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FRACTIONATED STEREOTACTIC RADIOTHERAPY
FOR CHOROIDAL MELANOMA

Wei-Heng Kao', Ji-Hong Hong'*, An-Ning Chao’, Chun-Chich Wang'*

Purpose/Objectives : Although choroidal melanoma is a relalively rare disease in

Taiwan, this study aimed to investigate the feasibility of using linear accelerator based
hypofractionated stereotactic radiotherapy (8RT) for choroidal melanoma.

Materials and Methods : From 2009 to 2012, & patients with choroidal melanoma were
treated for a total dose of 50 Gy in 5 fractions with SRT. All patients underwent image
studies (CT or MRI) and ophthalmologic examination, including visual acuity, funduscopy
and ultrasound, before and regularly after treatment. In this study, three patients had

three had large-sized tumors (tumor height >10 mm or tumor base >16 mm).

Results : With a median follow-up duration of 29 months, the 3-year local control,
distant metastasis free and overall survival were all 100%. One patient had enucle-
ation due to the development of radiation-induced neovascular glaucoma after 25
months. In addition, one patient developed a cataract after 24 months and received an
intraocular fens implant. Among the four patients with pre-treatment visual acuity
=0.1(VA), VA was preserved in 3 patients.

Conclusions : Our study supports the theory that hypofractionated SRT with 50Gy
applied in five fractions seems to be sufficient to obtain good tumor control. More
efforts should be made to reduce the radiation-induced neovascular glaucoma and
preserve visual acuity.
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INTRODUCTION

Uveal mclanoma is a common ocular
malignancy in adults. Based on the Surveillance,
Epidemiology, and End Results (SEER)
report, its annual incidence is as high as 6
new patients per million people [14, 34, 37} in
the United States. In Taiwan, the incidence of

uwveal melanoma is less than one new patient
per million people [47]. Choroidal melanomas
account for 83-90% of all uveal melanomas,
and others are ciliary body (8-10%) and iris
(1-3%) melanomas. Although approximately 50
percent of patients will develop metastases after
treatment, local control is the primary goal of
the treatment for choroidal melanomas [38].
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Primary treatment can involve enucleation;
however, this is now reserved for patients
with large-sized choroidal melanoma or
other secondary problems. Eve-preservation
radiotherapies, including brachytherapy, photon
and charged particle therapy have showed
cqually success as enucleation in local control,
distant metastasis control and overall survival.
{17, 18, 21, 35},

The ability to treat choroidal melanomas
with a lincar accelerator (LINAC) offers new
possibilities. In the past decade, LINAC based
hypofractionated stereotactic radiotherapy
(SRT) has been investigated for choroidal
melanoma as an alternative option [9, 11}
Although choroidal melanoma is a relatively
rare disease in Taiwan, this study presents the
clinical results of the hypofractionated SRT
regarding local tumor control and side effects
at our hospital.

PATIENTS AND METHODS

Between January 2009 and December
2012, 6 consecutive patients with choroidal
melanoma were treated with LINAC based
hypofractionated SRT at Chang Gung Memorial
Hospital at Linkou in Taiwan. All paticnts
underwent comprehensive ophthalmologic
cxaminations including best-corrected visual
acuity (VA), tonometry, and funduscopy. The
basal dimensions and height of the tumor
were measured using both magnetic resonance
(MR) imaging and ultrasound. According to
the Collaborative Ocular Melanoma Study
classification of choroidal melanoma, tumors
were classified as nevus (tumor height <I mm

mm), or large (tumor height >10 mm or tumor

base >16 mm). In addition, chest and abdominal

CTs were done to exclude metastatic disease.
When doing computed tomography (CT)

simulation and treatment, the patient's head
was immobilized with a thermoplastic mask.
To help fix the position of the eves, a light
source was integrated into the mask svstem.
The light source was 30 cm above the middle
of the eyes. The patients were told to fixate
their gaze on the light during image acquisition
(CT simulation) and during SRT. At the same
time, the positions of the pupil and cyelid were
closely monitored by the surveillance camera
system [8].

Contouring the gross target volume
(GTV) on 1.25-mm slice thickness of the CT
image was performed on the Novalis iPlan®
system (BrainL AB, Feldkirchen, Germany)
with the aid of contrast medium MR images.
The planning target volume (PTV) was derived
from the GTV with 2-3 mm margins using
computer-automated 3D margin expansion. All
treatments were delivered by image-guided
radiotherapy via matching kilovoltage orthog-
onal X-ray image with digital reconstructed
radiographs from the planning CT. All paticnts
were treated with five fractions of 10 Gy at
95% isodose (total dose 50 Gy) to encompass
the PTV within a weck. The maximal tolerate
dose was 4 Gy per fraction in the optic nerve
32] and no constraint of lens. The high risk of
developing cataracts was carefully explained
to patients before treatment. The delivery time
of cach beam in treatment plans was designed
to be less than 30 seconds to minimize the
discomfort of fixating the gaze on the light
source. Patients were allowed to close their
cyes between cach beam delivery. The radia-
tion therapist maintained communication with
patients, prompting them at the start and finish
of beam delivery during the SRT treatment.

Patients were followed-up with image
studies at 3-month intervals for the first year,
and 6-month intervals thereafter. Assessments
of visual acuity, ultrasound scans, and CT
or MRI were done at cach follow-up visit.
Time of overall survival (OS) and local tumor
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control were measured from the start date of
radiotherapy. Local tumor control was defined
as no increase in tumor volume by any image
modalities. All analyses were performed on
SAS, version 4.2 (SAS institute Inc., Cary,
NC).

RESULT

The characteristics of the six patients are
summarized in Table 1. Patients' ages ranged
from 34 to 78 years with a median of 47 years.
Three patients had medium-sized tumors and
the other three had large lesions. The medians
of tumor height and basal diameter were 9.3
mm and 13.4 mm, respectively. Three patients
were noted by funduscopy to have retinal
detachment. Two of the threc patients had
very poor VA (< 0.1) before radiotherapy. Two
patients were noted to have senile cataracts on
the first ophthalmologic examinations.

Patients tolerated hypofractionated SRT
well without treatment interruption. Median
follow-up time for these six patients was 29
months (24-49 months). All paticnts were still
alive without evidence of tumor progression.
Therefore, the three-year overall survival and
local control rates were 100%. Although the
choroidal melanoma is slow to respond to
SRT, the median reductions of tumor height
and basal diameter were 3.9 mm and 4.0 mm
and median of each reduction ratio was 44%
and 30% at the last individual follow-up. One
patient had complete response by image studies
after 48 months (Fig. 1).

Visual acuity is the major concern for
both physicians and patients with choroidal
melanoma. The two paticnts with pre-treat-
ment visual acuity <0.1 had no improvement
after SRT. Two paticnts had decrecased visual
acuity (0.9 and 0.8) to <0.1 13, 30 months after
radiotherapy. The cause of loss of visual acuity
in one 34-yvear-old patient was the carly devel-
opment of cataracts 24 months after treatment.

Table 1. Patient and tumor characteristics

Post-Tx AEs

VA
<(.1

Post-Tx

Pre-Tx retinal
detachment

nerve (mm)

VA

<0.1

Pre-Tx  Distance to optic

Ciliary body
invasion

COMS
classification

Location

Follow
up (mo)

Age
(Y

Gender

Neovascular glavcoma

ol

No

No

Large
Medium

Lateral lower

43.5 29.5

female

Patient 1

0.3

Yes

0.4

Medial upper

69.0 29.2

male

Patient 2

Cataract formation/
neovascular glancoma

02

No

Wy

No 0.8

Medium

Medial lower

46.4

34.2

female

Patient 3

0.2

No

Medium No 0.4 <1

Medial upper

48.9

494

female

Patient 4

Neovascular glavcoma/
enucleation

<0.1

Yes

No 0.9

Large

Lateral lower

44.0 246

female

Patient 5

Neovascular glavcoma

<(.1

<1

<0.1

Yes

Large

Medial upper

244

78.1
Abbreviation: VA, visual acuity; COMS, collaborative melanoma study; Tx, treatment

male

Patient 6

< 16.0 mm; large, height >8.0 mm or diameter >16.0 mmFig. 1 Initial pre-treatment

and series follow-up CT images of 49 vear-old female choroidal melanoma patient a) pre-treatment CT image, tumor 4.0 * 11.2 mm; b) 1.5-year follow-up CT image, tumor 3.7 *

* Small: height, 1.0~3.0 mm & diameter 5.0~16.0 mm; medium, height 3.1~8.0 mm & diameter
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follow-up image, complete response

S-year

9.5 mm; ¢} 2.5-year follow-up CT image, tumor 3.4 * 9.5 mm; d) 3
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Fig 1. Initial pre-treatment and series follow-up CT images of 49 year-old female choroidal melanoma patient
a) pre-treatment CT image, tumor 4.0 * 11.2mm; b) 1.5-year follow-up CT image, tumor 3.7 * 9.5mm,; ¢)
2.5-year follow-up CT image, tumor 3.4 * 9.5mm; d) 3.5-year follow-up image, complete response.

The minimal dose to lens was 3.7 Gy. Her
visual acuity recovered after an intraocular
lens implant. Overall, 75% patients with initial
normal vision had a visunal acuity of more than
0.1 after 3 years. The other patient suffered
from severe neovascular glaucoma. Even
though this was treated with Bevacizumab
(Avastin®) injections twice, the neovascular
glaucoma still progressed and she had enucle-
ation 24 months after SRT. In fact, four (67%)
of the irradiated eyes developed neovascular
glaucoma, which was noted one year after
SRT. The main management was topical atro-
pine, topical steroid or both. In addition, four
paticunts had transicnt blepharoconjunctivitis,
which subsided after conservative treatment.
At the same time, no specific skin reaction was
found in medical records.

DISCUSSION

Since proton therapy and radioplaque
treatment are not available in Taiwan until
now, most paticats with choroidal melanoma
were treated with enucleation [23]. Although
there are a limited mumber of cases, this study
provides cvidence that LINAC based hypo-
fractionated SRT is feasible for patients with
choroidal melanoma. The local control rate is
good and the complication-induced enucleation

rate is acceptable when compared to treatment
only by enucleation.

Local control is the main goal of treatment
for patients with local choroidal melanoma.
Once the local tumor recurred, the distant
metastatic rate significantly increases and
the survival duration after developing meta-
static disease is only 7 months [5, 10]. Radio-
plaque brachytherapy is the most common
conservative trecatment used in the manage-
ment of choroidal melanomas followed by
charged-particle radiotherapy. The cfficacy of
the plaque brachyvtherapy for medium-sized
tumors was established by a COMS-conducted
randomized trial, which demonstrated that
there was no difference in mortality between
plague brachyvtherapy and cnucleation [20].
In the 1-125 brachytherapy group, rates of
melanoma-associated deaths at 5 and 10 years
were 10% and 18%, respectively, and in the
enucleation groups were 11% and 17%, respec-
tively. The recurrence rate following Ru-106
brachytherapy ranged from 3% to 16% [39].
However, an invasive surgical procedure is
required to open the conjunctiva and suture the
metal plaque [19, 20, 25, 41]. For large-sized
choroidal melanoma and lesions located close
to the optic disc, there are often technical
difficulties for plaque insertion and adequate
dose coverage.
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Proton-beam therapy has the advantage
of delivering a homogenous dose to the entire
tumor, no matter where the tumor is located.
The sharp fall of radiation dose of the proton
beam, the Bragg peak phenomenon, allows
sparing of normal surrounding tissues. The
usual prescribed dose is 60-70 cobalt gray
equivalent (CGE) in 4 to 5 fractions [44].
Proton-beam therapy achieved good results
with 95% local tumor control |4, 15]. The costs
and few available sites around the world limit
access to this effective modality.

SRT for choroidal melanoma can be
performed utilizing a gamma knife or a
linear accelerator. In 1990s, Logani et al.
and Marchini et al. started to use the precise
small irradiation field of gamma knife to treat
choroidal melanoma [24, 26]. The local control
rates by gamma knife radiosurgery ranged
from 83% to 93% with a wide dose range (30
Gy to 70 Gy) [29, 33]. Tokuuye ct al. and Buatti
et al. introduced the feasibility of LINAC-
based SRT for the treatment of choroidal mela-
noma [2. 40]. Several studies showed the 5-year
local control rates from 86% to 100% and
metastasis free survival rates from 75% to 85%
[1, 11, 22, 31, 32, 42, 45, 46]. At the same time,
the non-invasive stercotactic technique of cve
fixation was introduced by Dieckmann et al.
and showed over 90% center shift < 1 mm [8].
In our study, local control and overall survival
rates were both 100%. In a large series with
LINAC-based SRT, 212 patients were treated
with five fractions of radiotherapy using three
different total doses (50, 60, and 70Gy) {11].
With a median follow-up of 64 months, 5-year
and 10-vear local control rates were 95.9% and
92.6%. However, the proportions for eye reten-
tion were 78.6% after 5 vears and 72.6% after
10 vears of follow-up.

There was no high level evidence of treat-
ment related complications when comparing
LINAC-based SRT and brachytherapy or
charged particles. Only one randomized trial

was established in 1993 comparing the helium
ion and iodine 125 brachytherapy [6]. Char
et al. found that the charged particle group
had less local recurrence and more treatment
complications of the anterior segment such
as cataracts. However, the meta-analysis of
27 studies in 2013 also confirmed a similar
result of lower local recurrence using charged
particle therapy but a different result of less
retinopathy and cataract formations [44]. A
possible factor in fewer complications with
charged particle therapy might be the selection
of beam paths to avoid traversing the lens and
keeping the lens dose < 10% of prescribed
dose. Another factor could be a lower uniform
dose distribution with relatively lower dose
delivered to small region of retina.

One of our six paticnts had cnuclcation
due to the development of neovascular glau-
coma, which occurred in two-thirds of the
six patients after SRT. This observation is
consistent with other reports using SRT [11, 29,
46]. In fact, ncovascular glancoma and other
complications. such as corneal ulcers. were
the major reasons (65-75%) for performing
cmucleation after the treatment of choroidal
melanoma. Neovascular glaucoma results from
the radiation-induced ischemic vascular cvent,
which provokes the process of neovascular-
ization. The new blood vessels obstruct the
trabecular meshwork in the anterior chamber
angle and lead to the development of glaucoma.
Neovascular glaucoma is a potentially devas-
tating glaucoma. Early diagnosis of the disease,
followed by immediatc and aggressive treat-
ment, is imperative. Gragoudas et al. reported
a low enucleation rate (10%) at five-vear follow
up after proton therapy [16]. Neovascular glap-
coma was still the most common complication
leading to enucleation, responsible for less
than one half of post-treatment enucleations
[13, 16]. Multiple parameters may have a role
in the development and/or progression of
neovascular glaucoma including tumor size,
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location and radiation dose distribution. Kavita
¢t al. reported that the specific characteristic
of Bragg peak in proton therapy might spare
Iens, ciliary body, optic disc and optic nerve to
reduce the risk of serious complications [28].
Visual preservation is a significant issue
for quality of life for patients with choroidal
melanoma [27]. Tamors in proximity to the
macula and the optic disc have a worse visual
prognosis than tumors sited in the periphery of
the choroid (> 5 mm) [9]. Other factors, such as
history of diabetes, initial poor visual acuity,
initial retinal detachment. posterior-located
tumor, post-treatment cataracts and post-treat-
ment retinopathy, can affect the final visual
capacity [7, 32, 36, 42]. While decreasing the
total dose from 70 to 50 Gy, no prominent
visual prescervation was observed [12, 16].
Various modalities of radiotherapy scem to
have different effects on the preservation of
visual acuity. The results of gamma knife
radiosurgery showed that the 5-year retention
rate of visual acuity was 14% [42]. In paticnts
receiving hypofractionated SRT, 19.8% and
8.8% of patients had a visual acuity above 0.1
after 3 vears and 5 years, respectively [11].
Three of our four patients with an initial visnal
acuity of better than 0.1 ketp their vision after
SRT. The patient with loss of visual acuity was
due to severe repeated ncovascular glaucoma.
For patients treated with proton therapy, the
5-year rate of vision loss was 52%. However,
this ratec was as high as 68% for patients with
tumors close to the optic nerve [4, 30].
Preserving a comfortable, cosmetically
acceptable. and functioning eyve with useful
vision and minimizing the risk of metastasis
continue to be the major concerns in the
management of choroidal melanoma. Although
this retrospective study with very limited
patient numbers cannot provide solid evidence
for the treatment of choroidal melanoma, our
results support the theory that hypofraction-
ated SRT with 50 Gy applied in five fractions

seems to be sufficient to obtain good tumor
control. However, results with more patients
and a longer follow up period have to studied
carefully before definitive conclusions can be
drawn. More can be done to reduce radiation-
induced ncovascular glaucoma. Possibilitics
include: the use of anti-vascular endothelial
growth factor (anti-VEGF) drugs [43]; surgical
intervention of the scar endorescction after
treatment [3]. preservation of visual acuity by
reducing radiation dose to lens, optic nerve
and retina. The advantages of proton therapy
should help to overcome these obstacles.
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