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CASE REPORT

Gamma Knife radiosurgery for locally 
recurrent choroidal melanoma following plaque 
radiotherapy
Osama A. Sorour1,2, John E. Mignano1 and Jay S. Duker1*

Abstract 

Background:  For the majority of eyes with choroidal melanoma, radiation therapy is the treatment of choice. Local 
recurrence after radiation therapy can occur, however, and when it does, salvaging the globe with useful vision is 
atypical.

Case presentation:  We report a case of late, local failure 7 years following previous brachytherapy successfully man-
aged with Gamma Knife radiosurgery (GKR). With 3 years of follow up after GKR, the visual acuity is 20/20 and there is 
no evidence of systemic metastases.

Conclusion:  To our knowledge, this is the first report of successful salvage GKR therapy after brachytherapy fail-
ure in an eye with choroidal melanoma. GKR is an option for select cases of local recurrence after radiation plaque 
brachytherapy.
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Background
Choroidal melanoma, although rare, is the most common 
primary intraocular malignancy in adults with reported 
incidence of 5.1 per million people [1]. The tumors usu-
ally presents as a dome-shaped mass with a smooth 
surface. If there is tumor growth through Bruch’s mem-
brane a mushroom configuration can be observed. Cho-
roidal melanoma is usually pigmented (55%), but may 
be nonpigmented (15%), or exhibit mixed color (30%). 
The diagnosis is largely based on clinical examination 
and ancillary testing. Occasionally biopsy is used. Serial 
examinations with ancillary testing to confirm growth 
may be necessary in some cases [2].

Ultrasonography plays an important role both in 
diagnosis and follow up of the patient. Features include 
acoustic hollowing, choroidal excavation and orbital 
shadowing [3]. Other imaging techniques like fluorescein 
angiography (FA) and indocyanine green angiography 

(ICG) are of limited value in management of choroidal 
melanoma. A ‘double circulation’ pattern may be seen in 
tumors infiltrating through Bruch’s membrane with FA 
[4]. ICG offers better visualization of melanoma vascula-
ture and may help in differentiating choroidal melanoma 
from hemangioma in certain situations [5].

Worldwide, plaque radiotherapy (brachytherapy) is 
the most common treatment for choroidal melanoma. 
Various isotopes have been used for brachytherapy, the 
most common are the gamma emitting radionuclides; 
iodine-125, cesium-131, and palladium-103. Ruthe-
nium-106, which emits β-particles, can be used as well 
however its limited tissue penetration of 4–5 mm; makes 
it suitable only for tumors less than 5 mm in height [6].

Stereotactic radiation therapy using Cyber Knife, 
Gamma Knife, or linear accelerator as well as charged 
particles (protons) have been used successfully in the 
management of choroidal melanoma. Results of over-
all survival, visual outcome, and local tumor control, in 
patients received stereotactic radiation appear equivalent 
to those undergoing plaque radiotherapy [7, 8].
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Case presentation
A female patient aged 36 years was seen initially in Sep-
tember of 2007, complaining of floaters in her right eye. 
Examination revealed a choroidal pigmented periph-
eral mass that measured 2.9  mm in thickness on ultra-
sonography (Fig. 1). Observation was recommended. At 
3 months follow up, the lesion had increased to 3.8 mm 
in thickness, and the diagnosis of choroidal melanoma 
was made. Systemic evaluation was normal In December 
2007 she underwent treatment via low-dose-rate tempo-
rary plaque brachytherapy. A 16  mm Choroidal Ocular 
Melanoma Study (COMS) applicator was loaded with 
13 cesium-131 sources and was used to deliver a dose of 
85 gray (Gy) to a prescription height of 5  mm, over an 
implant duration of 117.5 h.

Three years later, after uncomplicated cataract surgery, 
her visual acuity was 20/20, there was no evidence of 
radiation retinopathy and the lesion appeared regressed 
with a thickness of 3.1 mm via ultrasonography.

Seven years after brachytherapy, on routine yearly fol-
low-up examination, the thickness of the tumor meas-
ured by ultrasound appeared to increase to 3.99 mm. As 
she was pregnant at the time, it was decided to observe 
the lesion. Following delivery of a healthy baby, and sub-
sequent confirmed growth to a thickness of 5.7  mm, a 
fine needle aspiration biopsy was performed (Figs. 2a and 
3a). 

Cytology was positive for choroidal melanoma and 
genetic profile (Castle Biosciences) test revealed a Class 
2 tumor. A restaging evaluation was completed and 
was negative for metastatic disease. As the patient had 
excellent vision in the treated eye, and the lesion was 

peripheral, a decision to proceed with re-irradiation via 
GKR as opposed to enucleation was made.

GRK was performed in March 2015. The retrobulbar/
peribulbar nerve block was performed in standard fash-
ion as was placement of the stereotactic headframe. 
For target localization, T1 contrast enhanced and T2 
weighted MRI sequences were obtained as per routine 
for GRK treatment planning. At that time the melanoma 
volume was ~ 0.2  mL and the radiosurgery delivered a 
dose of 20 Gy to the 50% isodose line via a plan consisting 
of 3 isocenters of 4 mm collimation and 2 isocenters of 
8  mm collimation. Custom sector blocking was utilized 
to increase the isodose conformality. With this treatment 
plan the minimum peripheral tumor dose was 21.75 Gy 

Fig. 1  Color fundus photography of the patient at initial presentation 
in September 2007, showing far peripheral pigmented choroidal 
mass (blue arrow), that revealed to be melanoma

Fig. 2  Color fundus photography of the patient a immediately 
before GK radiosurgery the lesion has increased in basal thickness 
and appears enlarging and to extend beyond the previous line of 
stabilization, and b in December 2017 the tumor continued to regress 
after the GKR, note the green arrow illustrating change from active 
fleshy tumor to atrophic one
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and the maximum point dose within the optic nerve was 
4  Gy. This dose was well within generally accepted lim-
its for the optic nerve, even considering the previously 
received scatter dose from the patient’s brachytherapy.

Follow-up revealed excellent early results with decrease 
of tumor size to 3.79 after 4 months. At the last follow-up 
visit, 3 years after GKR, the visual acuity remained 20/20, 
and tumor thickness was 3.31  mm with stable lesion 

borders. There was no radiation retinopathy nor evidence 
of systemic metastases (Figs. 2b and 3b).

Discussion and conclusions
Since radiation therapies, such as brachytherapy, appear 
to offer the same survival outcome versus enucleation 
for medium-sized choroidal melanomas (i.e. with basal 

Fig. 3  Ultrasonography of the patient a immediately before GK radiosurgery: tumor has increased in thickness to 5.7 mm after years of stabilization, 
and b in October 2017 the tumor has successfully shrunk after GKR to be 3.59 mm
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diameter < 16 mm and thickness 2.5–10 mm), they are the 
first treatment choice in most cases [9, 10].

GKR was first applied in the treatment of brain tumors. 
This technique delivers a single dose of ionizing radiation 
to a relatively small target with a steep decrease of dose 
at the margins. Various studies suggest GKR has similar 
efficacy to proton beam therapy and plaque brachyther-
apy for the treatment of choroidal melanoma [11, 12]. 
However, this technique has been associated with high 
reported rates of radiation retinopathy and neovascular 
glaucoma [13, 14]. Appropriate ocular fixation represents 
some challenge to this technique. Higher ocular morbid-
ity was reported in treating melanoma larger than 8 mm 
thick. Larger dose than 10  Gy/fraction were associated 
with greater risk radiation-induced inflammation [15].

In the case reported herein, our patient has a base 
thickness of choroidal melanoma of 5.71, and dose-plan-
ning took in consideration the previous radiation treat-
ment to deliver the optimum dose of radiation and lessen 
potential hazards. The minimum peripheral tumor dose 
was 21.75  Gy and the maximum point dose within the 
optic nerve was 4 Gy [16].

Although local treatment failure is a recognized com-
plication of choroidal melanoma radiation treatment, few 
publications have addressed this issue. Patients with local 
recurrence may have an increased risk of metastasis and 
decreased survival [17]. Moreover, re-treatment options 
of those patients are limited. Some local recurrences can 
be treated with focal laser, cryotherapy, or laser hyper-
thermia but the majority undergo enucleation [18].

The reported rates of local recurrence vary depending 
on tumor location and thickness. In a large study com-
prising 650 patients, and follow up of 60 months after 
iodine-125 brachytherapy the local failure rate was 
10.3% [19]. Local recurrence rate of 9% was reported 
in 75 patients undergoing GKR [14]. In a meta-analysis 
of local treatment failures across various centers, it was 
found that radiation therapy was superior to surgical 
and laser modalities of treatment for achieving local 
tumor control. Weighted mean failure rates were 6.15% 
for radiation, 18.6% for surgical, and 20.8% for laser 
treatments, also, there was no difference in failure rates 
between various isotopes used for brachytherapy. The 
rate of local treatment failure with GKR appears similar 
to that of brachytherapy, however, the risk of radiation-
induced side effects may be higher [18]. In our case 
the tumor’s initial thickness was less than 4 mm which 
would make the incidence of recurrence less likely, 
however there was local tumor recurrence 7 years after 
brachytherapy.

In the presented case GKR was used as an eye preserv-
ing salvage therapy after late local recurrence of ocu-
lar melanoma. With 10  years of follow up after initial 

diagnosis there is no sign of systemic metastases. Despite 
two radiation therapies and cataract surgery, the vision in 
the treated eye remains 20/20. We believe this is the first 
successful case of GKR for local failure after brachyther-
apy. GKR may be an option for select cases of local recur-
rence after radiation plaque brachytherapy.

Abbreviations
EDI-OCT: enhanced depth imaging optical coherence tomography; FA: 
fluorescein angiography; ICG: indocyanine green angiography; GKR: Gamma 
Knife radiosurgery; Gy: gray, which is the unit of ionizing radiation by the 
international system of units; COMS: Choroidal Ocular Melanoma Study.

Authors’ contributions
OAS collected and arranged the patient’s data regarding the choroidal mela-
noma diagnosis and treatment and wrote the manuscript. JEM performed the 
radiation treatment of the tumor in first and second interventions and was a 
major contributor in writing the manuscript. JSD diagnosed the patient from 
start and follow her, discovered the recurrence, performed the needle biopsy 
and was a major contributor in writing the manuscript. All authors read and 
approved the final manuscript.

Author details
1 New England Eye Center, Department of Radiation Oncology, Tufts Medical 
Center, Tufts University School of Medicine, Boston, MA, USA. 2 Ophthalmology 
Department, Faculty of Medicine, Tanta University, Tanta, Egypt. 

Acknowledgements
Not applicable.

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

Availability of data and materials
The data that support the findings of this study are available from Tufts Medi-
cal center, but restrictions apply to the availability of these data, which were 
used under license for the current case report, and so are not publicly avail-
able. Data are however available from the authors upon reasonable request 
and with permission of Tufts Medical Center.

Consent for publication
Patients treated in Tufts medical center sign consent for use of their data for 
scientific research purposes.

Ethics approval and consent to participate
This case report follows the policy of The Social, Behavioral & Educational 
Research Institutional Review Board of Tufts University.

Funding
This case presentation didn’t receive any sort of funding.

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

Received: 23 March 2018   Accepted: 9 May 2018

References
	1.	 Singh AD, Turell ME, Topham AK. Uveal melanoma: trends in incidence, 

treatment, and survival. Ophthalmology. 2011;118:1881–5.
	2.	 Shields CL, Kaliki S, Rojanaporn D, Ferenczy SR, Shields JA. Enhanced 

depth imaging optical coherence tomography of small choroidal 
melanoma: comparison with choroidal nevus. Arch Ophthalmol. 
2012;130:850–6.



Page 5 of 5Sorour et al. Int J Retin Vitr  (2018) 4:23 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

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

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

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

	3.	 Fuller DG, Snyder WB, Hutton WL, Vaiser A. Ultrasonographic features of 
choroidal malignant melanomas. Arch Ophthalmol. 1979;97:1465–72.

	4.	 Augsburger JJ, Golden MI, Shields JA. Fluorescein angiography of choroi-
dal malignant melanomas with retinal invasion. Retina. 1984;4:232–41.

	5.	 Shields CL, Shields JA, De Potter P. Patterns of indocyanine green vide-
oangiography of choroidal tumours. Br J Ophthalmol. 1995;79:237–45.

	6.	 Wilkinson DA, Kolar M, Fleming PA, Singh AD. Dosimetric comparison of 
106Ru and 125I plaques for treatment of shallow (< or = 5 mm) choroidal 
melanoma lesions. Br J Radiol. 2008;81:784–9.

	7.	 Dunavoelgyi R, Dieckmann K, Gleiss A, Sacu S, Kircher K, Georgopoulos 
M, Georg D, Zehetmayer M, Poetter R. Local tumor control, visual acuity, 
and survival after hypofractionated stereotactic photon radiotherapy of 
choroidal melanoma in 212 patients treated between 1997 and 2007. Int 
J Radiat Oncol Biol Phys. 2011;81:199–205.

	8.	 Wackernagel W, Holl E, Tarmann L, Mayer C, Avian A, Schneider M, Kapp 
KS, Langmann G. Local tumour control and eye preservation after 
gamma-knife radiosurgery of choroidal melanomas. Br J Ophthalmol. 
2014;98:218–23.

	9.	 Collaborative Ocular Melanoma Study Group. The COMS randomized trial 
of iodine 125 brachytherapy for choroidal melanoma: V. Twelve-year mor-
tality rates and prognostic factors: COMS report No. 28. Arch Ophthalmol. 
2006;124:1684–93.

	10.	 Lund RW. The Collaborative Ocular Melanoma Study, mortality by thera-
peutic approach, age and tumor size. J Insur Med. 2013;43:221–6.

	11.	 Koutsandrea C, Moschos MM, Dimissianos M, Georgopoulos G, Ladas I, 
Apostolopoulos M. Metastasis rates and sites after treatment for choroidal 
melanoma by proton beam irradiation or by enucleation. Clin Ophthal. 
2008;2:989–95.

	12.	 Fakiris AJ, Lo SS, Henderson MA, Witt TC, Worth RM, Danis RP, Des Rosiers 
PM, Timmerman RD. Gamma-knife-based stereotactic radiosurgery for 
uveal melanoma. Stereotact Funct Neurosurg. 2007;85:106–12.

	13.	 Langmann G, Pendl G, Klaus M, Papaefthymiou G, Guss H. Gamma knife 
radiosurgery for uveal melanomas: an 8-year experience. J Neurosurg. 
2000;93(Suppl 3):184–8.

	14.	 Modorati G, Miserocchi E, Galli L, Picozzi P, Rama P. Gamma knife radio-
surgery for uveal melanoma: 12 years of experience. Br J Ophthalmol. 
2009;93:40–4.

	15.	 Reynolds MM, Arnett AL, Parney IF, Kumar R, Laack NN, Maloney PR, Kozel-
sky TF, Garces YI, Foote RL, Pulido JS. Gamma knife radiosurgery for the 
treatment of uveal melanoma and uveal metastases. Int J Retina Vitreous. 
2017;3:17.

	16.	 Zehetmayer M, Kitz K, Menapace R, Ertl A, Heinzl H, Ruhswurm I, Georgo-
poulos M, Dieckmann K, Potter R. Local tumor control and morbidity after 
one to three fractions of stereotactic external beam irradiation for uveal 
melanoma. Radiother Oncol. 2000;55:135–44.

	17.	 Sanchez-Tabernero S, Garcia-Alvarez C, Munoz-Moreno MF, Diezhan-
dino P, Alonso-Martinez P, de Frutos-Baraja JM, Lopez-Lara F, Saornil MA. 
Pattern of local recurrence after I-125 episcleral brachytherapy for uveal 
melanoma in a Spanish referral ocular oncology unit. Am J Ophthalmol. 
2017;180:39–45.

	18.	 Chang MY, McCannel TA. Local treatment failure after globe-conserving 
therapy for choroidal melanoma. Br J Ophthalmol. 2013;97:804–11.

	19.	 Jampol LM, Moy CS, Murray TG, Reynolds SM, Albert DM, Schachat 
AP, Diddie KR, Engstrom RE Jr, Finger PT, Hovland KR, 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 brachy-
therapy. COMS report no. 19. Ophthalmology. 2002;109:2197–206.


	Gamma Knife radiosurgery for locally recurrent choroidal melanoma following plaque radiotherapy
	Abstract 
	Background: 
	Case presentation: 
	Conclusion: 

	Background
	Case presentation
	Discussion and conclusions
	Authors’ contributions
	References




