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Abstract

Purpose: The Collaborative Ocular Melanoma Study (COMS) established modern treatment recommendations for
uveal melanoma. We aim to evaluate patterns of care and survival outcomes in the time after COMS.

Material and methods: The retrospective study population includes 2,611 patients in the SEER database treated for
uveal melanoma between 2004-2013. Patients stage were T1-4NOMO. Data analyzed included age, clinical stage, tumor
size, race, and treatment. Treatments included enucleation (EN) and globe preserving therapy (GPT), which consist-
ed of limited surgical resection or ablation (LSRA), external beam radiation (EBRT), or brachytherapy (BT). Patients
treated with radiation may receive radiation therapy alone (RTA) or radiation therapy and supplemental laser therapy
(RT+SLT). We evaluated disease specific survival (DSS) and overall survival (OS) using log-rank statistics, and Cox
univariate and multivariate analysis.

Results: The median follow-up was 44 months. Treatment strategy was EN in 538 (20.6%) patients, LSRA in
80 (3.1%), EBRT in 609 (23.3%), and BT in 1,384 (53.0%). 1,876 patients received RTA and 117 received RT+SLT. Enu-
cleation was associated with inferior DSS and OS compared to GPT in multivariate analysis (MVA) (p < 0.01). Limited
surgical resection or ablation and radiation had similar DSS and OS. Brachytherapy and EBRT had similar DSS and
OS. Radiation therapy and supplemental laser therapy was associated with improved DSS compared to RTA in UVA
(p = 0.03), but not MVA. The 5-year DSS for enucleation, RTA, and RT+SLT were 66.7%, 87.0%, and 94.7% (p < 0.01),
respectively.

Conclusions: Globe preserving treatments such as limited surgery or radiation are commonly utilized alternatives
to enucleation, and resulted in favorable survival outcomes. Additional research is required to compare the outcomes
of the various globe preserving treatment strategies.
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Purpose . . . .
p for medium sized tumors [3]. As survival rates are similar,

Choroidal melanoma is a rare but life threatening tu-
mor with an incidence of approximately 1,400 new cases
in the US every year, with an incidence of approximately
5 per 1 million individuals [1,2]. The Collaborative Ocular
Melanoma Study (COMS) demonstrated similar mortality
rates when comparing enucleation to plaque radiotherapy

selection of treatment has shifted toward eye preserving
modalities [4,5,6]. Local eye conservation therapy allows
for the treatment of tumors with 80% probability of globe
salvage and preservation of some visual function [7].
Plaque radiotherapy has become an important eye
conserving treatment for choroidal melanomas. As a form
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of brachytherapy, it provides radiation to the tumor with
a surgically implanted radioactive plaque placed on the
sclera directly over the intraocular tumor. Proton beam
radiation is an alternative to brachytherapy, which de-
livers a homogenous dose to the tumor, and may have
an advantage when the tumor is adjacent to sensitive
areas such as the fovea or optic nerve, as it spares normal
surrounding tissues. Local control after proton radiation
may be comparable to plaque radiotherapy [8]. Other
methods of external radiotherapy, such as radiosurgery,
have also been employed [9]. Prior retrospective cancer
registry studies have suggested that external beam radia-
tion may have similar survival outcomes compared to
brachytherapy [10]. However, their comparative effec-
tiveness has not yet been established through prospective
randomized studies.

Another form of localized therapy is transpupillary
thermotherapy (TTT), which uses infrared radiation to
deliver long diode laser treatment through the pupil to
the choroidal melanoma, resulting in tumor necrosis [11].
Transpupillary thermotherapy as a sole therapeutic op-
tion is limited to a select group of patients with more
pigmented tumors, less than 3.5 mm in thickness, base
diameter of less than 10.0, and tumors not abutting the
optic nerve [12]. For larger tumors, tumors touching the
optic disc, or tumors with high-risk features, thermother-
apy may be inadequate as the sole therapy, and plaque
radiotherapy or combined therapy may yield a better
outcome [12,13,14]. Few studies have reported the out-
comes of combination of plaque radiotherapy and sup-
plemental TTT in the management of choroidal melano-
mas [13,15,16].

Lastly, local resection of uveal melanoma can be done
through a scleral opening (exoresection) or in a piecemeal
fashion with a vitreous cutter (endoresection). Though
few surgeons utilize this treatment because of its techni-
cal difficulty, local resection has demonstrated conserva-
tion of the eye as well as vision [17].

Singh et al. previously reported a trend towards more
conservative management in uveal melanoma [1]. How-
ever, there is still limited data in the post-COMS era eval-
uating the patterns of care in the population of patients
with uveal melanoma, or comparing survival outcomes
of patients treated with enucleation and the various globe
preserving treatments. This retrospective study aims to
use surveillance, epidemiology, and end results data to
broadly evaluate patterns of care, and compare disease
specific and all-cause mortality following different treat-
ment modalities including enucleation, brachytherapy,
external beam radiation, and local therapy (laser ablation
or local resection) in the modern era in the United States.

Material and methods
Data source and study population

This analysis was conducted with retrospective data
from 18 registries of the National Cancer Institute’s Sur-
veillance, Epidemiology and End Results (SEER) program.
The SEER 18 registries cover about 30% of the US popu-
lation in 13 states. The SEER Program registries collect

data on patient demographics, primary tumor site, tu-
mor morphology and stage at diagnosis, first course of
treatment, and follow-up for vital status. A retrospective
analysis was performed using de-identified data gath-
ered from an individual case query on the SEER database
using SEER*Stat software version 8.5.3 [18]. The project
was exempted by the institutional review board.

Selection criteria included diagnosis year 2004-2013,
adult patients age 18-80, first primary cancer, and eye/orbit
site. Allowed International Classification of Diseases for
Oncology (ICD-0-3) [19] histology codes were 8720, 8730,
and 8770-8774 corresponding to melanoma histology.
A case file of 3,772 patients was generated from a search
using the above criteria. After review, 1,161 patients were
excluded from the study due to pre-defined exclusion cri-
teria such as no definitive treatment (n = 88), unknown
or incomplete staging data (n = 722), metastatic disease
at diagnosis (1 = 57), and conjunctiva location (n = 182).
Non-standard treatment such as combined external beam
radiation therapy (EBRT) and brachytherapy (BT) (n = 10),
enucleation (EN) and radiotherapy (1 = 39), or photody-
namic therapy (n = 4) were also excluded. A total of 2,611
remaining eligible patients were included in the study.

Uveal melanomas, as defined in this study, are tu-
mors with ciliary body or posterior choroidal locations
differentiated from iris and conjunctiva melanomas. Con-
junctival melanomas were not included as they are man-
aged differently and have a different staging system com-
pared to uveal melanomas. Uveal melanoma staging was
defined using the American Joint Commission on Cancer
(AJCC) 6t edition staging system [20]. Included patients
were AJCC 6th edition stage T1-T4, NO, MO.

Statistics

Four comparisons between treatment groups and
techniques were defined to evaluate survival outcomes of
commonly used treatment strategies for uveal melanoma
as seen in Figure 1. Comparison 1 evaluates enucleation
(EN) vs. globe preserving treatment (GPT). Globe pre-
serving treatment was defined as any definitive treatment
that spared the eye, and could include limited surgical
resection or ablation (LSRA), or radiation therapy (RT).
Explicitly, GPT included those patients treated with LSRA,
EBRT, or BT. Comparison 2 evaluates LSRA vs. RT. Radi-
ation for uveal melanoma can be given as EBRT or plaque
BT. External beam radiation therapy for uveal melanoma
is usually either proton radiotherapy or stereotactic radio-
surgery. Comparison 3 evaluates the radiation techniques
of BT vs. EBRT. Supplementary laser therapy is also given
as adjuvant therapy to radiation in some patients. While
the laser technique is not coded in SEER in the modern
era, TTT is the most common type of laser treatment de-
livered before or after radiation [13]. Therefore, the terms
are used interchangeably for the remainder of the study.
Comparison 4 evaluates radiation therapy alone (RTA)
without adjuvant laser therapy vs. radiation therapy and
supplemental laser therapy (RT+SLT). Ciliary body and
choroidal locations as well as all tumor sizes were includ-
ed in the analysis of the treatment comparisons to evalu-
ate patterns of care, as well as survival.
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Fig. 1. Flow diagram of study population and treatment comparisons

Disease specific survival (DSS), which is defined as time
to death from uveal melanoma, and overall survival (OS),
which is defined as time to death from any cause, were an-
alyzed for all comparisons. In SEER, the follow-up time is
defined as the time from diagnosis. The Wilcoxon rank sum,
Fisher’s exact test, and y? test were used to evaluate contin-
gency tables. The Kaplan-Meier method was used to estimate
survival, and the log-rank test was used to compare survival
curves. Univariate Cox proportional hazards models were
developed for each treatment comparison and for other co-
variates. Variables entered into the Cox proportional haz-
ards analysis included the treatment strategy, age, sex, race,
year of treatment, T-stage, and tumor location. The analysis
was repeated with the addition of tumor size as covariate,
as this important factor was known for only a subgroup
of patients. Significant factors from the univariate analysis
were entered into the multivariate model using a forward
stepwise procedure. All statistical tests were two-sided
and considered significant at p < 0.05. Statistical analyses
were performed with the Statistical Package for Social Sci-
ences, version 22 (IBM SPSS Statistics, Chicago, IL, USA).

Results
Patient, tumor, and treatment characteristics

The study population of 2,611 patients had a medi-
an follow-up of 44 months. Mean age at diagnosis was
58 years (range, 18-80 years). Tumor stage was T1 in 987

(37.8%) patients, T2 in 1,182 (45.3%), T3 in 401 (15.3%),
and T4 in 41 (1.6%). Tumor location was choroid in 2,303
(88.2%) of patients and ciliary body in 308 (11.8%). Of
1,166 patients with known tumor diameter, 411 (35.2%)
were small size (€10 mm), 478 (41.0%) were medium size
(11-16 mm), and 277 (23.8%) were large size (> 16 mm).

Enucleation was performed on 538 (21%) patients,
and GPT was performed on 2,073 (79%) patients. Limit-
ed surgical resection or ablation was the treatment given
to 80 (3%) patients, and RT was delivered to 1,993 (76%)
patients. Brachytherapy was delivered to 1,384 (53%)
patients, and EBRT was delivered to 609 (23%). Among
patients receiving radiation, 1,878 (72%) received RTA
without supplemental laser therapy, and 117 (4%) re-
ceived RT+SLT. The supplemental laser therapy was de-
livered after radiation in 96 patients, before radiation in
20 patients, and the sequence was unknown in one pa-
tient. Additional patient, tumor, and treatment informa-
tion is documented in Table 1.

Cause of death and survival

Among 514 patients who died in the follow-up period,
the most common causes of death were uveal melanoma
in 299 (58.2%) patients, other malignancy in 95 (18.5%),
and cardiovascular disease in 43 (8.4%) (Table 2). Among
all patients, the 3, 5, and 8-year DSS was 89.6%, 84.1%,
and 77.3%, respectively; and the 3, 5, and 8-year OS was
86.3%, 76.8%, and 67.2%, respectively. The 5-year DSS
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Table 1. Demographics and treatment in the study population

Factor Enucleation Globe preserving treatment EN vs. LSRA vs.
n % LSRA Radiation GPT RT
n % EBRT BT p value p value
n % n %
Total patients 538 80 609 1384
Follow-up (median) 36 months 65 months 50 months 44 months < 0.01 <0.01
Age (mean) 58 years 56 years 59 years 59 years ns ns
< 60 years 284 52.8 45 56.3 333 54.7 757 54.7
> 60 years 254 47.2 35 43.8 276 453 627 453 ns ns
Sex
Male 320 59.5 42 52.5 305 50.1 727 52.5
Female 218 40.5 38 47.5 304 49.9 657 47.5 <0.01 ns
Race
White 516 95.9 77 96.3 581 95.4 1321 95.4
Other 22 41 3 3.8 28 4.6 63 4.6 ns ns
Treatment year
2004-2008 293 54.5 51 63.8 312 51.2 618 447
2009-2013 245 45.5 29 36.3 297 48.8 766 55.3 < 0.01 <0.01
T-stage
T1 165 30.7 64 80.0 182 29.9 576 41.6
T2 179 333 12 15.0 315 51.7 676 48.8
T3 174 323 5.0 103 16.9 120 8.7
T4 20 3.7 0.0 9 1.5 12 0.9 <0.01 <0.01
Tumor diameter
Unknown 287 = 56 = 280 = 822 =
Small (£ 10 mm) 70 27.9 15 62.5 124 37.7 202 359
Medium (11-16 mm) 103 41.0 2 8.3 124 37.7 249 443
Large (> 16 mm) 78 31.1 7 29.2 81 24.6 111 19.8 < 0.01 <0.01
Tumor site
Choroid 454 84.4 20 25.0 535 87.8 1294 93.4
Ciliary body 84 15.6 60 75.0 74 12.2 90 6.5 <0.01 < 0.01
Laser therapy
No 539 100.2 67 83.8 595 97.7 1281 92.6
Yes 0 0.0 13 16.3 14 2.3 103 7.4 <0.01 <0.01
Surgery received
Plague brachytherapy 0 0.0 0 0.0 0 0.0 1385 100.0
Local tumor ablation 0 0.0 14 17.5 17 54.8 113 86.3
Local tumor excision 0 0.0 66 82.5 17 54.8 18 13.7
Enucleation 538 100.0 0 0.0 0 0.0 0 0.0 <0.01 <0.01

LSRA — limited surgical resection or ablation, EBRT — external beam radiation, BT — brachytherapy, EN — enucleation, GPT — globe preserving therapy

for stage T1, T2, T3, and T4 tumors were 90.6%, 82.0%,
71.9%, and 68.3% respectively (p < 0.01). The 5-year DSS
for small, medium, and large size tumors were 94.3%,
76.2%, and 78.6%, respectively (p < 0.01). The 5-year DSS
for EN, LSRA, RTA, and RT+SLT were 66.7%, 94.8%,
87.0%, and 94.7%, respectively (p < 0.01). Disease spe-
cific survival and OS outcomes according to treatment,

T-stage, tumor diameter, and tumor location are shown
in Figures 2-4.

Age > 60, white race, higher T-stage, and larger tumor
diameter were associated with increased risk of death from
uveal melanoma on univariate analysis as seen in Table 3.
These significant factors were entered into a multivariate
model for evaluation of the treatment comparisons as seen
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in Table 3. The multivariate model adjusted for the extent
of the tumor using the T-stage, which incorporates the size
and thickness of the tumor, but the model did not utilize the
exact tumor diameter, as this measurement was unknown
for 1,445 (55%) patients. A second multivariate model on
the subset of patients with known tumor size was generated
incorporating exact tumor diameter as a continuous vari-
able shown in Table 4. Post-hoc subgroup analyses based
on T-stage, size, and location for each treatment comparison
for DSS are also presented in Table 5. The following compar-
isons of treatment strategies incorporate the interpretation
of patient outcomes from both multivariate models and the
subset analysis, but hazard ratios are reported from the first
model as it incorporates the greatest number of patients.

Comparison 1: Enucleation vs. globe preserving
therapy

Comparison 1 included all 2,611 patients, and direct-
ly compared survival for 538 patients treated with enu-
cleation vs. 2,073 patients treated with globe preserving
therapy. These two groups were similarly balanced by
age and race. Patients receiving enucleation were more
likely to be diagnosed prior to year 2008 (p < 0.01), male
(p < 0.01), higher T stage (p < 0.01), larger tumor size
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Table 2. Causes of death in the study population

Cause of death Frequency %

Uveal melanoma 299 58.2
Other cancer 95 18.5
Cardiovascular disease 43 8.4
Cerebrovascular disease 9 1.8
Infection 9 1.8
Accident 7 14
Chronic obstructive pulmonary disease 6 1.2
Kidney disease 4 0.8
Liver disease 3 0.6
Diabetes 3 0.6
Alzheimer’s disease 2 0.4
Suicide 2 0.4
Unknown cause of death 32 6.2
Total 514 100.0
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Fig. 2. Disease specific survival according to treatment, t-stage, tumor diameter, and tumor location
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Fig. 3. Overall survival according to treatment, t-stage, tumor diameter, and tumor location

(p < 0.01), and ciliary body location (p < 0.01). Five-year
DSS for enucleation vs. globe preserving treatment were
66.7% and 87.9% (p < 0.01) (Figure 5A). The 5-year OS for
EN vs. GPT were 59.2% and 81.4% (p < 0.01) (Figure 4A).
Globe preserving therapy was associated with superi-
or DSS and OS on univariate and multivariate analysis
compared to EN (multivariate GPT vs. EN DSS HR 0.36,
95% CI: 0.29-0.45, p < 0.01), when adjusted for age, race,
and T-stage as seen in Table 3. The associations remained
significant when additionally adjusted for exact tumor
size as seen in Table 4, and are observed in every sub-
group as presented in Table 5.

Comparison 2: Local surgical resection or
ablation vs. radiation therapy

Comparison 2 included the 2,073 patients receiving
GPT, and directly compared survival for 80 patients re-
ceiving LSRA vs. 1,993 patients receiving RT. Of the pa-
tients receiving LSRA, 14 received local tumor ablation
and 66 received local tumor excision. The two patient
groups were similarly balanced by age, sex, and race. Pa-
tients receiving LSRA were more likely to be diagnosed
prior to year 2008 (p < 0.01), early stage (p < 0.01), small
tumor (p < 0.01), and located in ciliary body (p < 0.01).

Five-year DSS for LSRA vs. RT was 94.8% and 87.6%
(p = 0.02) (Figure 5B). The 5-year OS for LSRA vs. GPT
were 91.8% and 80.9% (p < 0.01) (Figure 4B). Local surgi-
cal resection or ablation was associated with superior DSS
and OS on univariate analysis compared to RT (univariate
RT vs. LSRA DSS HR 3.71, 95% CI: 1.18-11.59, p = 0.02).
However, this comparison was not significant for DSS or
OS on multivariate analysis. In subgroup analysis, LSRA
may be associated with improved DSS compared to RT in
patients with ciliary body tumors as seen in Table 5.

Comparison 3: External beam radiation therapy
vs. brachytherapy

Comparison 3 included the 1,993 patients receiving
RT, and directly compared survival for 1,384 patients
receiving BT vs. 609 patients receiving EBRT. These two
groups were similarly balanced by age and race. External
beam radiation therapy was more likely to be used in pa-
tients treated before year 2008 (p < 0.01), higher T-stage
(p <0.01), and larger tumors (p < 0.01). Five-year DSS for
EBRT vs. BT were 86.7% and 88.0% (p = 0.45) (Figure 5C).
The 5-year OS for EBRT vs. BT were 80.5% and 81.1%
(p = 0.77) (Figure 4C). There was no significant difference
in DSS or OS between patients treated with EBRT vs. BT
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Fig. 4. Overall survival according to treatment comparisons

on univariate and multivariate analysis or in subgroup
analyses.

Comparison 4: Radiation therapy alone vs.
radiation therapy and supplemental laser therapy

Comparison 4 included the 1,993 patients receiving
radiation therapy, and directly compared survival for
1,876 patients receiving radiation therapy alone vs. 117
patients receiving radiation therapy and supplemental
laser therapy. Age, sex, and race was balanced between
groups. Radiation therapy and supplemental laser thera-
py was more likely to be used prior to year 2008 (p < 0.01),
lower T-stage (p < 0.01), smaller size (p < 0.01), and cho-
roid location (p = 0.02). Five-year DSS for RTA vs. RTSLT
was 87.0% vs. 94.7% (p = 0.03) (Figure 5D). The 5-year
OS for RTA vs. RTSLT were 80.5% and 86.5% (p = 0.06)
(Figure 4C). Radiation therapy and supplemental laser
therapy was associated with improved DSS compared to
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RTA (univariate RTSLT vs. RTA DSS HR 0.46, 95% CI:
0.22-0.94, p = 0.03) in the univariate analysis. However,
this benefit was not observed in the multivariate anal-
ysis. In subgroup analysis, the benefit of supplemental
laser therapy appears to be in patients with T1 or T2 tu-
mors, and tumors in choroid locations as presented in
Table 5. There was no significant effect on the sequence
of laser treatment and radiation on DSS (p = 0.08) or OS
(p = 0.50).

Discussion

Collaborative Ocular Melanoma Study
and indications for enucleation

The Collaborative Ocular Melanoma Study conclud-
ed that there was no difference in the 5-year and 12-year
melanoma-related mortality with medium sized choroi-
dal melanomas treated with %I brachytherapy or enucle-
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Table 3. Univariate and multivariate analysis of treatment comparisons and covariates for disease specific

and overall survival

Factor UVA of DSS MVA of DSS UVA of OS MVA of OS
HR (95% Cl) p HR (95% Cl) p HR (95% Cl) p HR (95% Cl) p

Comparison 1

EN Reference Reference Reference Reference

GPT 032 (0.26-0.40) <0.01 0.36(0.29-0.45) <0.01 0.40(0.33-0.47) <0.01 0.45(0.37-0.54) < 0.01
Comparison 2

LSRA Reference Reference

RT 3.71(118-11.59)  0.02 017 3.57(1.48-8.63) <0.01 0.05
Comparison 3

EBRT Reference Reference

BT 0.88 (0.66-1.18)  0.39 0.20 0.96 (0.76-1.20) 0.72 0.38
Comparison 4

RTA Reference Reference

RT+SLT 0.46 (0.22-0.94) 0.03 0.18 0.62(0.38-1.01) 0.06 0.21
Age

< 60 years Reference Reference Reference Reference

> 60 years 1.56 (1.26-1.92) < 0.01 159 (1.28-1.95) < 0.01 1.999 (1.67-2.37) < 0.01 2.00 (1.68-2.39) < 0.01
Sex

Male Reference Reference

Female 0.86 (0.69-1.06) 0.16 0.83 (0.70-0.99) 0.04
Race

White Reference Reference Reference

Non-white 0.44 (0.21-0.93) 0.03 0.45(0.21-0.96) 0.04 0.73 (0.45-1.19) 0.21
Treatment year

2004-2008 Reference Reference

2009-2013 0.96 (0.74-1.24)  0.75 1.03 (0.83-1.27) 0.81
T stage

T1 Reference Reference Reference Reference

T 215 (1.62-2.84) <0.01 226 (1.71-2.98) <0.01 164 (1.32-203) <001 170(137-2.11) < 0.1

T3 454 (331-6.24) <0.01 3.61(2.62-4.99) <0.01 3.48(2.71-447) <0.01 2.95(2.29-3.81) < 0.01

T4 3.56 (1.78-7.15) < 0.01 2.72 (1.35-5.47) <0.01 2.84 (1.61-5.04) <0.01 2.34(1.31-4.15) < 0.01
Tumor diameter

Small (£ 10 mm) Reference Reference

Medium (11-16 mm) 4554 (3.03-6.79) < 0.01 2.69 (2.01-3.60) < 0.01

Large (> 16 mm) 4.19 (2.72-6.45) < 0.01 2.84 (1.96-3.69) < 0.01
Tumor site

Choroid Reference Reference

Ciliary body 1.27 (0.95-1.70)  0.11 1.18 (0.92-1.50) 0.1

EN — enucleation, GPT — globe preserving therapy, LSRA — limited surgical resection or ablation, RT — radiation therapy, EBRT — external beam radiation,
BT - brachytherapy, RTA — radiation therapy alone, RT+SLT - radiation therapy and laser

ation [21]. Although our analysis appears to suggest that
conservative localized therapy may be associated with
greater disease specific and overall survival compared to
enucleation, even when adjusted for tumor stage and tu-
mor size, this result should be interpreted very cautiously
as SEER data is retrospective and non-randomized. Our
retrospective data represents a lower level of evidence

compared to the previously published COMS random-
ized studies and does not supersede their conclusions.
Instead, our data does suggest that in the modern
era, there has been a shift in the patterns of care towards
the use of enucleation in patients with larger tumors or
more advanced T-stage, with globe-preserving thera-
pies preferred for those patients with smaller tumors.
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Table 4. Multivariate analysis of treatment comparisons and covariates for disease specific and overall survival,
incorporating tumor diameter as a continuous variable

Factor MVA of DSS MVA of OS
HR (95% Cl) p HR (95% Cl) p
Comparison 1
EN Reference Reference
< 0.01 <0.01
GPT 0.35 (0.27-0.47) 0.42 (0.33-0.53)
Comparison 2
LSRA
0.58 0.66
RT
Comparison 3
EBRT
0.17 0.12
BT
Comparison 4
RTA
0.36 0.88
RT+SLT
Age
<60 years Reference Reference
< 0.01 < 0.01
> 60 years 1.48 (1.14-1.92) 2.00 (1.68-2.39)
Race
White Reference Reference
, 0.01 0.03
Non-white 0.17 (0.04-0.69) 0.43 (0.20-0.91)
T stage
T1 Reference Reference
T2 3.13 (2.10-4.67) < 0.01 2.12 (1.58-2.86) < 0.01
T3 4.28 (2.68-6.83) <0.01 3.16 (2.21-4.53) < 0.01
T4 4.45 (1.84-10.76) 0.01 3.15 (1.50-6.63) < 0.01
Tumor diameter (continuous) 0.999 (0.996-1.002) 0.64 1.000 (0.997-1.003) 0.90

MVA — multivariate analysis, DSS — disease specific, OS — overall survival, EN — enucleation, GPT — globe preserving therapy, LSRA — limited surgical resection
or ablation, RT — radiation therapy, EBRT — external beam radiation, BT — brachytherapy, RTA — radiation therapy alone, RT+SLT — radiation therapy and laser

Table 5. Post-hoc subgroup analysis of treatment comparisons according to tumor stage, tumor size, and tumor site

Factor

Comparison 1

Comparison 2

Comparison 3

Comparison 4

EN vs. GPT

LSRA vs. RT

EBRT vs. BT

RTA vs. RT+SLT

HR (95% CI)!

HR (95% CI)2

HR (95% CI)3

HR (95% Cl)*

Tumor stage

Tland T2

0.33 (0.26-0.43)

3.06 (0.98-9.60)

1.00 (0.71-1.40)

0.47 (0.22-1.00)

T3 and T4

0.50 (0.33-0.74)

20.65 (0.00-NR)

0.96 (0.53-1.74)

1.14 (0.16-8.43)

Tumor diameter

Small (£ 10 mm)

0.36 (0.17-0.77)

0.92 (0.12-6.88)

1.20 (0.45-3.21)

0.04 (0.00-12.35)

Medium (11-16 mm)

0.47 (0.32-0.67)

0.36 (0.05-2.58)

0.99 (0.63-1.55)

0.76 (0.33-1.75)

Large (> 16 mm)

0.25 (0.15-0.39)

21.22 (0.00-NR)

1.12 (0.56-2.24)

0.83 (0.11-6.10)

Tumor site

Choroid

0.33 (0.27-0.42)

0.98 (0.24-3.94)

0.98 (0.72-1.35)

0.44 (0.21-0.93)

Ciliary body

0.27 (0.16-0.45)

12.70 (1.72-93.9)

0.60 (0.27-1.35)

1.32 (0.18-9.78)

EN —enucleation, GPT —globe preserving therapy, LSRA —limited surgical resection or ablation, RT — radliation therapy, EBRT — external beam radiation, BT — brachytherapy,
RTA — radiation therapy alone, RT+SLT — radiation therapy and laser

Hazard ratios presented are unadjusted hazard ratios for disease specific survival in the subgroup. NR —not reported, as upper limit of hazard ratio is greater than 100
ILower number favors globe preserving treatment, “Lower number favors radiation, >Lower number favors brachytherapy, *Lower number favors radiation and sup-
plemental laser treatment
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A Comparison 1: Enucleation vs.
globe preserving treatment
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Disease specific survival
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Fig. 5. Disease specific survival according to treatment comparisons

Thus, enucleated patients in the study already had more
advanced disease and increased risk of metastasis, and
therefore would be at a risk for decreased survival.
The 5-year overall survival of 59% for enucleation in the
current study is lower than that observed in the COMS
medium study (82%) [3], but was similar to that observed
in the COMS large study (57%) [22], providing additional
support suggesting that our survival results for enucle-
ation can be explained by a shift in patterns of care to-
ward larger tumors.

One study by Zimmerman and McLean postulated
that enucleation might adversely lead to a rapid rise in
mortality during the second post-enucleation year. They
observed that the fatality rate of patients with posterior
uveal melanomas increased from 1% before enucleation
to 8% during the second year after enucleation. They at-
tribute an increase in metastasis to a shower of emboli
released during enucleation, when there is an intraocu-

lar pressure spike upon cutting the optic nerve causing
dissemination of tumor cells through the vortex veins
into systemic circulation [23]. However, concerns about
the Zimmerman hypothesis are no longer entertained as
more recent evidence suggests that micrometastases oc-
cur months before enucleation [24].

Additionally, our results agree with COMS in sug-
gesting that survival outcomes for localized therapy were
not inferior compared with enucleation. These findings
support the continued use of globe preserving treat-
ments. However, we cannot extrapolate these results to
juxtapapillary melanomas or melanoma with extraocu-
lar extension, as this information is unavailable in SEER.
Ultimately, we believe that the decision between globe
preservation treatments and enucleation should be an in-
dividualized decision based on patient preferences, and
the feasibility of preservation due to vision status, tumor
location, and tumor size.
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Local surgical treatment or laser ablation versus
radiation for globe preservation

Our study found increased overall survival for cho-
roidal melanoma patients treated with local resection
versus radiotherapy. However, the results were not sta-
tistically significant in the multivariate analysis when
adjusted for age, race, and stage of tumors. Local resec-
tion techniques are technically difficult, and are only uti-
lized in select cases of ciliary or iris tumors or peripheral
choroidal melanomas. Two methods of local resection
include exoresection, which involves a partial lamellar
sclerouvectomy (PLSU) and endoresection, which is done
using a vitreous cutter during a pars plana vitrectomy.
Similar to our results, Augsburger and Bechrakis found
no statistically significant difference in the survival rate
of patients treated with local resection versus plaque ra-
diotherapy [25,26]. Visual outcomes after PLSU appear
to be better than radiation treatment. Bechrakis ef al. re-
ported that 61.61% of eyes harboring a large uveal mela-
noma retained visual acuity of > 20/200 compared with
only 5.6% of eyes after 12 brachytherapy [16]. In another
study of 162 patients with choroidal melanoma treated
with local resection, 57% of patients had 6/12 or better
vision, and 93% of these patients having vision of count-
ing fingers or better [17].

Exoresection complications include risk of extrascleral
tumor dissemination or wound leakage, vitreous hemor-
rhage, and perforation of the retina [27]. A major compli-
cation of endoresection is the concern that there may be
intraoperative dissemination of tumor cells, which could
lead to recurrences. Devitalizing the tumor cells with pre-
operative irradiation before endoresection may decrease
this risk, though no prospective studies addressing this is-
sue exist [28]. A few patients in the SEER data received lo-
cal tumor excision in addition to radiation, and therefore
it is not possible to evaluate survival outcomes after this
combined treatment strategy given the small sample size.

Our analysis indicates that survival outcomes are
similar in local resection versus radiation. Exoresection is
helpful in cases of anteriorly located tumors with ciliary
body infiltration. For larger tumors with poor prognosis,
local resection may be helpful in decreasing the tumor
burden from the eye, lowering the risk for toxic tumor
syndrome, which can occur after irradiation as well as
provide histopathologic and cytogenetic information
about the tumor. When feasible, local resection might be
advantageous to primary irradiation in decreasing radia-
tion-induced side effects such as neovascularization and
secondary glaucoma, which may lead to better visual out-
comes.

External beam versus brachytherapy

There was no significant difference in the 5-year sur-
vival of patients with EBRT versus brachytherapy in our
analysis. Though there are no randomized control trials
comparing these two treatment modalities for choroidal
melanoma, other studies have reported similar results.
One previous study of the SEER database also showed no
difference in survival between the two treatment modali-

ties [10]. The current analysis did not include information
on the radio-isotope used for brachytherapy treatment,
but 1?1 is one of the most commonly used isotopes for
this purpose in the United States. Alternatively, some
centers have used other isotopes such as 1®Ru [29] or St
[29] for ocular brachytherapy.

If survival is equivalent, then the choice of radiation
treatment may depend on the differential side effects of the
two treatments. Patients treated with radiotherapy devel-
op various side effects such as radiation retinopathy, pa-
pillopathy, and cataracts. During external beam radiation,
charged particles pass through lids, conjunctiva, cornea,
iris, lens, vitreous, and retina before reaching the posteri-
or uveal melanoma. Therefore, this treatment can be more
prone to anterior segment and adnexal complications.
When compared with charged particle radiotherapy com-
plications, plaque radiotherapy results in more severe ra-
diation retinopathy and optic neuropathy, because plaque
irradiation is deposited over the area of the posterior tu-
mor [10]. Eleven percent of patients in one study of 630 pa-
tients with macular choroidal melanoma treated with EBRT
eventually required enucleation due to side effects and tu-
mor recurrence [30]. A review of 1,019 patients with uveal
melanoma treated with plaque brachytherapy showed that
6% eventually required enucleation of the affected eye [31].
The most common reasons for enucleation in this series in-
cluded tumor recurrence and neovascular glaucoma.

Visual outcomes vary depending on location and size
of the tumors. In a meta-analysis of seven series, 44.6%
of patients treated with radiation alone have maintained
better than, or equal to 20/200 vision at an average of 53
months after radiation therapy [32]. Our data suggests
that EBRT and brachytherapy provide similar efficacy
in tumor treatment. However, our patterns of care data
show that plaque radiotherapy in particular, which was
used in 53% of the patients, has become one of the most
popular alternatives to enucleation.

Potential benefits of supplemental laser therapy
in addition to radiation treatment

Supplemental laser treatment, such as transpupillary
thermotherapy, in addition to radiation may provide bet-
ter local tumor control in selected patients, but was un-
commonly used in our SEER patterns of care analysis. All
choroidal melanomas regardless of size have the poten-
tial for metastasis, and it is unclear if treating these small-
er tumors prevents metastasis. However, in melanomas
of other organs, early treatment of the tumors does seem
to improve survival [33]. It seems logical that adminis-
tration of early and effective treatment may increase sur-
vival. There are several benefits of transpupillary thermo-
therapy such as the ability to treat tumors with thickness
of more than 5 mm, and the ability to decrease the amount
of radiation in the plaque thus limiting the risk for radia-
tion retinopathy. In addition, adjuvant hyperthermia has
been shown to make cancers more sensitive to radiation
[34]. This may offer improved local control of posterior
uveal melanoma tumors, and therefore decreased risk of
systemic spread. TTT alone may be insufficient to induce
complete tumor necrosis, especially when there is intra
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or episcleral tumor invasion [35]. Transpupillary ther-
motherapy as an adjunctive treatment has been shown
to cause faster tumor regression after brachytherapy in
Monosomy 3 choroidal tumors [36]. Several studies have
reported a low-rate of recurrence for combination thera-
py compared to primary plaque radiotherapy or primary
TTT. Shield et al. reported a 22% recurrence rate at 3-year
follow-up with sole treatment of TTT versus a 3% rate of
recurrence with combined plaque radiotherapy and TTT
[13]. Badiyan et al. reported the results of %I episcleral
plaque brachytherapy with or without TTT in 526 patients
with uveal melanoma [15]. In this series, TTT was selec-
tively used in patients at high-risk of recurrence, based
on ultrasonic evaluation of plaque tilt. This risk-stratified
treatment strategy also resulted in a low local recurrence
rate of 3.6%.

The SEER data identified an association of RT+SLT
with improved survival from uveal melanoma compared
to radiation alone on the univariate analysis with a re-
markable absolute difference of 87% vs. 95% at 5-years.
However, this association was not significant on the mul-
tivariate analysis, and therefore the survival differences
could be attributed to treatment selection bias. Indeed,
our patterns of care data suggest that supplemental la-
ser therapy was more often used in patients with earlier
T-stage and smaller tumors. Therefore, our study could
not confirm if TTT or other supplemental laser therapies
impact survival. More research is needed to determine
whether the possible improved local control associated
with supplemental laser therapy in addition to radiation
translates into improved survival.

Limitations

The current retrospective study broadly surveyed the
United States SEER database in the modern era to evaluate
recent patterns of care, and to report survival outcomes.
The retrospective nature of this analysis results in many
limitations and significant caution should be applied to
the interpretation of the survival comparisons in this
study, as selection bias in the choice of treatments may be
a confounder in estimating the effect of treatment strategy
on patient survival. Most importantly, the results in this
study do not supersede the observation in a randomized
trial that enucleation and brachytherapy result in similar
survival outcomes in uveal melanomas of medium size
[21]. Additional limitations of this study include absence
of tumor data such as anatomical location, proximity to
optic nerve and foveola, largest thickness, pigmentation,
and presence of subretinal fluid. The exact tumor size was
not known for a substantial proportion of the patients, but
the analysis was repeated in the subset of patients with
known tumor size to confirm our results. Additionally, the
apical height of the tumor, another important prognostic
factor, was not analyzed in this population, except as an
integrated factor in the T-stage. The radio-isotope used for
those patients treated with brachytherapy was unknown
in this study. The SEER data does not report any final vi-
sual potential after treatment nor is there any data on the
toxicity of treatment. In addition, our median follow-up
time of 44 months only allows us to reasonably compare

survival of these patients at 5 years. In addition, details
about radiotherapy treatment protocols are not provided
in the SEER database. Our data does not differentiate risk
of metastasis and death based on the newest gene expres-
sion profiling techniques. Gene expression profiling tech-
niques-based risk assessment may be the most accurate
method for predicting survival [37].

Conclusions

For patients with uveal melanoma treated in the mod-
ern era, this retrospective analysis of the SEER database
shows that globe preserving treatment is used in a ma-
jority of patients with uveal melanoma, and the surviv-
al outcomes support its continued use as an alternative
to enucleation. External beam radiation therapy and
brachytherapy have similar survival outcomes. Prospec-
tive trials are necessary to determine the long-term sur-
vival of these patients treated with the various strategies.
Over the next decade, there is a hope that genetic meth-
ods can better identify patients with high-risk for recur-
rence or metastasis, and so that physicians can administer
timely and appropriate treatment to improve these pa-
tients” survival as well as achieve preservation of vision.
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