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Abstract
Introduction: Stereotactic radiotherapy (SRT) in the treat-
ment of choroidal melanoma (CM) may be indicated if the
tumour is located close to the optic nerve or is unsuitable for a
radiotherapeutic plaque. It is thought that the rate of visual
decline and ocular sequelae with SRT is influenced by dose
and location of radiation in relation to important visual
structures. This study therefore aimed to look at these
prognoses with respect to localisation and dose of radiation
when treatment of CM with SRT occurs. Methods: A retro-
spective data analysis was conducted on all patients at
Dunedin Hospital (DH) from August 2001 to May 2017 who
were followed up for 4 years. SRT consisted of 50 Gy divided
into five fractions over 5 days to tumours, with 2-mm
treatment margins. The primary outcome measure was re-
tention of functional vision – better than hand movements
(HMs) within the treated eye. Secondary outcome measures
included time to non-functional vision (HM or less) in relation
to location, dose and tumour thickness, the presence of ra-
diation retinopathy, local and metastatic tumour progression,
enucleation, and disease-specific mortality. Results: Seventy-
five patients were identified in this study. Follow-up was
incomplete in 10 patients, and 4 patients became deceased

within the 4-year study period. Twenty-nine patients (48%)
retained visual acuity (VA) better than HMs in the treated eye at
4 years, and thirty-two (52%) of patients did not. Calculated
dose to the optic nerve and macula and proximity of the tu-
mour to the optic nerve and macula were not statistically
determinative of vision outcomes, although presenting VA was.
Fifty-six per cent of patients developed radiation retinopathy
involving the macula. The local progression, metastatic pro-
gression and enucleation rates were 4.6%, 6%, and 12.3%,
representing 3, 4, and 8 patients, respectively. Conclusion: This
study demonstrates that approximately half of patients treated
with SRT can expect to maintain functional vision better than
HM at 4 years. The rate of visual decline and final vision out-
come are independent of location of the tumour in relation to
the optic nerve and macula. While it affirms that SRT achieves
high rates of local tumour control and eye retention, preser-
vation of functional VA remains an unpredictable endpoint for
individual cases and highlights the therapeutic challenge of this
treatment modality. © 2024 The Author(s).
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Introduction

Choroidal melanoma (CM) is the most common
primary ocular malignancy in adults with a histologically
confirmed annual incidence of 7.58 ± 1.34 cases per
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million population per year in New Zealand [1]. Un-
treated CM can infiltrate intra-ocularly, affecting visual
structures, and extra-ocularly, which may have fatal
consequences if tumour cells migrate to other regions in
the body. Metastatic CM preponderantly disseminates to
the liver [2]. Early detection and treatment are therefore
imperative, as hepatic spread is reported to have a 1-year
survival rate of 10% despite aggressive treatment [3]. This
emphasises the importance of prompt intervention and
local control, noting that stereotactic radiotherapy (SRT)
is an established intervention in the treatment of CM [4].

Vision loss is a well-documented complication of SRT,
and it has been shown in other studies that 33% of pa-
tients will retain Snellen acuity of 6/60 or better [5]. To
the best of our knowledge, no study has analysed the time
at which patients lose functional vision, defined in this
study as better than hand movement (HM) vision, or
determined whether the dose and localisation in relation
to the posterior pole anatomy affect the vision outcome.

The most common treatment options for CM are
brachytherapy and enucleation, with other interventions
including radiation therapy, tumour resection, exenter-
ation and laser modalities such as trans-pupillary ther-
motherapy [6]. Radiation therapy incorporates the
aforementioned SRT and plaque brachytherapy, as well as
proton beam radiotherapy (PBT) [6]. SRT may be in-
dicated if the tumour is large, posteriorly located close to
the optic nerve, or unsuitable for a plaque brachytherapy
[5, 7]. In New Zealand, SRT is the treatment of choice for
focussed external beam radiotherapy as there is currently
no facility for PBT.

Radiation-induced pathology of the posterior pole is a
known complication impacting vision outcomes. SRT-
induced radiation optic neuropathy may be as high as
77.8% when the dose is 15 Gy or more and 26.7% when
the dose is between 10 and 15 Gy [8]. SRT-induced
radiation retinopathy (RR) affects approximately
71–88% of patients ≥5 years post-treatment [9, 10]. RR
can be identified by the presence of clinical or angio-
graphic evidence of propagating retinal ischaemic vas-
culopathy, 2 mm or more away from the treated tumour
margin, with or without macular involvement. This can
be characterised by retinal haemorrhage, exudation,
infarction, oedema, or neovascularisation [11]. There is,
however, some difficulty distinguishing RR from toxic
tumour syndrome (TTS). For the purposes of this study,
both conditions were combined under the umbrella term
of RR. In TTS, tumour necrosis and intra-tumoural
radiation vasculopathy lead to oedema, exudation, se-
rous retinal detachments, and neovascularisation within
2 mm of the tumour margin [12]. TTS tends to have a

more sudden onset than RR, which typically manifests
between 6 months and 3 years post-treatment [13], al-
though it has been reported anywhere from 1 month [14]
to 15 years [15]. One explanation for this difference in
time course is thought to be due to average lifespan of
vascular endothelial cells being >1 year [16], accounting
for the signs of ischaemia in RR typically peaking at
2 years on average [13]. This may also partially explain
the variable effectiveness of prophylactic intravitreal
bevacizumab (Avastin; Genentech, San Francisco, CA,
USA) [4], given that the elimination half-life of the
medication has been calculated at 6.86 days, albeit in
animal models [17]. Bevacizumab is a monoclonal an-
tibody used to inhibit vascular endothelial growth factor,
with vascular endothelial growth factor being a driver of
retinal neovascularisation and vascular leakage, espe-
cially from compromised blood vessels [18].

In this study, the aim was to review all uveal melanoma
treated with SRT in New Zealand with a minimum
follow-up period of 4 years. The final visual acuity (VA)
results were examined, and further analysis was con-
ducted to look for a correlation between presenting VA,
radiation dose (to optic nerve and macula), tumour
thickness, and location. Such information could therefore
help clinicians to estimate and advise patients of the likely
visual outcomes when undergoing SRT and the potential
rate of visual decline.

Methods

A retrospective analysis was performed on all patients un-
dergoing SRT for CM at Dunedin Hospital (DH), over the period
of August 2001 to May 2017 at DH in New Zealand. The study was
conducted in accordance with the tenets of the Declaration of
Helsinki and the National Ethics Advisory Committee guidelines
and met the criteria for exemption from formal review by the New
Zealand Health and Disability Ethics Committee in accordance
with national guidelines.

Patients were excluded from the study if the choroidal lesion
was not conclusive for CM or if there were incomplete follow-up
details. Data were collected from the patients’ electronic health
records (iSOFT, MOSAIQ, and XKnife) and ophthalmic clinical
notes. Baseline characteristics obtained were age, gender, ethnicity,
eye involved, referring district health board, ocular and medical
comorbidities, and smoking history. Other data collected included
best-corrected VA (BCVA) in the affected eye (pre-radiation and
final follow-up), incidence of post-radiation ocular complications,
enucleation, incidence of metastasis, and duration of follow-up.

Twenty MHz ultrasonography was performed by the Dunedin
Hospital Radiology Department for staging of the CM lesion as per
American Joint Committee on Cancer (AJCC) and Collaborative
Ocular Melanoma Study (COMS) staging system. Lesion char-
acteristics were also gathered from ultrasonography including
distance of nearest margin to optic nerve and location of the
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tumour relative to the macula, echogenicity, presence of subretinal
fluid, iris and ciliary body involvement.

Treatment planning, tumour, and ocular anatomy localisation
measurements utilised Radionics knife RT2 software (Integra
Radionics, Burlington, MA, USA) and application of a pre-
treatment computed tomography head scan. The gross tumour
volume was outlined and compared with the ultrasound repre-
sentation. Tumour margins were expanded by 1 mm to form the
clinical target volume and then by another 2 mm to form the
planning target volume. Radiation doses to the optic nerve head
and macula were estimated by calculating the dose at the centre of
the intraocular portion of the optic nerve and the posterior pole,
respectively.

Patients were positioned supine with the head immobilised by a
Gill-Thomas-Cosman frame. Each frame had an individualised
bite piece and occipital headrest. Eye positioning was aligned with
an external light-emitting diode attached to the Gill-Thomas-
Cosman frame and observed by a camera linked to the control
room. SRT was administered at a dose of 50 Gy (at the 80% line)
divided into five fractions (10 Gy each day) each day for 5 days.
Radiation was delivered with constant eye camera guidance in
multiple non-coplanar arcs. Pupil and eye movement tolerance
margins were maintained during radiation administration.

Fifty-seven patients had prophylactic intravitreal bevacizumab
after completing the 5th dose of radiotherapy at a posology of 1.25
mg. The primary outcome measure was duration of functional
vision (HM or better) in relation to radiation dose and location.
Secondary outcome measures included the timepoint of non-
functional vision (HMs or less), local and metastatic tumour
progression, the presence of RR, enucleation, and disease-specific
mortality.

Juxta and parapapillary lesions were defined as tumours that
are at some point adjacent to the optic disc and pre-equatorial
lesions as those lesions that did not extend posterior to the equator
(a circumferential demarcation connecting the ampullae of the
vortex veins). R statistical software environment was used for
statistical analysis [19].

Statistical Analysis
The variables “dose to optic nerve,” “dose to macula,” and

“presenting VA” were tested against whether or not the patient
progressed to HM vision, first by using Levene’s test for equality of
variances. This was then analysed with a one-sided t test for
equality of means as we assumed that those patients with a lower
dose of radiation would be very unlikely to suffer more RR. The
variables “distance to nerve” and “distance to macula” had data
that were irregular and not normally distributed and were
therefore divided into three groups: those immediately adjacent to
the anatomical structure concerned, those not adjacent but within
5 mm, and those more than 5 mm from the structure. These were
then compared using the Fisher’s exact test.

Results

Seventy-five CMs in 75 patients were treated with SRT
over the study period. Four-year follow-up was incom-
plete in 10 patients, and 4 became deceased before 4 years
(3 from uveal melanoma metastases and 1 from lung
cancer). These patients were excluded from further
evaluation. Patient and tumour characteristics were
recorded (Tables 1, 2).

Twenty-nine of the remaining 61 patients (48%) re-
tained BCVA in the treated eye of better than HM at
4 years, and 32 (52%) were HM or worse. Three of these
patients had BCVA worse than HM pre-treatment and
were therefore excluded from further analysis regarding

Table 1. Baseline characteristics of the study demographic

Patients, n 75

Mean age, years 64

Female 51%

Ethnicity New Zealand European or
other European: 74
Maori: 1

Laterality Left eye: 35
Right eye: 40

Domiciled in Southern
District Health Board

55%

Documented comorbidities Cancer
Hypertension
Diabetes mellitus

Smoking history 20%

Table 2. Characteristics of CM

Eye, n
Left eye 35
Right eye 40

Location, n
Juxta and parapapillary 34
Post-equatorial 17
Pre-equatorial 10
Equatorial 14

Morphology, n
Lentiform 58
Pedunculated 2
Sessile 3
Bilobed 5
Collar stud 7

AJCC stage, n
T1 28
T2 28
T3 16
T4 3

COMS size, n
Large 20
Medium 34
Small 21
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vision loss. The only variable of statistical significance
associated with visual deterioration to HM or worse was
poorer presenting VA in the treatment eye: p = 0.0023,
equal variances not assumed (shown in Fig. 1; Table 3).
Tumour thickness did not have a statistically significant
effect on post-treatment VA.

There was no statistically significant association be-
tween distance to the optic nerve and progression to HM
when distance to nerve was analysed as 3 categories (0
mm, >0 to ≤5 mm, and >5 mm) or 2 categories (≤5 mm

and >5 mm). Fisher’s exact test p values were 0.28 and
0.13, respectively. Similarly, there was no statistically
significant association between distance to macula and
HMwhen distance to macula was analysed as 3 categories
(0 mm, >0 to ≤5 mm, and >5 mm) or 2 categories
(≤5 mm and >5 mm). Fisher’s exact test p values were
0.76 and 0.61, respectively.

The local progression, metastatic progression and
enucleation rates were 4.6%, 6.2%, and 12.3%, repre-
senting a total of 3, 4, and 8 patients, respectively. There

Fig. 1. Calculated dose to the optic nerve, distance from tumour margin to nerve, calculated dose to the macula,
distance to macula, and presenting VA of the treated eye, in relation to functional VA (HM) at 4 years.
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was no correlation between the variables: distance to
nerve, distance to macula, macula and optic nerve dose,
thickness of the tumour, and time to loss of vision to HM
or worse (all Pearson correlations <0.3 and p values >0.1).
Figure 2 demonstrates variability in time to visual decline
to HM when compared with presenting VA.

Discussion

This study demonstrates that approximately half of
all patients treated with SRT for CM can expect to
maintain visual function of HM or better at 4 years.
This level of acuity has implications for the perception
of movement, particularly in monocular patients and

those reliant on peripheral vision and dynamic
visual cues.

There was no statistically significant correlation be-
tween the likelihood of vision loss and the calculated dose
to the optic nerve and macula, or the distance of tumour
to the macula or papillary region. We posit that, in this
context, there is no feasible sub-threshold dosage that
predictably avoids radiation-induced ocular sequelae to
these structures. SRT dosage protocols are standardised at
DH, and unlike PBT, SRT’s dispersive field of radiation
means that collateral damage beyond the propinquity of
the tumour location may explain the discrepancy of
outcomes between these treatment modalities.

Conversely, patients with a presenting VA of greater
than logMAR 0.3 (Snellen acuity of 6/12) were statistically

Table 3. Tumour treatment for each patient, by nerve dose, macular dose, distance tomacula, and presenting
VA, separated by whether the vision was better than HMs at 4 years or HM or worse at 4 years

VA better than
HM at 4 years

VA equal or worse than
HM at 4 years

Significance

Distance to nerve, mm 5.13 4.93 0.28a

Distance to macula, mm 3.55 4.39 0.76a

Nerve dose, Gy 33.15 37.22 0.442b

Macula dose, Gy 37.41 35.83 0.431b

Tumour thickness, mm 3.5 4.7 0.064b

Presenting VA, logMAR 0.13 0.46 0.0023c

aFisher’s exact test, analysed as three categories (adjacent to nerve/macula, less than 5 mm from nerve/
macula, and 5mmormore from nerve/macula). bOne-sided t test, equal variances assumed (Levene’s test for
equality of variances not significant, p > 0.05). cOne-sided t test, equal variances not assumed (Levene’s test
for equality of variances not significant, p < 0.05).

Fig. 2. Time to reach HM and presenting
VA in patients whose vision was HM or
worse at 4 years.

Stereotactic Radiotherapy Prognosis for
Choroidal Melanoma

Ocul Oncol Pathol 2024;10:65–71
DOI: 10.1159/000537795

69

https://doi.org/10.1159/000537795


less likely to progress to HM vision. This correlation may
reflect the observation that patients with better presenting
VA have greater “vision reserve” before reaching HM
compared to those with poorer VA at baseline.

Literature suggests that PBT is superior to SRT with
regard to retention of vision but similar with regard to
local tumour recurrence, ocular conservation, and sur-
vival [5]. In a study by Sikuade et al. [5], 91% of juxta- and
circum-papillary tumours of cases treated with SRT had a
VA of 6/60 or less compared to 73% of those treated with
PBT at 36–39 months. However, the study notes that the
SRT group had tumours closer to the optic nerve and
occupying a greater proportion of the disc margin,
thereby confounding results. The current study did not
find the same association.

Historically, non-invasive SRT treatment protocols
had a practical advantage over PBT in that SRT does not
require the insertion of tantalum rings or general an-
aesthesia [20]. Metastasis-related mortality and ocular
conservation are similar between SRT and PBT. Reten-
tion rates of functional vision in PBT are higher com-
pared to SRT and should also be considered given that
availability and cost of PBT remain barriers to its use.

Another option for dealing with peripapillary tumours
is the use of notched plaque brachytherapy, which has
been shown to retain VA of 6/60 or better in 62.5% of
individuals [21]. However, a common concern with these
devices is it requires an experienced operator to avoid
inadvertent damage to the optic nerve during placement
and imprecise appositional contact increases the risk of
tumour recurrence [11].

Dosimetry protocol modification can also be consid-
ered to limit collateral damage to ocular structures – it is
thought that limiting doses to 12 Gy to the optic nerve as a
single fraction of SRT lowers the risk of radiation-induced
optic neuropathy [22]. In cumulative treatment protocols,
the anterior visual pathway is said to tolerate a total ir-
radiation dose of 50 Gy, when given in fractions of less
than 2 Gy [23]. Krema et al. [11] showed that at 3 years,
juxta-papillary tumours treated with SRT at a cumulative
dose of 70 Gy fractionated over 5 days had optic neu-
ropathy rates of 64%. This study did not exceed 50 Gy as a
total cumulative dosage.

Limitations of this study include bias inherent in a
retrospective data analysis, despite patient recruitment
being prospective. It is also acknowledged that there was
heterogeneity in follow-up times due to the data collection
retrieval – part of this is due to a high number of patients
from regions in New Zealand where DH is not their usual
referral centre (45% were domiciled outside of the DH eye
department catchment area). No differentiation was made

between tumours at the macula and those involving the
fovea at the time of treatment.

In conclusion, approximately half of patients treated
with SRT can expect to maintain Snellen VA of HM or
better at 4 years, independent of the dose given or the
distance of the tumour to the macula and disc. Treatment
hierarchy is an incontrovertible paradigm: patient sur-
vival, followed by ocular conservation and then retaining
the best possible vision outcomes. Prognostic information
can guide patient expectations as they transition to
greater monocular reliance, particularly if the unaffected
eye has other ocular disease. In centres that utilise SRT as
part of their treatment armamentarium, informing pa-
tients of expected vision outcomes should be emphasised
even when treatment of peripheral tumours at a distance
from the optic nerve and macula is part of the dosage
protocol.
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