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Abstract

Background/Objectives The Scottish Ocular Oncology Service (SOOS) manages all patients with uveal melanoma (UM) in
Scotland. Our aim was to determine the long-term all-cause and cause-specific survival of patients with UM, irrespective of
treatment modality.

Subjects/Methods A retrospective single-centre cohort study including all patients diagnosed with UM by the SOOS
between 1/1/1998 and 31/12/2002. Data from the SOOS database were correlated with death records held by National
Records of Scotland, which provided date, and all listed causes, of death for all deceased patients.

Results Two hundred and eighteen patients were newly diagnosed with UM between 1/1/1998 and 31/12/2002. One
hundred and fifteen (52.8%) were female. The mean (median) age at diagnosis was 63(65) years (range: 16-89). Of 179
choroidal melanomas, melanoma-specific survival was 92.3%, 87.4% and 83.8% at 5, 10 and 15 years, respectively. Cancer-
specific survival was 85.8%, 71.8% and 62.3%. All-cause survival was 81.6% (146/179), 62.0% (111/179) and 46.7%
(computed, fraction inexpressible). Of 26 ciliary body melanomas, melanoma-specific survival was 87.2%, 81.3% and
81.3% at 5, 10 and 15 years. Cancer-specific survival was 62.9%, 40.6% and 40.6%. All-cause survival was 61.5% (16/26),
38.5% (10/26) and 26.9% (7/26). Of 13 iris melanomas, at all three timepoints (5/10/15 years), melanoma-specific survival
was 100%, cancer-specific survival was 92.3%, and all-cause survival was 76.9% (10/13).

Conclusions Correlation of SOOS and national records survival data confirms 15-year melanoma-specific survival of 83.8%,
81.3% and 100% for choroidal, ciliary body and iris melanomas, respectively. We can now provide accurate survival data to

our patients in Scotland.

Introduction

Uveal melanomas (UMs) are the most common form of
primary intraocular malignancy and usually present as a
pigmented mass within the choroid, ciliary body or iris. UM
are rare, with an estimated incidence of six per million
per year with no gender predilection, although they are
8—-10x more common in Caucasian populations than non-
Caucasian populations [1-3].

UM are often asymptomatic, although may present with
varying degrees of visual loss. UM usually undergo hae-
matogenous spread that can lead to hepatic metastatic dis-
ease and ultimately death, variably reported to occur in
23.3-50% of cases within 15 years of diagnosis [4-12].
Treatment options range from localised globe-preserving
options, such as brachytherapy, proton beam therapy (PBT),
en bloc resection, endoresection and transpupillary ther-
motherapy, to enucleation, but none has been proven to be
successful in improving survival [4-6, 13—16].

The development of hepatic metastasis has been asso-
ciated with numerous risk factors including increasing
tumour dimensions (thickness and/or diameter), involve-
ment of the ciliary body, the presence of extraocular
extension and increasing age [17, 18]. Other tumour
features present that may indicate a poor prognosis on
histopathological examination include epithelioid cell
type, the presence of closed microvascular loops,
high mitotic activity, the presence of tumour-infiltrating
lymphocytes and tumour-infiltrating macrophages, and
higher expression of insulin-like growth factor-1 receptor
and human leukocyte antigen Class I and II. In addition,
Ip loss, 6q loss, 8q gain and monosomy 3 all indicate a
poorer prognosis [8].

SPRINGER NATURE

In 2010, the American Joint Committee on Cancer
(AJCC) released the 7th edition of the AJCC Cancer Sta-
ging Manual [19]. This was the first edition to include a
staging system for UM (choroid and ciliary body), based on
many of the risk factors mentioned in the preceding para-
graph: largest basal tumour dimension, tumour thickness,
and the presence of ciliary body involvement, extrascleral
extension, lymph node involvement and/or distant metas-
tasis. The AJCC staging system has become the most
popular means by which ocular oncologists classify UM in
order to estimate their patients’ outcomes.

This study was performed by the Scottish Ocular
Oncology Service (SOOS), which manages all patients with
UM in Scotland. Our primary aim was to determine the
long-term all-cause and cause-specific survival of patients
with UM, irrespective of their treatment modalities.

Materials and methods

A retrospective review of the SOOS patient database was
performed, recruiting all patients diagnosed with UM
(choroidal melanoma, ciliary body melanoma or iris
melanoma) between 1st January 1998 and 31st December
2002. This provided patient identifiers, clinical details and
survival status (including cause of death where relevant) for
patients diagnosed with UM over this 5-year period.
Further review of the patient’s clinical details was
undertaken, utilising the patient’s case notes and/or elec-
tronic clinical record (accessed via Clinical Portal, Orion
Health), radiological imaging, PBT treatment reports (where
available) and the histopathological reports of all enuclea-
tions performed. This process enabled cross-checking of the
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clinical details held by the SOOS patient database (in par-
ticular, the survival status =+ cause of death), and collection
of data regarding tumour size, location, and the presence of
extraocular extension, lymph node involvement or metas-
tasis. The above recruitment time period was chosen to
allow 15-year follow-up in our cohort, but the SOOS was
not yet performing cytogenetic analysis on histopathologi-
cal specimens at this time. Therefore, these data are not
available for any of the patients in this cohort.

The above data were correlated with death records held
by the National Records of Scotland, accessed via the
Scottish Cancer Registry (Information Services Division
[ISD] Scotland), which provided the date of death and all
listed causes of death for all deceased patients within our
cohort. Death was assumed in all cases where survival
status differed between sources.

Survival analysis was performed using the Kaplan—Meier
(KM) method for each tumour subtype (choroid, ciliary
body and iris). Cause of death data was used to perform
cause-specific survival analyses (cancer-specific and UM-
specific, hereafter referred to as “melanoma-specific”). The
classification of case diagnoses and causes of death was
based on the International Statistical Classification of Dis-
eases and Related Health Problems—ICD-9 (1979-1999)
and ICD-10 (2000 onwards). Cancer-specific deaths were
defined by the presence of at least one of: ICD-9 codes 140-
209 or 235-239; or ICD-10 codes B21, C00-C97 or D37-
D48. Melanoma-specific deaths were defined by the pre-
sence of at least one of: ICD-9 codes 190.5, 190.6, 190.8,
190.9 or 197.7 (liver metastasis); or ICD-10 codes C69.2,
C69.3, C69.4, C69.9 or C78.7 (liver metastasis). The ana-
lysis separately searched for the presence of any of in situ
neoplasms (ICD-9 codes 230-234, ICD-10 codes D00-D09)
or benign neoplasms (ICD-9 codes 210-229, ICD-10 D10-
D36) as a failsafe, but none of these codes was identified.

It must be noted that ICD-9 did not offer specific codes
for malignancies of the ciliary body or iris, and ICD-10, for
those of the iris. However, the codes included in our ana-
lyses offer a wide enough scope to detect any eye malig-
nancy, assuming that our patients with UM did not already
possess or develop another, unrelated, eye malignancy. Of
note, none of the ocular neoplasm ICD codes (ICD-9 codes
starting 190, ICD-10 codes starting C69) that were not
included in the definition of a “melanoma-specific death”
were observed at any stage in the analysis.

Summary statistics for survival at 5, 10 and 15-year
follow-up were highlighted. Kaplan—Meier graphs for
each UM subtype were produced using the SPSS soft-
ware. Survival was censored on the 31st December
2016 so that only patients diagnosed before 31st
December 2001 had at least 15-year follow-up. Our ana-
lysis assumed that all cases were diagnosed between the
ages 15 and 99, which all cases were. Cause-specific

survival also excluded deceased patients with missing
underlying cause of death information, of which there
were none. Unlike many other survival analyses that only
include the underlying (primary) cause of death, all causes
of death listed have been included in calculating cause-
specific survival.

The choroidal and ciliary body melanomas were cate-
gorized using the TNM classification system outlined in the
AJCC Cancer Staging Manual, and subsequently staged, as
described by the same system, into the categories I, [IA-B
and IITA-C [19, 20]. Kaplan—Meier survival analysis of each
staging classification was performed.

The survival outcomes of our cohort were compared with
a similarly-aged cohort of the Scottish general population.
The details of this are outlined in the results section.

The NHS Health Research Authority confirmed that no
ethical approval was required. This study adhered to the
tenets of the Declaration of Helsinki.

Results

Two hundred and twenty patients were diagnosed with a
UM by the SOOS between Ist January 1998 and 31st
December 2002. Of these, two patients were identified as a
recurrence of a previously diagnosed UM and were exclu-
ded from the analysis. Of the 218 remaining patients, 117
(52.7%) were female and the mean (median) age at diag-
nosis was 63 (65) years with a range of 16-89 years old.
Basic demographic data are presented in Table 1, alongside
summarised data regarding tumour thickness and largest
basal diameter.

One hundred and eighty-two of the 205 patients (88.8%)
with choroidal or ciliary body melanoma had sufficient data
to enable AJCC tumour classification and staging. Tumour
stages of these patients are presented in Table 2, accom-
panied by those reported in the initial study (n= 7369,
staging available for 5403) outlining this staging system, for
comparison [20]. Ten-year melanoma-specific survival rates
from both studies are presented.

Recorded cause of death

Of the 179 patients with choroidal melanoma, 98 died
within the study period. Of these 98 deaths, the death cer-
tificate reported liver metastasis or UM as a cause of death
in 24 cases (24.5%), and cancer (of any form) was listed as
a cause of death in 63 cases (64.3%).

Of the 26 patients with ciliary body melanoma, 19 died
within the study period. Of these, the death certificate
reported liver metastasis or UM as a cause of death in four
cases (21.1%), and cancer (of any form) was listed as a
cause of death in 14 cases (73.7%).
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Table 1 Patient demographics and tumour dimensions by uveal
melanoma type

All uveal Choroidal Ciliary Iris
melanoma melanoma body melanoma
melanoma
(n=218) (n=179) (n=26) (n=13)
Age (years)
Mean 63 63 60 61
Median 65 65 63 71
Range 16-89 29-89 16-82 23-83
Gender (n, (%))
Male 103 (47.2) 86 (48.0) 11 (42.3) 6 (46.2)
Female 115 (52.8) 93 (52.0) 15 (57.7) 7 (53.8)
Tumour dimensions (mm)
Availability of - 156/179 23/26 Not
information (87.1%) (88.5%) measured
(n, (%))
Largest basal - 11.6 14.5 N/A
diameter (mean)
Largest basal - 2.7-21.2 4.5-25.0 N/A

diameter (range)

Tumour - 6.1 9.2 N/A
thickness (mean)

Tumour thickness 1.0-18.0 2.0-16.0 N/A

(range)

Table 2 Patient cohort (ciliary body and choroidal melanoma only) by
American Joint Committee on Cancer (AJCC) tumour stage, compared
with Kujala et al.*

Stage  Current study (n = 182/205) Kujala et al. (JCO) (n = 5403/7369)

n % 10-year melanoma- n % 10-year melanoma-
specific survival specific survival
I 49 269 97.7% 1119 207 88%
1A 55 302 94.4% 1705 31.6 80%
1B 39 214 77.9% 1217 225 67%
mA 29 159 75.0% 913 169 45%
1B 7 3.8 Too few cases 383 7.1 27%
IC 3 1.6 Too few cases 66 1.2 Too few cases

Number of patients (n), percentage distribution (%) and 10-year
melanoma-specific survival rates (%) for comparative purposes

*The original study that led to development of the updated ciliary body
and choroidal melanoma classification and staging system outlined in
the seventh edition of the Cancer Staging Manual of the American
Joint Committee on Cancer

Of the 13 patients with iris melanoma, three died within
the study period. Of these, the death certificate reported
liver metastasis or UM as a cause of death in none of the
cases. Cancer (of any form) was listed as a cause of death in
one case (33.3%).

Melanoma-specific survival

For choroidal melanoma, melanoma-specific survival was
92.3%, 87.4% and 83.8% at 5, 10 and 15 years,
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respectively. For ciliary body melanoma, melanoma-
specific survival was 87.2% at 5 years, and 81.3% at both
10 and 15 years. And for iris melanoma, melanoma-specific
survival was the same, 100%, at 5, 10 and 15 years.
Kaplan—Meier survival results are presented in Fig. 1, while
Table 3 displays the survival estimates.

Cancer-specific survival

For choroidal melanoma, cancer-specific survival was
85.8%, 71.8%, 62.3% at 5, 10 and 15 years, respectively.
For ciliary body melanoma, cancer-specific survival was
62.9%, 40.6% and 40.6% at 5, 10 and 15 years. And for iris
melanoma, cancer-specific survival was the same, 92.3%, at
5, 10 and 15 years.

All-cause survival

For choroidal melanoma, all-cause survival was 81.6%
(146/179), 62.0% (111/179) and 46.7% (fraction cannot be
expressed as survival rate was computed due to the presence
of censored cases), at 5, 10 and 15 years, respectively. For
ciliary body melanoma, all-cause survival was 61.5% (16/
26), 38.5% (10/16) and 26.9% (7/26) at 5, 10 and 15 years.
And for iris melanoma, all-cause survival was the same,
76.9% (10/13), at 5, 10 and 15 years.

Survival estimates for all of these findings can be found
in Table 3. The large 95% confidence intervals seen with
the results for ciliary body and iris melanoma mortality
reflect the limited accuracy of these results due to relatively
small numbers of cases (and deaths) analysed.

Finally, in collaboration with the National Records of
Scotland, we identified a cohort of the Scottish general
population that, similar to a proportion of our study popu-
lation, were aged 65 in 1998 (n=48,599) [21]. This age
also matches the median age of our cohort. Mid-year
population estimates (which are matched to the results of
each UK census) were used to quantify the number of
people in this original cohort who had died by the years
2003, 2008 and 2013. This allowed the calculation of 5, 10
and 15-year all-cause survival rates for the general popu-
lation (aged 65 in 1998) that were 90.3%, 77.5% and
61.4%, respectively. Cancer-related deaths in this same
cohort (as provided by the Scottish Cancer Registry) were
used to further calculate the cancer-specific “mortality
rates” of the general population (aged 65 in 1998) that were
4.0%, 8.9% and 14.3% for 5, 10 and 15 years, respectively.

Discussion

This study has been performed in collaboration with the
Scottish Cancer Registry which, operated by ISD Scotland,
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aims to deliver timely, comparable and high-quality cancer
data [22]. Its data are self-audited by a variety of quality
assurance systems, and is externally audited by the United
Kingdom and Ireland Association of Cancer Registries
(UKIACR).

The Scottish Cancer Registry retrieves data regarding
death from National Records of Scotland (NRS), who in
turn retrieve this information from the Medical Certificate of
Cause of Death (MCCD). In the case of data regarding
cause of death, the listed diagnoses are converted to ICD-9
(1979-1999) and ICD-10 (2000 onwards) codes outlined by
the International Statistical Classification of Diseases and
Related Health Problems. NRS are regulated by the UK
Statistics ~ Authority—an independent body directly
accountable to Parliament, responsible for upholding the
quality and comprehensiveness of official statistics.

Correlation of survival data from the SOOS database and
national records confirms 15-year UM-specific survival of
83.8%, 81.3% and 100% for choroidal, ciliary body and iris
melanomas, respectively. Amongst the existing literature,
Kujala et al. [7] reported metastatic melanoma-related
survival in patients with either choroidal or ciliary
body melanoma of 50% at 15 years, McLean et al. [10]
reported mortality from metastasis in 46% at 15 years, while
Frenkel et al. [4] reported a 15-year melanoma-related mor-
tality rate of 23.3% [4, 7, 10]. Our results suggest that the
survival in patients with UM is greater in our population.

We believe that the disparity of our findings with those
previously published may be due in part to the high quality
of the data obtained from NRS through the Scottish Cancer
Registry, and the privilege of the SOOS in caring for all
patients with UM in Scotland—our study population. The
Scottish population may differ from those reported in the
literature in terms of ethnicity and genetic factors. In addi-
ton, the Scottish General Ophthalmic Services (GOS) con-
tract provides regular free eye examinations to all, with
almost universal availability of retinal cameras, enabling the
early detection of smaller UMs [23]. This may be reflected
by the larger proportion of smaller tumours seen in our
cohort when compared with those reported by Kujala et al.,
as outlined in Table 2 [20]. Early detection of small tumours
may be associated with reduced risk of metastasis, and
enables earlier treatment, also possibly associated with
reduced risk of metastasis [8, 14]. Finally, many of the
seminal publications that detailed UM-associated prognosis
included only patients who had undergone enucleation, at a
time when smaller tumours were observed, or possibly
managed less invasively [7, 10, 20]. The inclusion of
smaller tumours, diagnosed on clinical grounds, distin-
guishes our cohort (and others similar) from those that
included only patients that had undergone enucleation.

Considering our patients with ciliary body melanoma,
although the observed melanoma-specific survival rate was the
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lowest of the three cohorts, all of these deaths had occurred
within three years of diagnosis. As such, ciliary body mela-
noma was seen to cause a larger number of deaths in a shorter
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Table 3 Summary of survival at

5, 10 and 15 years (%) with
corresponding 95% confidence
intervals

Choroidal melanoma

Ciliary body

Iris melanoma

melanoma

(n=179) (n=26) (n=13)

Survival ~ 95% CI Survival  95% CI Survival  95% CI
5 years
Melanoma-specific survival =~ 92.3 87.1-954 872 65.0-95.7 100 N/A
Cancer-specific survival 85.8 79.7-90.2 629 40.7-78.7 923 56.6-98.9
All-cause survival 81.6 75.1-86.5  61.5 40.3-77.1  76.9 44.2-91.9
10 years
Melanoma-specific survival — 87.4 81.1-91.7  81.3 57.0-92.7 100 N/A
Cancer-specific survival 71.8 64.4-78.0  40.6 21.0-594 923 56.6-98.9
All-cause survival 62.0 54.5-68.7 385 20.4-56.3 769 44.2-91.9
15 years
Melanoma-specific survival ~ 83.8 76.7-89.0  81.3 57.0-92.7 100 N/A
Cancer-specific survival 62.3 54.3-69.3  40.6 21.0-594 923 56.6-98.9
All-cause survival 46.7 39.2-53.8 269 11.9-445 769 44.2-91.9

period of time than choroidal or iris melanoma, with limited
associated mortality after this initial high-risk period.

Using data from the National Records of Scotland, we
calculated 5, 10 and 15-year all-cause survival rates for the
general population (aged 65 in 1998) of 90.3%, 77.5% and
61.4%, respectively. Separately, melanoma-specific “mor-
tality rates” for the choroidal melanoma group were calcu-
lated by subtracting the calculated survival fractions (0.923,
0.874 and 0.838 at 5, 10 and 15 years) from 1. These
“mortality rates” (7.7%, 12.6%, 16.2% at 5, 10 and 15
years) were combined with the same group’s all-cause
survival rates (81.6%, 62.0% and 46.7%, respectively) to
identify the survival that might be hypothetically expected if
that patient did not have a UM (89.3%, 74.6% and 62.9% at
5, 10 and 15 years). These survival rates correspond closely
with the all-cause survival rates for the general population
calculated above (90.3%, 77.5% and 61.4%, respectively).
Although it is not practical to compare these groups
directly, we believe that the strength of our results is sup-
ported by the close similarities of the general population’s
calculated all-cause survival rates to the choroidal mela-
noma group’s all-cause survival rates plus the same cohort’s
calculated melanoma-specific “mortality rates”.

In our analyses, the difference between the cancer-specific
survival rate and the melanoma-specific survival rate repre-
sents the percentage of patients that died of a second cancer.
For the choroidal melanoma group, this percentage is 6.5%,
15.6% and 21.5% for 5, 10 and 15 years. These percentages
are higher at each timepoint than cancer-specific survival rates
of the general population (4.0%, 8.9% and 14.3%, respec-
tively) calculated in collaboration with the Scottish Cancer
Registry. It is unclear what proportion of this disparity is due
to a possibly increased rate of second cancers in Scotland, and
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what is due to melanoma-related deaths that have been missed
by our analysis.

Of the patients reported to be alive by the NRS, none
were identified as deceased on correlation with the SOOS
database or the patient’s case notes and/or electronic clinical
record (accessed via Clinical Portal, NHS Scotland). This
suggests that the identification of deceased patients by the
NRS is accurate.

Possible inaccuracy of the underlying/primary cause of
death and poor completion of the MCCD by the reporting
clinician may affect the accuracy of data obtained from
the MCCD [24, 25]. We hope to have compensated for
the possibility of having missed deaths due to UM by the
inclusion of cancer-specific and all-cause survival data.

Interrogation of the SOOS patient database, and subse-
quently the patients’ clinical records, enabled the collection
of the reported dataset. It did not provide complete data on
the treatments that patients received for UM. The wide
range of available local UM treatments has been discussed,
although none of these has been clearly proven to have any
effect on patient survival [14, 26, 27]. As such, our survival
analysis has been performed without considering tumour
treatments received.

The SOOS serves the population of Scotland (5,424,800
in 2017) and benefits from being able to report the char-
acteristics of UM in a country with a stable population [21].
Our findings will be useful in counselling patients with new
and previous diagnoses of UM within our service.

A further, larger, study performed in a population compar-
able to Scotland’s would be of clinical value to ascertain
whether there is geographical variation in UM prognosis, or
possibly, whether the overall prognosis of UM is improving. A
recently published study by Baily et al. reports another discrete
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stable population—the neighbouring Republic of Ireland—
which describes a similar epidemiology of UM, since the
establishment of their dedicated ocular oncology service in
2010 [28]. Survival rates have been calculated to four years
(88% overall cancer-specific survival, 95% CI:82-93) and
longer follow-up will allow comparison of survival outcomes
with this centre, and hopefully others, in the near future.

Correlation of survival data from the SOOS database and
national records confirms 15-year melanoma-specific sur-
vival of 83.8%, 81.3% and 100% for choroidal, ciliary body
and iris melanomas, respectively. These results contrast
with frequently cited findings of 50% metastatic melanoma-
related survival at 15-years. The authors hope that these
higher survival rates are due in part to the earlier detection
and treatment of smaller UMs in Scotland, but acknowledge
that our results are limited by a smaller cohort size, and by
the potential under-reporting of melanoma metastases.

Summary
What was known before

e Uveal melanoma (UM) usually undergoes haematogen-
ous spread that can lead to hepatic metastatic disease
and ultimately death, variably reported to occur in
23.3-50% of cases within 15 years of diagnosis.

e The Scottish Ocular Oncology Service (SOOS) manages
all patients with UM in Scotland.

What this study adds

e Correlation of Scottish Ocular Oncology Service and
national records survival data confirms 15-year mela-
noma-specific survival of 83.8%, 81.3% and 100% for
choroidal, ciliary body and iris melanomas, respectively.

e We can now provide relevant survival data to our
patients in Scotland.
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