performed with SPSS v24.0
(SPSS, Chicago, IL). The numeric variables are expressed
as median and range or mean with standard deviation.
The rates of tumor response and the adverse events are
shown as percentages. Significance of the differences in
the tumor response and the adverse events between sub-
groups of patients were assessed by x2 tests. p < 0.05 was
considered statistically significant.

Results

Patient characteristics

From April 2007 through October 2015, 39 patients (26
females and 13 males) were treated with '°Ru eye
plaque brachytherapy in our institute. The median age at
diagnosis was 71.1years (Range: 37—-88years). At the
time of diagnosis, the mean tumor depth was 3.7 mm (+
SD:1.6 mm). For patients with a tumor depth less than 2
mm, documented growth before intervention was a pre-
requisite. The mean distance to papilla and macula was

Table 1 Patient characteristics
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6.6 mm (+SD: 2.8 mm), resp. 3.8 mm (+SD: 2.7 mm).
Two patients had previously received '>Ru brachyther-
apy with 140 Gy and 150 Gy, respectively.

Initially 38 patients (97.4%) had a visual acuity better
than 20/200. Twenty-three patients (59.0%) had visual
acuity better than 20/40. Mean dose at the apex of the
tumor was 141.4.0 Gy (+ SD: 12.1 Gy). The mean sclera
dose was 557.7 Gy (+ SD: 257.3 Gy) (Table 1).

Tumor response and visual acuity
The mean length of follow-up was 69.5 months (+ SD:
53.8 months). Thirty-four cases (87.1%) remained free of
recurrence. Five patients (12.8%) developed metastatic
disease. Three patients died during the follow-up period.
In 26 patients (66.7%) a total regression was achieved
after a median period of 12 months (Range: 3—60 mon.).
By the final examination, 26 patients (66.7%) had visual
acuity better than 20/200. Twelve of 23 patients (52.2%),
whose initial visual acuity was better than 20/40, pre-
served it after the treatment (Table 2).

Early and late treatment-related side effects
Retinopathy was detected in 11 patients (28.2%) after a
median period of 18 months (Range: 3—24 months). The
changes due to retinopathy responded well to laser ther-
apy. By the last examination, only 1 patient had active
vascular changes.

Moderate and mild optic neuropathy was observed in
4 patients (10.3%), and 2 patients (5.1%), respectively.

Patient variables Median Mean No. of patients %
Age (years) 71.1 (Range: 37-88)
Male 13 33.3%
Female 26 66.7%
Visual acuity > 20/40 23 59.0%
20/40-20/200 15 38.5%
<20/200 1 26%
Tumor depth (apical height mm) 3.7 (+SD:1.6)
<25 9 23.1%
25-50 18 46.2%
5.0-89 12 34.3%
Minimum distance to the papilla (mm) 6.6 (£SD:2.8)
Minimum distance to the macula (mm) 3.8 (+SD:2.7)
Plaque type CCB 20 51.3%
CB 6 15.4%
CCA 15 38.5%
Administered dose (Gy) 1414 (£SD:12.1)
Treatment time (hours) 112.8 (£SD: 73.7)

Scleral dose (Gy) 4440

557.7 (£SD:257.3)

(Range: 185-1271)
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Table 2 Treatment results in tumors with a depth of 25 mm versus <5 mm

Tumor depth (apical height) < 5mm =5mm p-Value
Patient number 27 12
Tumor recurrence 2 (7.4%) 3 (25%) 0.129
Retinopathy 9 (33.3%) 2 (16.7%) 0.286
Optic neuropathy 3(11.1%) 1 (8.3%) 0.792
Cataract of treated eye 15 (55.6%) 6 (50%) 0.748
Cataract both sides 12 (44.4%) 4 (33.3%) 0515
Hemorrhage 1 (3.7%) 0 0.499
Metastasis 1 (3.7%) 4 (33.3%) 0011
Visual acuity initial posttreatment initial posttreatment

> 20/40 15 (55.5%) 10 (37.0%) 8 (66.7%) 2 (16.7%)

20/40-20/200 11 (40.7%) 8 (29.6%) 4 (33.3%) 6 (50%)

<20/200 1 (3.7%) 9 (33.3%) 0 4 (33.3%)

Cataract development was diagnosed in 21 patients
(53.8%), and 16 of them (41.2%) had bilateral cataract
development. Excluding three patients with incomplete
documentation, no glaucoma patient was found.

Impact of tumor depth on treatment results

Special emphasis was made on patients with larger tu-
mors. Twelve of the 39 patients had a tumor with a depth
of 5mm or more. We compared the treatment results in
tumors with depth>5mm and <5mm (Table 2). Al-
though a better local control rate (92.6%) was observed in
tumors <5 mm, comparing to 75% in tumors >5 mm, the
difference is not statistically significant (p = 0.129). There
was no difference observed in side effects between both
groups (retinopathy 16.7% vs. 33.3%, optic neuropathy
8.3% vs. 11.1%). As expected, larger tumors were signifi-
cantly correlated with the risk of the metastases.

Discussion

Successful treatment of uveal melanomas with preserva-
tion of the eye and visual function is one of the great
achievements in oncology in the twentieth century.
Plaque brachytherapy as well as external beam radio-
therapy with charged particles therapy (CPT) can
achieve very high rates of local control and play an im-
portant role in eye preservation. However, it is still chal-
lenging to optimize radiation treatment especially in
larger tumors with regard to tumor control, visual out-
come and treatment related side effects.

In this study, the 5-year local control rate of uveal
melanomas after '%Ru eye plaques brachytherapy
reached 87.1%, which is consistent with the local control
rate of 89.7% reported by COMS report 19 [5]. However,
the local control failure of COMS study was defined as
the progression of the height of the tumor in 25%. When
1251 plaque therapy was applied, the rates of tumor con-
trolling varied from 88.2 to 94% in diverse studies [6—8].

The 5-year local recurrence rate of CPT was around 5%
[9-11]. Confounding factors that affect treatment out-
comes among different studies include the selection of
patients, tumor characteristics and the definition of the
recurrence rate. In our study, the 5-year tumor control
rate close to 90% is a good result and confirming the ef-
ficiency of '®Ru eye plaque brachytherapy for treatment
of uveal melanomas.

Intraocular side effects observed in our study were
rare. 28.2% patients developed retinopathy. However
only 2.6% patients had active vascular changes after the
treatment. 10.3% patients had optic neuropathy and
12.8% patients developed unilateral cataract. No enucle-
ation due to complications was necessary. Recently stud-
ies indicated that '"Ru eye plaque brachytherapy
generally causes fewer late complications than '*°I ther-
apy [8, 12]. A meta-analysis of CPT involving 7500 pa-
tients in 28 studies also revealed a low ocular toxicity
similar to our study. The pooled rate of radiation retin-
opathy was 0.28 (95% CI, 0.15-0.41), 0.34 for cataract
formation (95% CI, 0.15-0.53), 0.21 for optic neuropathy
(95% CI, 0.04-0.38), and 0.02 for enucleation due to
complications (95% CI, 0.00-0.04) [13] .

In a study of proton beam therapy involving 2413 pa-
tients, Desjardins and coworkers reported that 42% of
patients preserved visual acuity of more than 20/200
after a median follow-up of 98 months [14]. In this
study, the median size of treated tumor was 4.7 mm in
depth and additional treatment to improve final visual
results were used. The 3-year visual acuity of more than
20/200 was reported from 45 to 73% in several studies
after '*°I plaque brachytherapy [15-17]. In our study,
the preservation of useful vision (more than 20/200) was
achieved in 66.7% of patients after a median follow-up of
61.5 months, and 52.2% of patients (total number of 12)
kept their initial visual acuity better than 20/40 after the
treatment.
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Brachytherapy offers a variety of practical advantages. It
is a cost-effective treatment technique and can be offered
in a large number of radiotherapy centers. During brachy-
therapy, the plaque is attached to the eye wall so that the
intrafraction motion is reduced and neglectable, which is
an important advantage compared to external beam tech-
niques. Moreover, plaque brachytherapy results in less an-
terior segment complications due to the short distance
between the brachytherapy plaque and the target. Unlike
charged particle therapy, where patient’s cooperation and
comprehension are necessary, plaque brachytherapy can
be carried out without these pre-requisites. The good vis-
ual outcome and low intraocular side effects revealed by
our study prove that '®Ru brachytherapy is an excellent
treatment option in well-selected patients.

Barker and coworkers reported a high tumor recurrence
rate by '®Ru treatments with 75.5 Gy radiation doses deliv-
ered to the tumor apex [18]. Barker also suggested that the
brachytherapy-planning protocols used for '*°I, for example
COMS, were not sufficient for '®Ru plaque brachytherapy
due to the dosimetric difference between *I und '*Ru.
Three large '®Ru treatment series with a mean dose of 100
Gy to the apex reported 5-year local control rates at 78, 82,
and 84% respectively [19-21]. Another prospective study of
1%Ru brachytherapy on 450 patients reported that a 5-year
local control rate of 97.9% could be achieved if a minimal-
scleral radiation dose of 300-400 Gy was used [22]. It was es-
timated that 96% of those patients received more than 100
Gy apex dose, while 73% of them received more than 125 Gy
and 54% with more than 150 Gy [22]. Overall, more studies
are needed to determine the optimal treatment radiation
dose for '®Ru brachytherapy. What we reported in this
study showed that our protocol with up to 150 Gy at the
tumor apex was feasible, effective and safe.

In North America, 'Ru brachytherapy is normally
considered for tumors with a depth of less than 5 mm.
Our results showed that treatment of uveal melanomas
with an apex depth more than 5 mm (up to 8 mm in this
study) with '®°Ru brachytherapy was also possible. There
was no correlation between tumor depths and either
local control rates or late toxicity in our study. However,
our study showed that large tumors were correlated sig-
nificantly with higher metastasis rate. As a one-shot gen-
tle treatment, '%Ru plaque brachytherapy provides good
local control of the tumor and protects the visual acuity.
Overall, it improves the QoL of the patients.

Like other studies involving '®Ru brachytherapy, our
study has some limitations. First of all, the sample size is
small and the outcome is based on retrospective analysis.
Secondly, there have been changes in the whole treatment
concept over the past years; the use of additional therapies
like transpupillary thermotherapy, photodynamic therapy,
and other therapy modalities varied over time and might
have had an impact on the results. Moreover, direct
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comparisons of '°Ru brachytherapy with other therapies
in randomized trials are lacking.

Conclusions

The major findings in our study were the high local control
rate with '®Ru brachytherapy even in tumors with a depth
of more than 5 mm and the overall low acute and long-term
toxicities. Despite the limited number of patients, these re-
sults prove '“Ru brachytherapy to be an excellent treatment
option in clinical practice for uveal melanoma and should be
promoted in well-selected patients. The treatment is also
suitable for tumors with a depth of more than 5 mm.

Abbreviations

COMS: Collaborative Ocular Melanoma Study; '°°Ru: '*ruthenium;
125 %i0dine; '°%Pd: '%palladium; “°Sr: “strontium; '*'Cs: *'cesium;
CPT: Charged particles therapy

Acknowledgments
Some of the data are part of the doctoral thesis of Gerit Kandzia.

Authors’ contributions

PJ, KP performed data acquisition and participated in patient treatment, statistical
analysis and in drafting the manuscript. GK participated in treatment of the patients
and statistical analysis. DK, FAS treated the patients and participated in data acquisition.
UL participated in statistical analysis and revised the manuscript critically. JR participated
in patient treatment and revised the manuscript critically. JD participated in treatment
of the patients, drafting the manuscript and critically reviewed the data and the
manuscript. The authors read and approved the final manuscript.

Funding
The study did not receive any funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. This article does not contain
any studies with animals performed by any of the authors.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"University Clinic for Medical Radiation Physics, Medical Campus
Pius-Hospital, Carl von Ossietzky University, Georgstrasse 12, Oldenburg,
Germany. “Department of Ophthalmology, University Clinic
Schleswig-Holstein, Campus Kiel, Germany. *Department of Radiation
Oncology, University Clinic Schleswig-Holstein, Campus Kiel, Germany.
“Department of Nuclear Medicine, University Clinic Schleswig-Holstein,
Campus Kiel, Germany.

Received: 1 April 2020 Accepted: 15 July 2020
Published online: 29 July 2020

References

1. Collaborative Ocular Melanoma Study Group. The COMS randomized trial of
iodine '** brachytherapy for choroidal melanoma: V. twelve-year mortality
rates and prognostic factors: COMS report no. 28. Arch Ophthalmol. 2006;
124(12):1684-93.



Jiang et al. Radiation Oncology

20.

21.

22.

(2020) 15:183

Takiar V, Voong KR, Gombos DS, Mourtada F, Rechner LA, Lawyer AA, et al.
A choice of radionuclide: comparative outcomes and toxicity of
ruthenium-'% and iodine-'*° in the definitive treatment of uveal melanoma.
Pract Radiat Oncol. 2015;5(3):169-76.

Wilkinson DA, Kolar M, Fleming PA, Singh AD. Dosimetric comparison of
'%Ru and 125! plaques for treatment of shallow (<or=5 mm) choroidal
melanoma lesions. Br J Radiol. 2008;81:784-9.

Thomson RM, Furutani KM, Kaulich TW, Mourtada F, Rivard MU, Soares CG, et al. AAPM
recommendations on medical physics practices for ocular plaque brachytherapy:
report of task group 221. Med Phys. 2019, https//doi.org/10.1002/mp.139%.

Jampol LM, Moy CS, Murray TG, et al. The COMS randomized trial of iodine
125 brachytherapy for choroidal melanoma: IV. Local treatment failure and
enucleation in the first 5 years after brachytherapy. COMS report no. 19.
Ophthalmology. 2002;109:2197-206.

Perez BA, Mettu P, Vajzovic L, et al. Uveal melanoma treated with iodine-
125 episcleral plaque: an analysis of dose on disease control and visual
outcomes. Int J Radiat Oncol Biol Phys. 2014;89:127-36.

Correa R, Pera J, Gémez J, et al. (125) | episcleral plague brachytherapy in
the treatment of choroidal melanoma: a single-institution experience in
Spain. Brachytherapy. 2009,8:290-6.

Miguel D, de Frutos-Baraja JM, Lopez-Lara F, et al. Radiobiological doses,
tumor, and treatment features influence on local control, enucleation rates,
and survival after epiescleral brachytherapy. A 20-year retrospective analysis
from a single-institution: part I. J Contemp Brachytherapy. 2018;10(4):337-46.
Dendale R. Lumbroso- Le Rouic L, noel G, et al: proton beam radiotherapy
for uveal melanoma: results of curie Institut- Orsay proton therapy center
(ICPO). Int J Radiat Oncol Biol Phys. 2006;65:780-7.

Caujolle JP, Mammar H, Chamorey E, Pinon F, Herault J, Gastaud P. Proton
beam radiotherapy for uveal melanomas at nice teaching hospital: 16 years'
experience. Int J Radiat Oncol Biol Phys. 2010,78:98-103.

Gragoudas E, Li W, Goitein M, Lane AM, Munzenrider JE, Egan KM. Evidence-
based estimates of outcome in patients irradiated for intraocular melanoma.
Arch Ophthalmol. 2002;120:1665-71.

Browne AW, Dandapani SV, Jennelle R, et al. Outcomes of medium
choroidal melanomas treated with ruthenium brachytherapy guided by
three-dimensional pretreatment modeling. Brachytherapy. 2015;14:718-25.
Wang Z, Nabhan M, Schild SE, Stafford SL, Petersen IA, Foote RL, et al.
Charged particle radiation therapy for uveal melanoma: a systematic review
and meta-analysis. Int J Radiat Oncol Biol Phys. 2013;86(1):18-26.

Desjardins L, Lumbroso-Le Rouic L, Levy-Gabriel C, Cassoux N, Dendale R,
Mazal A, et al. Treatment of uveal melanoma by accelerated proton beam.
Dev Ophthalmol. 2012;,49:41-57.

Melia BM, Abramson DH, Albert DM, et al. Collaborative ocular melanoma study
(COMS) randomized trial of I-125 brachytherapy for medium choroidal melanoma. I.
Visual acuity after 3 years COMS report no. 16. Ophthalmology. 2001;108(2):348-66.
Aziz HA, Singh N, Bena J, et al. Vision loss following Episcleral brachytherapy
for uveal melanoma: development of a vision prognostication tool. JAMA
Ophthalmol. 2016;134(6):615-20.

Le BHA, Kim JW, Deng H, et al. Outcomes of choroidal melanomas treated
with eye physics plaques: a 25-year review. Brachytherapy. 2018;17(6):981-9.
Francis JH, Cohen GN, Marr BP, Wolden SL, McCormick B, et al. "% Ru
plaque brachytherapy for uveal melanoma: factors associated with local
tumor recurrence. Brachytherapy. 2014;13(6):584-90.

Espensen CA, Appelt AL, Fog LS, Gothelf AB, Thariat J, Kiilgaard JF.
Predicting visual acuity deterioration and radiation-induced toxicities after
brachytherapy for choroidal melanomas. Cancers (Basel). 2019;11(8):1124.
Lommatzsch PK. Results after beta-irradiation ('°*Ru/'“°Rh) of choroidal
melanomas. Twenty years' experience. Am J Clin Oncol. 1987;10:146-51.
Seregard S, Aft Trampe E, Lax |, Kock E, Lundell G. Results following
episcleral ruthenium plaque radiotherapy for posterior uveal melanoma. The
Swedish experience. Acta Ophthalmol Scand. 1997;75:11-6.

Damato B, Patel |, Campbell IR, Mayles HM, Errington RD. Local tumor
control after '°°Ru brachytherapy of choroidal melanoma. Int J Radiat Oncol
Biol Phys. 2005,63:385-91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 6 of 6

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1002/mp.13996

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Brachytherapy treatment
	Treatment evaluation

	Results
	Patient characteristics
	Tumor response and visual acuity
	Early and late treatment-related side effects
	Impact of tumor depth on treatment results

	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

