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BACKGROUND/OBJECTIVES: To investigate post-enucleation outcomes and assess the effect of extrascleral extension (ESE) on
these outcomes for patients with uveal melanoma (UM) managed at a tertiary referral centre in Scotland.
SUBJECTS/METHODS: Retrospective review of all cases of UM managed by the Scottish Ocular Oncology Service for which
enucleation was undertaken between 13/03/2008 and 31/12/2020. Primary outcomes were length of survival, time-to-metastasis
(TTM) and local recurrence rate. Secondary outcomes were the effects of the presence of ESE, ESE size, and the use of adjuvant
external beam radiotherapy (EBRT) on the primary outcomes.
RESULTS: Of 172 enucleated UMs, 32 (18.6%) had ESE. Over a median follow-up period of 33.7 months (range= 1.1–163.7 months),
91 (52.9%) patients died. The median length of all-cause survival of 54.1 months (range= 1.1–163.7 months). One-year, 5-year, and
10-year survival rates were 84.8%, 49.1%, and 30.9%, respectively. Eighty-four (49.7%) patients had metastatic disease. The median
TTM of 42.2 months (range= 0.4–106.8 months). Proportions of patients who developed metastases within 1-year, 5-years and 10-
years post-enucleation were 22.7%, 52.8%, and 71.8%, respectively. There was one instance of local orbital recurrence. ESE was
associated with a significantly shorter length of survival (p= 0.03). There was a trend towards a shorter length of survival and TTM
with ESE > 5mm and those who received adjuvant EBRT.
CONCLUSIONS: ESE was present in one-sixth of our cohort and was associated with a significantly shorter length of survival,
particularly in the presence of ESE > 5mm or high-risk characteristics warranting adjuvant EBRT. This data will aid prognostication of
the patients in our service.
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INTRODUCTION
Uveal melanoma (UM) is the most common primary intraocular
malignancy in adults with an incidence of ~1.3–8.6 per million [1].
It most frequently involves the choroid which comprises 85–90%
of UM cases, while the iris and ciliary body are less commonly
involved [2]. Studies have demonstrated all-cause survival rates for
choroidal melanomas of around 80% at 5 years, around 65% at 10
years, and 47% at 15 years [3–5]. The rate of metastasis in UM has
been shown to be around 18% at 5 years, and around 25% at 10
years [6]. The most common site of metastasis is the liver via the
haematogenous route with less common sites including the skin,
lung, bone and brain [7].
The management of UM has evolved towards eye- and vision-

conserving therapies, including the use of plaque brachytherapy
and proton beam therapy. Enucleation was historically first-line
treatment for UM but the Collaborative Ocular Melanoma Study
helped to shift attitudes, concluding that brachytherapy was non-
inferior to enucleation for medium-sized tumours [8]. However,
the threshold for enucleation is lowered in cases where there are
concerns with regards to the tumour size, tumour recurrence, or
extrascleral extension (ESE).

ESE is defined as tumour invasion through the corneoscleral
envelope and is associated with a higher mortality rate due
to its association with the development of metastatic
disease [9, 10]. ESE has been reported to occur in 8–14.6% of
uveal melanomas (UMs) [10–13]. The presence of ESE is not
always detectable clinically, and often relies on histopathogical
examination of an enucleated specimen. ESE is more likely to
develop in tumours of a more advanced stage and is associated
with specific microscopic histopathological tumour character-
istics such as a diffuse growth pattern, an epithelioid cell-
type, a higher mitotic rate, the presence of extracellular closed
loops [10, 13].
The use of external beam radiotherapy (EBRT) for UM tends to be

reserved for cases of local recurrence following enucleation but can
be considered for cases where the risk of recurrence is judged to be
high, such as a positive optic nerve resection margin on an
enucleated sample. Although metastatic melanoma is considered
relatively radioresistant, studies have demonstrated regression when
used for small intraocular tumours. Hykin and colleagues suggested
the use of EBRT to avoid radical management such as exenteration
with some positive results [14]. However, another study found no
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benefit from the use of EBRT, rather some long-term and sometimes
disfiguring side effects [15].
The primary aim of this study is to describe the length of

survival, time-to-metastasis (TTM), and local recurrence rate
in our cohort of patients with UM who underwent enucleation.
In addition, we investigate the effect of histopathologically-
proven ESE on these outcomes. We also report our experience of
the use of adjuvant EBRT for ESE deemed to be at high-risk of
local recurrence.

METHODS
The Scottish Ocular Oncology Service (SOOS) is a national multi-
disciplinary service based at Gartnavel General Hospital, Glasgow, Scotland.
This study included all patients managed by the SOOS who underwent

enucleation for UM between 17th March 2008 and 31st December 2020.
Iris melanomas were excluded from this study.

Data extraction
Electronic clinical notes were retrospectively reviewed to extract pre- and
post-operative clinical characteristics. Histopathological data was extracted
retrospectively from Pathology reports using an extraction template based
on the Royal College of Pathologists dataset for reporting of UMs [16].
Guidance on Tumour-Node-Metastasis staging published by The American
Joint Committee on Cancer (AJCC) was used to classify tumours [17].
Ultrasound reports were reviewed retrospectively for reported evidence

of retro-scleral extension and the reported basal dimensions and height of
the tumour on ultrasound imaging prior to enucleation. If ultrasound
reports were unavailable, this data was extracted from pre-operative cross-
sectional imaging reports if available. Surveillance liver screening imaging
reports were reviewed to determine metastatic status.

Outcomes
Our primary outcomes were length of survival, TTM and local recurrence rate.
The study follow-up duration was defined as the time from enucleation to
either death or last healthcare encounter. A censor date of 31st October 2021
was used.
Length of survival was defined as the duration from enucleation to

death, regardless of cause of death. If the patient remained alive at the end
of the study period, data was censored at the date of the most recent
healthcare encounter.
TTM was defined as the duration from enucleation to clinical evidence of

metastasis or metastatic disease confirmed on cross-sectional imaging.
Analysis of this outcome included only those patients who did not have a
diagnosis of metastatic disease at the time of, or 1 week after, enucleation.
Patients with metastatic disease from another primary source at time of
enucleation were also excluded from analysis. If the patient did not
develop metastatic disease by the end of the study period or died before

developing clinical or radiological evidence of metastasis, the data were
censored at the date of the most recent surveillance scan.
Local recurrence was defined as any evidence of recurrent disease

within the orbit, identified either by clinical examination or radiological
imaging.

Statistical analysis
The Kolmogorov–Smirnov normality test was used to assess whether
datasets were parametric. For parametric data, summary statistics were
described as the mean, standard deviation and range of the data. For non-
parametric data, summary statistics were described as the median and
range of the data.
Statistical comparisons for data between two groups were made using

the unpaired Student’s t test for parametric variables and were made using
the Mann–Whitney-U test for non-parametric variables.
For time-to-event outcomes, for single group analyses a Kapler–Meier

survival curve was generated and the median was reported alongside the
1-year, 5-year and 10-year event rate. For comparative analyses of two
groups, a Kapler–Meier survival curve was generated for each group and
groups were statistically compared using the log-rank test. A p value of
≤0.05 was deemed statistically significant.

Ethics statement
It was confirmed with the local ethics committee that ethical approval was
not required for this study. The study was performed in line with the
Tenets of the Declaration of Helsinki.

RESULTS
Entire study cohort
Baseline demographics. During this 13-year period, 172 ciliary body/
choroidal melanomas were enucleated and of these, histopatholo-
gical ESE was identified in 32 (18.6%) samples. Overall, the mean age
at time of enucleation was 65.1 ± 14.2 years (range= 17.7–92.3
years) and 86 (50.0%) patients were female. There were no instances
of bilateral disease. The median length of study follow-up of these
patients was 33.5 months (range= 1.1–163.7 months) (Table 1).

Histopathological characteristics. Of the 172 samples, histopatho-
logical characteristics were available for 168 (97.7%) samples, the
remaining 4 (2.3%) demonstrating extensive necrosis (Table 2).
The mean largest basal diameter on histopathology was

13.7 ± 4.9 mm (range= 3–24mm) and the mean largest height
was 8.6 ± 3.9 mm (range= 1–16mm). The AJCC classification was
available for 165 (96.0%) patients: 17 (10.3%) were stage I; 53
(32.1%) were stage II; 77 (46.7%) were stage III; and 18 (10.9%)
were stage IV. The AJCC T-category subclassification was T1 for 22

Table 1. Patient demographics, macroscopic histopathological tumour measurements, primary outcome data for the entire study cohort.

Study cohort
(n= 172)

With ESE
(n= 32)

With no ESE
(n= 140)

Primary enucleation
(n= 75)

Secondary
enucleation (n= 97)

Demographics

Age (mean ± SD) 65.1 ± 14.2 68.3 ± 14.9 64.5 ± 14.0 68.4 ± 14.2 62.6 ± 13.7

Female 86 (50.0%) 15 (46.9%) 71 (50.7%) 39 (52.0%) 47 (48.4%)

Tumour features

Base (mm; mean ± SD) 13.7 ± 4.9 14.4 ± 4.9 13.5 ± 4.9 14.6 ± 4.8 12.8 ± 4.8

Height (mm; mean ± SD) 8.6 ± 3.9 8.6 ± 3.6 8.6 ± 4.0 10.6 ± 3.0 6.8 ± 3.7

Primary outcomes

Follow-up duration
(months; median)

33.7 28.1 35.0 26.9 44.6

Length of survival
(months; median)

54.1 33.5 63.6 34.0 85.7

Time-to-metastasis
(months; median)

42.2 31.5 45.1 19.9 83.0

Local recurrence 1 of 172 (0.01%) 1 of 32 (3.1%) 0 of 140 (0%) 0 of 75 (0%) 1 of 97 (1.0%)
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(13.3%) samples; T2 for 32 (19.3%) samples; T3 for 65 (39.2%)
samples; T4 and 47 (28.3%) samples.

Post-operative characteristics. Within our follow-up period, 91
(52.9%) patients died of which the cause of death was available for
60 (67.0%) patients. Of these, the primary cause of death was
either confirmed to be or likely to be metastatic melanoma for 56
(93.3%) patients. The median length of survival post-enucleation
was 54.1 months (range= 1.1–163.7 months) (Fig. 1). The 1-year,
5-year, and 10-year survival rates post-enucleation were 84.8%,
49.1%, and 30.9% respectively.
Three patients had known metastatic disease from other primary

sources prior to enucleation for primary choroidal melanoma and
therefore were excluded from further analysis of TTM. Within our
follow-up period, of the remaining 169 patients, 84 (49.7%) patients
had associated metastatic disease: 7 (4.1%) had metastatic disease
prior to enucleation, 8 (4.7%) were diagnosed with metastatic
disease in the week following enucleation, and 69 (40.8%) developed
metastatic disease post-enucleation.
Excluding those who were found to have metastatic disease

prior to enucleation and within 1 week of enucleation, the
median TTM was 42.2 months (range= 0.4–106.8 months) (Fig. 2)
for those with available screening imaging (n= 145). The
proportions of these patients who had developed metastases
within 1 year, 5 years and 10 years post-enucleation were 22.7%,
52.8%, and 71.8% respectively.
During our follow-up period, there was one instance of local

recurrence within the orbit following secondary enucleation in a

patient with ESE without distant metastases and stage 3 disease.
Following histological confirmation of tumour recurrence, the
patient underwent exenteration with adjuvant EBRT. The patient
has remained metastasis-free.

Primary enucleation compared to secondary enucleation. Of 172
enucleations, 75 (43.6%) were primary enucleations and 97 (56.4%)
were secondary enucleations. Of the latter, 32 (33.0%) patients
previously underwent plaque therapy, 46 (47.4%) patients previously
underwent proton beam therapy, and the remaining 19 (19.6%)
patients previously underwent a sequential combination of eye-
conserving therapies. The indications for secondary enucleation
were recurrence of intraocular disease for 59 (60.8%) patients, an
intractably painful eye for 24 (24.7%) patients, clinical/radiological
suspicion of ESE for 3 (3.1%) patients, and miscellaneous reasons for
the remaining 11 (11.3%) patients.
The mean age of patients who underwent primary enucleation

was 68.5 ± 14.2 years compared to 62.6 ± 13.7 years for patients who
underwent secondary enucleation (p= 0.02). Comparing primary
enucleations versus secondary enucleations using the AJCC
classification, 4.1% versus 15.4% respectively were stage I; 20.3%
versus 42.9% respectively were stage II; 70.3% versus 31.9%
respectively were stage III; and 5.4% versus 8.8% respectively were
stage IV.
The median length of survival following primary enucleation

was 34.0 months (range= 1.1–139.4 months) compared to
85.7 months (range= 3.1–163.7 months) following secondary
enucleation (p= 0.005).

Table 2. Microscopic characteristics, AJCC classification and AJCC T-subclassification for entire cohort.

Study cohort
(n= 172)

With ESE
(n= 32)

With no ESE
(n= 140)

Primary enucleation
(n= 75)

Secondary
enucleation (n= 97)

Microscopic characteristics

Spindle cell type 94 of 168 (56.0%) 14 of 30 (46.7%) 80 of 138 (58.0%) 39 of 74 (52.7%) 55 of 94 (58.5%)

Mixed cell type 65 of 168 (38.7%) 15 of 30 (50.0%) 50 of 138 (36.2%) 4 of 74 (5.4%) 5 of 94 (5.3%)

Epithelioid cell type 9 of 168 (5.4%) 1 of 30 (3.3%) 8 of 138 (5.8%) 31 of 74 (41.9%) 34 of 94 (36.2%)

Focal solid mass 152 of 163 (93.3%) 23 of 27 (85.2%) 129 of 136 (94.9%) 71 of 73 (97.3%) 81 of 90 (90.0%)

Diffuse/ring spread 11 of 163 (6.7%) 4 of 27 (14.8%) 7 of 136 (5.1%) 2 of 73 (2.7%) 9 of 90 (10.0%)

ECM patterns present 85 of 154 (55.2%) 19 of 29 (65.5%) 66 of 125 (52.8%) 48 of 71 (67.6%) 37 of 83 (44.6%)

Mean mitotic rate
(number/mm2)

0.59 0.74 0.56 0.86 0.40

Tumour necrosis present 75 of 164 (45.7%) 15 of 31 (48.4%) 60 of 133 (45.1%) 25 of 73 (34.2%) 50 of 91 (54.9%)

Minimal melanin pigment 32 of 153 (20.9%) 6 of 30 (20.0%) 27 of 123 (22.0%) 20 of 71 (28.2%) 12 of 82 (14.6%)

Heavy melanin pigment 35 of 153 (22.9%) 8 of 30 (26.7%) 27 of 123 (22.0%) 14 of 71 (19.7%) 21 of 82 (25.6%)

Tumour-infiltrating
lymphocytes present

51 of 157 (32.5%) 5 of 29 (17.2%) 46 of 128 (35.9%) 25 of 70 (35.7%) 26 of 87 (29.9%)

Breach of Bruch’s
membrane present

95 of 134 (70.9%) 18 of 25 (72.0%) 77 of 129 (59.7%) 57 of 72 (79.2%) 46 of 71 (64.8%)

Optic nerve extension
present

5 of 165 (3.0%) 4 of 31 (12.9%) 1 of 134 (0.7%) 1 of 74 (1.4%) 4 of 92 (4.3%)

AJCC classification [17]

I 17 of 165 (10.3%) 0 of 31 (0%) 17 of 134 (12.7%) 3 of 74 (4.1%) 15 of 91 (16.5%)

II 53 of 165 (32.1%) 3 of 31 (9.7%) 48 of 134 (35.8%) 15 of 74 (20.3%) 39 of 91 (42.9%)

III 77 of 165 (46.7%) 22 of 31 (71.0%) 54 of 134 (40.3%) 52 of 74 (70.3%) 29 of 91 (31.9%)

IV 18 of 165 (10.9%) 6 of 31 (19.4%) 8 of 134 (6.0%) 4 of 74 (5.4%) 8 of 91 (8.8%)

AJCC T-subclassification [17]

T1 22 of 166 (13.3%) 3 of 32 (9.4%) 19 of 134 (14.2%) 3 of 75 (4.0%) 19 of 91 (20.9%)

T2 32 of 166 (19.3%) 4 of 32 (12.5%) 28 of 134 (20.9%) 8 of 75 (10.7%) 24 of 91 (26.4%)

T3 65 of 166 (39.2%) 10 of 32 (31.3%) 55 of 134 (41.0%) 39 of 75 (52.0%) 27 of 91 (29.7%)

T4 47 of 166 (28.3%) 15 of 32 (46.9%) 32 of 134 (23.9%) 25 of 75 (33.3%) 21 of 91 (23.1%)
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The median TTM post-enucleation following primary enuclea-
tion was 19.9 months (range= 0.4–123.9 months) compared to
83.0 months (range= 0.7–149.8 months) following secondary
enucleation (p= 0.003).
Sub-group analysis comparing those who underwent second-

ary enucleation due to disease recurrence and those who
underwent secondary enucleation for other indications demon-
strated a trend towards a shorter length of survival (p= 0.13)
and a significantly shorter TTM (p= 0.02) for the former group
(Fig. 2).

Cohort with ESE
Pre-operative characteristics. In the population of patients with
ESE (n= 32), the mean age at time of enucleation was 68.3 ± 14.9
years (range= 17.7–91.0 years) and 15 (46.9%) were female. The
median length of study follow-up of these patients was
28.1 months (range= 2.2–162.7 months).
Considering the available data, ESE was evident pre-operatively

at the slit lamp in 8 of 16 (50.0%) cases and pre-operatively on
imaging in 9 of 27 (33.3%) cases. The location of ESE was anterior
to the equator in 11 (34.4%) samples and posterior to the equator
in 21 (65.6%) samples. Of the 32 samples, ESE was visible
macroscopically in 27 (84.4%) specimens and present only
microscopically in 5 (15.6%) specimens, four of which were
posterior to the equator. The size of ESE was ≤5mm in diameter
for 26 (81.3%) samples and >5mm in diameter for 6 (18.8%)
samples. Other histopathological characteristics are shown in
Table 2.

Post-operative characteristics. Within our follow-up period, 21 of
32 (65.6%) patients died of which the cause of death was available
for 14 (66.7%) patients. Of these 14 patients, the primary cause of

death was confirmed to be or likely to be metastatic melanoma for
12 (85.7%) patients. The median length of survival post-
enucleation was 33.5 months (range= 2.2–162.7 months) in the
ESE cohort, compared to a median length of survival of
63.6 months (range= 1.1–163.7 months) in the non-ESE cohort
(p= 0.03) (Fig. 3).
One patient had known metastatic disease from another

primary source prior to enucleation for primary choroidal
melanoma and therefore was excluded from further analysis of
TTM. Within our follow-up period, 20 of 31 (64.5%) patients with
ESE had associated metastatic disease: 3 (9.7%) had metastatic
disease at time of enucleation, 3 (9.7%) were diagnosed with
metastatic disease 1 week following enucleation, and 14 (45.2%)
developed metastatic disease post-enucleation. Excluding those
who were found to have metastatic disease prior to enucleation
and within 1 week of enucleation, for those with available
screening imaging the median TTM was 31.5 months
(range= 0.6–78.2 months) in the ESE cohort, compared to a
median TTM of 45.1 months (range= 0.4–149.8 months) in the
non-ESE cohort (p= 0.49) (Fig. 3).

ESE ≤5 mm compared to ESE >5 mm. Of the 32 patients with ESE,
the size of ESE was >5mm in 6 (18.8%) samples and ≤5mm in 26
(81.3%) samples. The median length of survival was 25.6 months
in those with ESE > 5mm and 33.5 months in those with
ESE ≤ 5mm. The median TTM was 18.5 months in those with
ESE > 5mm and 33.1 months in those with ESE ≤ 5mm.

Adjuvant EBRT compared to no adjuvant treatment. Of the 32
patients with ESE, 7 (21.9%) received adjuvant EBRT. One
additional patient was offered adjuvant EBRT but declined. The
indications for adjuvant radiotherapy included positive surgical
resection margins (n= 2), orbital tumour deposits (n= 1), multiple
high-risk features (n= 2), and large ESE (n= 2). Dosing regimens
included 65 Gy over 30 fractions for (n= 3) patients, 55 Gy over 20
fractions (n= 3), and 56 Gy over 33 fractions (n= 1).
The median length of survival was 33.5 months in the

adjuvantly-treated group and 34.6 months in the non-
adjuvantly-treated group. The median TTM was 18.5 months in
the adjuvantly-treated group and 73.3 months in the non-
adjuvantly-treated group.
One of the seven patients who received adjuvant EBRT

developed severe socket and fornix contracture requiring
surgical intervention.

DISCUSSION
Over a median follow-up period of 33.7 months, 52.9% of our
cohort died and of those with a known cause of death, 93% died
of metastatic UM. The median length of survival was 54.1 months
and the 1-year, 5-year and 10-year survival rates were 84.8%,
49.1% and 30.9%, respectively.
Around two-thirds of our cohort with ESE died over a median

follow-up period of 28.1 months and the length of survival was
significantly shorter compared to those without ESE, mirroring
similar evidence in the literature [10]. In addition, the trend
towards a shorter length of survival and TTM in those with
ESE > 5mm is in keeping the higher T-subclassification granted to
these tumours by the AJCC [17].
The underlying reasons for a shorter length of survival in the

ESE cohort are likely multi-factorial and may relate to more
advanced disease in those with ESE at time of enucleation. This is
reflected in our cohort by the higher proportion of AJCC stage 3
and stage 4 in the ESE cohort compared to the non-ESE cohort.
Inherent tumour characteristics likely also play a role as the
development of ESE may reflect particularly aggressive tumour
characteristics. In our ESE cohort, there was a trend towards a
higher proportion of samples with a diffuse growth pattern, mixed

Fig. 1 Outcome data for entire cohort. Kaplan–Meier plot of length
of survival (days) for entire cohort (upper plot) and Kaplan–Meier plot
comparing time-to-metastasis (days) for entire cohort (lower plot).
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or epithelioid cell type, a higher mitotic count, and presence of
extracellular matrix patterns, all of which are associated with
worse prognosis [16].
Our results also demonstrated that 49.7% of our cohort had

associated metastatic disease during our follow-up period with
46.7% of the non-ESE cohort being affected, compared with 64.5%
of the ESE cohort. Metastatic disease was present at or around the
time of enucleation in 8.8% of our entire cohort and in 19.4% of
patients with ESE, strengthening the case for multidisciplinary
input at all stages so that appropriate management for metastatic
disease can be instituted in a timely manner.
For those patients without metastatic disease at or around the

time of enucleation, the median TTM was 42.2 months and did not
statistically differ in those who had ESE compared with those who
did not, though there did appear to be a trend towards a shorter
TTM in the ESE group. The incidence of metastatic disease has
been reported to be influenced by histological factors, increasing
tumour size, ciliary body location, and genetic composition [10].
There have been few studies which have investigated the
mechanism by which ESE may lead to an increased propensity
for metastasis. In a healthy eye, lymphatic channels have only
been shown to be present in the conjunctiva [18]. There is some
evidence that the development of ESE may either allow tumour
invasion into existing lymphatic channels or promote lymphan-
giogenesis, providing a route for metastasis [19].
Of note, 18.6% of our cohort demonstrated histopathological

evidence of ESE. This proportion is higher than some other series
of enucleation samples reported in literature [10–13, 20], though it
should be noted that our cohort included secondary enucleations.

A recently published case series with a similar sample size to our
study has described a comparable rate of extraocular extension of
19.4% [21].
In our cohort, ESE was more likely to be found posterior to the

equator and to be <5mm in diameter, with a small proportion of
samples having only microscopic ESE detected on histopatholo-
gical assessment. It can also be seen that diagnosis of ESE pre-
enucleation can be challenging due to its posterior location and
relatively low detection rates on clinical and radiological assess-
ment. Ultrasound assessment is also impeded due to the
enhanced depth of imaging required leading to attenuation and
shadowing effects. The challenges in detecting posterior ESE
clinically and radiologically have also been described by Burris
et al. [20].
Orbital recurrence following enucleation have been reported in

the literature in up to 18% of UM with ESE [10, 22, 23]. Adjuvant
EBRT post-enucleation has been proposed to reduce the risk of
local recurrence and subsequent incidence of metastatic disease.
Its use to prevent local recurrence is a matter of debate and clear
evidence to guide clinicians on which patients benefit most from
this therapy does not currently exist. In our series, this treatment
was offered to those with ESE determined through multi-
disciplinary discussion to be at highest risk of local recurrence
and following a fully informed discussion with the patient. The
data in our series is understandably small though there was a
trend towards a shorter length of survival and shorter TTM in
those patients for whom adjuvant EBRT was offered, likely due to
the co-existence of other poor prognostic factors. However, in our
cohort there was only one instance of local recurrence, suggesting

Fig. 2 Outcome data for sub-analyses. a Kaplan–Meier plot comparing length of survival (days) between primary enucleation cohort and
secondary enucleation cohort; b Kaplan–Meier plot comparing time-to-metastasis (days) between primary enucleation cohort and secondary
enucleation cohort; c Kaplan–Meier plot comparing length of survival (days) for those who underwent secondary enucleation due to recurrence
of disease and those who underwent secondary enucleation for other indications. Median length of survival was 74.9 months for the former
group and not calculable in the latter group due to an insufficient event rate; d Kaplan–Meier plot comparing time-to-metastasis (days) for those
who underwent secondary enucleation due to recurrence of disease and those who underwent secondary enucleation for other indications.
Median length of survival was 64.2 months for the former group and not calculable in the latter group due to an insufficient event rate.

D. Sarode et al.

992

Eye (2023) 37:988 – 994



that current treatment modalities are successful in minimising the
rate of local recurrence.
Few studies have investigated the use of adjuvant EBRT for UM

[14, 15]. One analysis included 51 patients with histopathological
evidence of ESE post-enucleation, of which 22 had EBRT. The
authors found no cases of local recurrence and no difference in
survival rates within the 23-year study period. A high rate of
radiotherapy side effects including socket contracture, persistent
inflammation and discomfort, and implant exposure were noted
[15]. Of the 7 patients in our cohort who received EBRT, one
suffered severe socket and fornix contracture.

Limitations of this study
This study describes a cohort of patients who primarily reside in
Scotland and were managed at a single tertiary centre. Therefore,
the findings of this study are not directly comparable to other
populations where population demographics, offered treatments,
and treatment thresholds may differ.
In addition, the samples sizes within groups for some analyses

are relatively small. Therefore, particularly for sub-group analyses
of the ESE cohort, the analyses may not be powered to detect a
statistically significant difference if one does truly exist.
It is also important to note that this study included both

primary and secondary enucleations and therefore the lead-time
from diagnosis to enucleation and subsequent study endpoints is
likely to be heterogeneous. Certainly, comparative analyses
between these two groups demonstrated that those that
underwent primary enucleation were more likely to be older at
time of enucleation, have disease of a more advanced AJCC stage
at time of enucleation, have a shorter post-enucleation length of
survival, and have a shorter post-enucleation TTM than those that

underwent secondary enucleation. As expected, clinical hetero-
geneity in the secondary enucleation cohort was also present
with poorer clinical outcomes in those undergoing enucleation
following recurrence of intraocular disease compared to other
indications for secondary enucleation. Recurrence as a negative
prognostic indicator has been previously demonstrated in the
literature [24, 25] and similar findings to ours, specifically in
relation to cohorts undergoing secondary enucleation, have also
been described [26].

CONCLUSIONS
In our retrospective cohort study of patients with UM who
underwent enucleation and were managed at a tertiary service in
Scotland, over a median follow-up period of 33.7 months the
median length of survival was 54.1 months. For those without a
diagnosis of metastatic disease at or around the time of
enucleation, the median TTM was 42.2 months. Those patients
who underwent primary enucleation, compared to secondary
enucleation, were more likely to have poorer prognostic indicators
at the time of enucleation and had a significantly shorter length of
survival and TTM. Around one-sixth of patients had ESE and this
was more likely to be located posterior to the equator with a
diameter of <5mm, making clinical or radiological detection
challenging prior to enucleation. The presence of ESE was
associated with a significantly shortened length of survival and
there was also a trend towards a shorter TTM. Adjuvant EBRT was
offered to a small, selected subset of patients with ESE but the
length of survival and TTM remained poorer than in those patients
for whom it was not offered, likely because of the effects of high-
risk features on prognosis. There was only one instance of local
recurrence over the study follow-up period. This data provides
useful prognostic information for clinicians managing patients
with UM following enucleation as well as patients who have
undergone this treatment modality.

SUMMARY

What was known before

● Uveal melanoma has been shown to have an all-cause survival
rate of 47% at 15 years and a 10-year rate of developing
metastatic disease of 15%.

● In addition, there is no consensus on which patients should be
offered adjuvant EBRT post-enucleation to reduce the risk of
local recurrence.

What this study adds

● The data from this study will aid clinicians in imparting
important prognostic information for patients who have
underwent enucleation for UM.

● Extrascleral extension, particularly if more than 5mm in size, is
associated with a significantly shorter length of survival post-
enucleation.
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