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IMPORTANCE Early detection of choroidal melanoma at a small tumor size is emphasized in
the literature. However, there is little published information on the specific risks of
plaque-irradiated small choroidal melanoma on visual acuity and metastasis.

OBJECTIVE To analyze outcomes of plaque radiotherapy for small choroidal melanoma 3 mm
in thickness or less.

DESIGN, SETTING, AND PARTICIPANTS This retrospective noncomparative series at a tertiary
referral center included 1780 consecutive patients who had received plaque radiotherapy
treatment for small choroidal melanoma.

MAIN OUTCOMES AND MEASURES Visual acuity outcomes and melanoma-associated
metastasis, assessed by Kaplan-Meier analyses.

RESULTS The mean (SD) patient age at melanoma diagnosis was 58 (14) years. Of 1780
patients, 908 were female (51.0%), and 1752 were white (98.4%). Visual acuity was 20/40
OU or better in 1276 of the patients (71.7%), and the mean (SD) visual acuity was 20/40
(20/50) OU (median, 20/30; range, 20/20 to counting fingers). The mean (SD) tumor basal
dimension was 8.8 (2.9) mm (median, 8.0 mm; range, 2.0-20.0 mm) and mean (SD) tumor
thickness was 2.6 (0.5) mm (median, 2.7; range, 0.2-3.4 mm). Mean (SD) distance to the
foveola was 3.4 (3.9) mm and to the optic disc was 3.7 (3.7) mm. The Kaplan-Meier rate of
visual acuity loss (�3 Snellen lines) was 9.5% (95% CI, 8.2%-11.0%) at 1 year, 39.2% (95% CI,
36.5%-42.0%) at 5 years, and 48.9% (95% CI, 45.6%-52.3%) at 10 years, whereas poor
visual acuity (�20/200) was 7.1% (95% CI, 5.9%-8.4%) at 1 year, 38.2% (95% CI,
35.5%-41.1%) at 5 years, and 53.5% (95% CI, 50.1%-57.1%) at 10 years. Regarding
melanoma-associated metastasis, the rate was 0.2% (95% CI, 0.09%-0.6%) at 1 year, 4.5%
(95% CI, 3.4%-5.9%) at 5 years, and 8.8% (95% CI, 6.9%-11.1%) at 10 years. Using 1.0-mm
thickness increments, the 10-year risk for metastasis was 25.0% (95% CI, 3.9%-87.2%) at
0-mm to 1.0-mm thickness, 5.9% (95% CI, 2.5%-13.5%) at 1.1-mm to 2.0-mm thickness, 8.1%
(95% CI, 5.9%-11.0%) at 2.1-mm to 3.0-mm thickness, and 13.4% (95% CI, 8.7%-20.4%) at
thicknesses greater than 3.0 mm. The greater relative risk (RR) for metastasis in thinnest
tumors was 1.83 (95% CI, 1.09-3.07), which likely represented more aggressive diffuse (flat)
melanoma. By multivariable analysis, clinical features predictive of melanoma-associated
metastasis included increasing patient age (RR, 1.32 [95% CI, 1.07-1.63] per decade; P = .01),
tumor diameter (RR, 1.15 [95% CI, 1.06-1.24] per mm; P < .001), tumor thickness (RR, 2.22
[95% CI, 1.22-4.05] per mm; P = .01), photopsia symptoms (RR, 2.45 [95% CI, 1.35-4.43];
P = .003), and prior treatment before plaque radiotherapy (RR, 3.31 [95% CI, 1.31-8.33];
P = .01).

CONCLUSIONS AND RELEVANCE This retrospective study suggests that small choroidal
melanoma treated with plaque radiotherapy has a 10-year risk for visual acuity loss of 48.9%
(95% CI, 45.6%-52.3%) and a 10-risk of systemic metastasis of 8.8% (95% CI, 6.9%-11.1%).
In this analysis, each millimeter of increasing thickness and diameter contributed risk for
metastatic disease.
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T here is considerable attention to the early identifica-
tion and treatment of small choroidal melanoma, gen-
erally defined as a tumor 3 mm or less in thickness

(<3.5 mm, rounded to the whole number).1-10 Small choroidal
melanoma can clinically simulate nevus, and there are clini-
cal, cytologic, and cytogenetic features that can serve to dif-
ferentiate these conditions.5,6,8-12

Clinical risk factors, such as greater tumor thickness, pres-
ence of symptoms, subretinal fluid, orange pigment, ultrasono-
graphichollowness,andtumorlocationneartheopticdisc,among
others, are routinely used to identify choroidal melanoma at its
earliest point, a time when intervention could affect life
prognosis.5,8 Cytogeneticabnormalitiesinchromosomes3,6,and
8 are likewise important in melanoma risk for metastasis.11 A re-
cent analysis of 1059 patients with uveal melanoma revealed
severalclinicalfindingsthatwerepredictiveofcytogeneticaltera-
tions associated with high-risk status for metastasis.11,12 For chro-
mosome 3 abnormalities, the clinical features included tumor
location in the ciliary body (odds ratio [OR], 8.17 [95% CI,
3.10-21.54]), increasing tumor thickness (OR, 2.70 [95% CI,
1.92-3.81]), increasing tumor base (OR, 2.59 [95% CI, 1.92-3.49]),
and older age (OR, 1.83 [95% CI, 1.40-2.40]).12 For chromosome
8p abnormalities, the features included tumor location in the cili-
ary body (OR, 53.9 [95% CI, 2.86-101.6]), increasing tumor thick-
ness(OR,5.15[95%CI,2.75-9.59]),andocularmelanocytosis(OR,
3.95 [95% CI, 1.08-14.5]). For chromosome 8q abnormalities, the
features included tumor location in the ciliary body (OR, 102.9
[95% CI, 6.25-169.2]), increasing tumor thickness (OR, 4.44
[95% CI, 2.89-6.83]), and ocular melanocytosis (OR, 2.75 [95% CI,
1.01-7.57]).12 Regarding tumor size, chromosome 3 mutation was
found in 35% of small melanomas (≤3 mm thickness), 52% of me-
dium melanomas (>3 to 8 mm), and 65% of large melanomas
(>8 mm), correlating with metastatic risk.11 A recent publication13

has demonstrated that choroidal nevi with slow growth to mela-
noma (>1 year) are cytogenetically less aggressive than nevi with
fast growth (≤1 year). Kim et al14 and Shields et al15 have evalu-
ated techniques and complications of genetic testing of small
melanoma, and, despite thin tumors, a 91% yield for cytopathol-
ogy was achieved.

Regardless of the effort in the early detection of uveal mela-
noma, there remains little information on the specific risks of
plaque-irradiated small choroidal melanoma on visual acuity
and metastasis. In this study, we focus on small choroidal mela-
noma managed conservatively with plaque radiotherapy to
assess visual outcome and precise risk for metastasis for the
entire patient group and by single-millimeter and partial-
millimeter thickness increments.

Methods
A retrospective medical record review was performed for all
patients diagnosed with small choroidal melanoma measur-
ing 3.4 mm or less in thickness (or ≤3 mm by whole-number
measurements) by ocular ultrasonography who were man-
aged with plaque radiotherapy on the Ocular Oncology Ser-
vice, Wills Eye Hospital, Thomas Jefferson University, Phila-
delphia, Pennsylvania, from June 27, 1977, to December 21,

2015. This study was approved by the institutional review board
of the study institution and adhered to the tenets of the Dec-
laration of Helsinki. Informed consent was waived because of
the use of deidentified patient data.

Some of the patients in this analysis may have been in-
cluded in previous analyses on clinical features and risk fac-
tors for tumor growth, multi-imaging features, and outcomes
analyses. However, this is to our knowledge the first study from
our department specifically focused on plaque radiotherapy
for small choroidal melanoma.

All patients underwent slitlamp biomicroscopy of the an-
terior segment of the eye and indirect ophthalmoscopy of the
fundus by 1 of the 2 senior authors (C.L.S. and J.A.S.), as well
as imaging with ocular ultrasonography, fundus photogra-
phy, fluorescein angiography, and optical coherence tomog-
raphy (when available). The clinical data were collected ret-
rospectively and included patient demographics, tumor
features, treatment parameters, and outcomes for visual acu-
ity, metastasis, and death.

At initial examination, the collected data included age, race/
ethnicity, sex, and affected eye (eTable 1 in the Supplement). The
clinicalfeaturesincludedbest-correctedvisualacuity(bylogMAR
or Snellen examination), presence of ocular melanocytosis, and
anterior segment abnormalities. The tumor data included tumor
locationbytissue(iris,ciliarybody,orchoroid),quadrant(macula,
inferior, temporal, superior, or nasal), anteroposterior site
(macula, macula-equator, equator–ora serrata, ciliary body, or
iris), and distance to optic disc and foveola (millimeters). Tumor
features included largest basal diameter, thickness measured on
ultrasonography, and presence of associated features, such as
subretinal fluid, orange pigment, drusen, Bruch membrane rup-
ture, retinal invasion, extraocular extension, and vitreous hem-
orrhage (Table 1). Treatment parameters were listed, including
previoustherapiesbeforeplaqueradiotherapy,radioisotopeused
with dose (Gray) and dose rate (1 rad/h) to tumor apex, base, op-
tic disc, foveola, and lens (eTable 2 in the Supplement).

Outcomes were recorded regarding visual acuity and visual
acuity loss of 3 or more Snellen lines, radiation-associated com-
plications, including maculopathy, papillopathy, neovascular-
ization of the iris, disc, or retina, neovascular glaucoma, and vit-
reous hemorrhage, as documented in the medical record and
judged from imaging. Time to systemic metastasis and
melanoma-associated death were recorded (Table 2). Screening

Key Points
Question What are the vision and metastatic outcomes for
patients with small choroidal melanoma treated with plaque
radiotherapy?

Findings This study of 1780 patients with small choroidal
melanoma who were treated with plaque radiotherapy revealed a
5-year rate of visual acuity loss (�3 Snellen lines) at 39.2% and a
5-year rate of melanoma-associated metastasis at 4.5%. Ten-year
rates were 48.9% for visual acuity loss and 8.8% for metastases.

Meaning Despite the diminutive thickness, plaque radiotherapy
for small choroidal melanoma can impart substantial visual loss,
but it is fairly low risk for metastatic disease.
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Table 1. Tumor Features of Small Choroidal Melanoma Cases Managed With Plaque Radiotherapy (N = 1780)

Characteristic

Patients
Without
Metastasis
(n = 1689)

Patients With
Metastasis
(n = 91)

P
Value

Total
(N = 1780) Relative Risk (95% CI)

P
Value

Tumor epicenter

Iris 0 0

>.99a

0

Ciliary body 29 (1.7) 1 (1) 30 (1.7) 1 [Reference]
.48

Choroid 1660 (98.3) 90 (99) 1750 (98.3) 2.03 (0.28-14.6)

Tumor quadrant

Macula 518 (30.7) 23 (2)

.35

541 (30.4) 1 [Reference] NA

Inferior 261 (15.5) 21 (23) 282 (15.8) 1.80 (1.00-3.25) .05

Temporal 308 (18.2) 14 (15) 322 (18.1) 1.08 (0.56-2.10) .82

Superior 389 (23.0) 22 (24) 411 (23.1) 1.29 (0.72-2.32) .39

Nasal 213 (12.6) 11 (12) 224 (12.6) 1.08 (0.52-2.21) .84

Anterior tumor margin

Macula 193 (11.4) 7 (8)

.28

200 (11.2) 1 [Reference] NA

Macula to equator 1041 (61.6) 54 (59) 1095 (61.5) 1.38 (0.63-3.04) .42

Equator to ora 381 (22.6) 28 (31) 409 (23.0) 1.95 (0.85-4.46) .12

Ciliary body 54 (3.2) 2 (2) 56 (3.1) 0.96 (0.20-4.63) .96

Iris 20 (1).2 0 20 (1.1) NE .98

Posterior tumor margin

Macula 952 (56.4) 47 (52)

.59

999 (56.1) 1 [Reference] NA

Macula to equator 679 (40.2) 41 (45) 720 (40.4) 1.22 (0.80-1.86) .35

Equator to ora 42 (2.5) 3 (3) 45 (2.5) 1.11 (0.34-3.56) .87

Ciliary body 16 (0.9) 0 16 (0.9) NE .98

Iris 0 0 0 NE NA

Tumor largest basal
diameter, mm

Mean (SD) 8.7 (2.9) 10.0 (3.4)
<.001b

8.8 (2.9)
1.16c (1.09-1.24) <.001

Median (range) 8 (2-20) 10 (3-20) 8 (2-20)

Tumor thickness, mm

Mean (SD) 2.6 (0.5) 2.8 (0.5)
.002b

2.6 (0.5)
2.41c (1.50-3.85) <.001

Median (range) 2.7 (0.2-3.4) 3.0 (0.5-3.4) 2.7 (0.2-3.4)

Distance to foveola, mm

Mean (SD) 3.4 (3.9) 3.7 (3.6)
.42b

3.4 (3.9)
1.01c (0.96-1.06) .72

Median (range) 2 (0-21) 3 (0-14) 2 (0-21)

0-3 1074 (63.6) 51 (56)
.15

1125 (63.2) 1 [Reference] NA

>3 615 (36.4) 40 (44) 655 (36.8) 1.23 (0.81-1.86) .33

Distance to optic nerve,
mm

Mean (SD) 3.7 (3.7) 3.4 (3.2)
.46b

3.7 (3.7)
1.03d (0.97-1.09) .41

Median (range) 3 (0-21) 3 (0-12) 3 (0-21)

0-3 964 (57.1) 49 (54)
.55

1013 (56.9) 1 [Reference] NA

>3 725 (42.9) 42 (46) 767 (43.1) 1.08 (0.72-1.63) .72

Retinal detachment

None 334 (19.8) 10 (11)

<.001

344 (19.3) 1 [Reference] NA

<3 mm 912 (54.0) 45 (50) 957 (53.8) 1.69 (0.85-3.36) .13

1 quadrant 362 (21.4) 23 (25) 385 (21.6) 2.55 (1.21-5.36) .01

2 quadrants 70 (4.1) 9 (10) 79 (4.4) 3.88 (1.58-9.56) .003

3 quadrants 10 (0.6) 4 (4) 14 (0.8) 9.70 (3.03-31.1) <.001

4 quadrants 1 (0.1) 0 1 (0.1) NE .99

(continued)
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for metastasis was performed by a general medical physician or
medical oncologist with twice-yearly physical examination and
liver function tests (lactate dehydrogenase, alkaline phospha-
tase, alanine aminotransferase, and aspartate aminotransferase)
and once-yearly liver imaging (magnetic resonance, computed
tomography, or ultrasonography) and chest radiograph.

Statistical Analysis
All data were tabulated using Microsoft Excel 2016 version
15.24 (Microsoft Corporation). Subgroup analysis (metastasis
vs no metastasis) was performed and comparison of demo-
graphics (eTable 1 in the Supplement) and tumor (Table 1) fea-
tures was conducted using χ2 test, t test, and Fischer exact tests,
as appropriate. Hazard ratios (HR), 95% CIs, and P values were
calculated using Cox regression analysis.

Kaplan-Meier estimates were calculated for time to event
(visual acuity loss of ≥3 Snellen lines, visual acuity of ≤20/200,
radiation-associated complications [maculopathy; papillopathy;
neovascularization of the iris, disc, or retina; neovascular
glaucoma; or vitreous hemorrhage], and systemic outcomes
[metastasis and death]) (Table 2). Kaplan-Meier estimates were
calculated for time to metastasis per 0.5-mm and 1.0-mm tumor
thickness increments and compared across tumor thickness cat-
egories using the log-rank test (Table 3).

A series of univariable Cox regression analyses were per-
formed to identify the factors associated with melanoma metas-
tasis and death in the 1780 included patients, based on clinical
features at presentation (Table 4 and Table 5). All of the variables
were analyzed as discrete variables except for patient age at
presentation, tumor basal dimension, tumor thickness, and dis-

Table 2. Kaplan-Meier Analysis of Outcomes of Plaque Radiotherapy for Small Choroidal Melanoma (N = 1780)

Outcomes

Kaplan-Meier Estimates, No. of Affected Patients/No. of Unaffected Patients (%) [95% CI]

1-y 3-y 5-y 10-y 15-y 20-y
Visual outcome

Moderate to severe visual acuity loss
(≥3 Snellen lines)

159/1416 (9.5)
[8.2-11.0]

398/839 (27.0)
[24.7-29.3]

518/498 (39.2)
[36.5-42.0]

576/177 (48.9)
[45.6-52.3]

589/57 (55.0)
[50.7-59.5]

591/20 (58.2)
[52.3-64.3]

Poor visual acuity ≤20/200 119/1454 (7.1)
[5.9-8.4]

354/885 (24.4)
[22.2-26.7]

492/519 (38.2)
[35.5-41.1]

585/164 (53.5)
[50.1-57.1]

603/50 (61.9)
[57.3-66.6]

608/14 (67.4)
[61.4-73.3]

Radiation-associated complications

Maculopathy 101/1466 (6.2)
[5.1-7.4]

459/787 (32.3)
[29.9-34.8]

600/450 (46.4)
[43.5-49.3]

679/155 (59.0)
[55.7-62.4]

693/50 (64.8)
[60.7-68.8]

697/16 (68.4)
[63.3-73.3]

Papillopathy 29/1531 (1.8)
[1.2-2.6]

190/967 (13.8)
[12.1-15.8]

255/616 (20.6)
[18.4-23.1]

303/214 (30.1)
[26.9-33.6]

316/66 (36.9)
[32.3-41.9]

318/22 (39.3)
[33.9-45.2]

Neovascularization

Of the iris 1/1555 (0.1)
[0.01-0.4]

15/1103 (1.1)
[0.7-1.9]

19/741(1.6)
[1.0-2.5]

27/277 (3.3)
[2.1-5.0]

27/96 (3.3)
[2.1-5.0]

27/35 (3.3)
[2.1-5.0]

Of the disc 0/1555 12/1104 (0.9)
[0.5-1.6]

23/742 (2.1)
[1.4-3.2]

29/279 (3.1)
[2.1-4.5]

29/96 (3.1)
[2.1-4.5]

29/35 (3.1)
[2.1-4.5]

Elsewhere 4/1548 (0.3)
[0.1-0.7]

32/1091 (2.4)
[1.7-3.4]

54/727 (4.7)
[3.6-6.2]

69/267 (7.4)
[5.8-9.5]

70/ 94 (8.0)
[6.1-10.5]

71/35 (9.6)
[6.5-14.1]

Neovascular glaucoma 0/1555 9/1105 (0.7)
[0.4-1.3]

15/742 (1.4)
[0.8-2.3]

24/281 (3.2)
[2.1-4.9]

27/96 (5.2)
[3.0-8.7]

27/35 (5.2)
[3.0-8.7]

Vitreous hemorrhage 17/1540 (1.0)
[0.6-1.6]

94/1054 (6.9)
[5.7-8.4]

140/688 (11.7)
[10.0-13.7]

166/254 (16.5)
[14.1-19.2]

176/84 (22.2)
[18.2-26.9]

178/31 (24.8)
[19.8-30.8]

Systemic outcome

Metastasis 4/1561 (0.2)
[0.09-0.6]

24/1127 (1.7)
[1.1-2.6]

50/762 (4.5)
[3.4-5.9]

74/290 (8.8)
[6.9-11.1]

88/97 (16.0)
[12.1-20.8]

91/35 (19.5)
[14.5-25.9]

Death 4/1560 (0.2)
[0.09-0.6]

16/1133 (1.2)
[0.7-1.9]

41/771 (3.8)
[2.7-5.0]

65/290 (8.3)
[6.4-10.7]

77/100 (13.6)
[10.3-17.8]

79/36 (16.0)
[11.7-21.5]

Table 1. Tumor Features of Small Choroidal Melanoma Cases Managed With Plaque Radiotherapy (N = 1780)
(continued)

Characteristic

Patients
Without
Metastasis
(n = 1689)

Patients With
Metastasis
(n = 91)

P
Value

Total
(N = 1780) Relative Risk (95% CI)

P
Value

Other clinical features

Diffuse 194 (11.5) 18 (20) .03a 212 (11.9) 1.83 (1.09-3.07) .02

Bruch rupture 40 (2.4) 2 (2) >.99a 42 (2.4) 1.08 (0.27-4.40) .91

Extraocular extension 12 (0.7) 0 >.99a 12 (0.7) NE .98

Retinal invasion 19 (1.1) 3 (3) .01a 22 (1.2) 2.47 (0.78-7.82) .12

Vitreous hemorrhage 18 (1.1) 1 (1) >.99a 19 (1.1) 1.67 (0.23-12.0) .61

Orange pigment 1042 (61.7) 47 (52) .06 1089 (61.2) 0.85 (0.57-1.29) .45

Drusen 375 (22.2) 15 (17) .24a 390 (21.9) 0.62 (0.36-1.08) .09

Halo 96 (5.7) 1 (1) .06a 97 (5.4) 0.23 (0.03-1.65) .14

Subfoveal fluid 524 (31.0) 26 (29) .73 550 (30.9) 0.88 (0.56-1.38) .57

Abbreviations: NA, not applicable;
NE, not estimable.
a By Fisher exact test.
b By t test.
c Per 1-mm increase.
d Per 1-mm decrease.
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tance of tumor to optic disc margin and foveola, which were
evaluated as continuous variables. Subsequent multivariable
analyses were performed using Cox proportional hazard model
forward stepwise method for the factors identified as significant
at the 5% level of significance. All significant analysis was per-
formed using SAS version 13.2 (SAS Institute).

Results
In this analysis, there were 1780 consecutive patients with small
choroidal melanoma treated with plaque radiotherapy. The re-
sults are tabulated in Tables 1 through 5 and eTables 1 through
5 in the Supplement.

The patient demographic and visual acuity features are listed
in eTable 1 in the Supplement. Briefly, visual acuity was 20/40
OU or better in 1276 of the patients (71.7%), and the mean (SD)
visual acuity was 20/40 (20/50) OU (median, 20/30; range, 20/
20 to counting fingers). The mean (SD) patient age at initial
presentation was 58 (14) years (median, 59 years; range, 10-93
years). Most patients were white (n = 1752; 98.4%), and male and
female participants were equally represented (n = 908 [51.0%]
were female). Based on categorizations of patients by their ul-
timate development of melanoma-associated metastases, there
were no significant differences in demographic features, pres-
ence of melanocytosis, and visual acuity at study entry.

The tumor features are listed in Table 1. Overall, tumor
quadrant location included the macula (n = 541 [30.4%]), the

inferior quadrant (n = 282 [15.8%]), the temporal quadrant
(n = 322 [18.1%]), the superior quadrant (n = 411 [23.1%]), and
the nasal quadrant (n = 224 [12.6%]), with no significant dif-
ference regarding metastatic disease. The mean (SD) tumor
basal diameter was 8.8 (2.9) mm (median, 8 mm; range, 2-20
mm) and mean (SD) tumor thickness was 2.6 (0.5) mm (me-
dian, 2.7 mm; range, 0.2-3.4 mm), with risk for metastasis
greater with larger base (relative risk [RR], 1.16 [95% CI,
1.09-1.24] per 1-mm increase) and larger thickness (RR, 2.41
[95% CI, 1.50-3.85] per 1-mm increase; eFigures 1 and 2 in the
Supplement). The mean (SD) tumor proximity to the foveola
was 3.4 (3.9) mm (median, 2 mm; range, 0-21 mm) and to the
optic disc was 3.7 (3.7) mm (median, 3 mm; range, 0-21 mm),
with no difference on rates of metastasis. Other features as-
sociated with metastatic disease included presence of the reti-
nal detachment of 1 quadrant (RR, 2.55 [95% CI, 1.21-5.36];
P = .01), 2 quadrants (RR, 3.88 [95% CI, 1.58-9.56]; P = .003),
or 3 quadrants (RR, 9.70 [95% CI, 3.03-31.1]; P < .001), as well
as diffuse configuration (RR, 1.83 [95% CI, 1.09-3.07]; P = .02).

The treatment parameters are listed in eTable 2 in the
Supplement. Previous treatment was performed in 61 pa-
tients (3.4%), including transpupillary thermotherapy, plaque
radiotherapy (at a center other than the one in which this study
was conducted), photodynamic therapy, and laser photoco-
agulation. The median interval from first examination to plaque
radiotherapy was less than 1 month (range, 0-1 month). The
radioactive isotope used was generally iodine 125, and the cal-
culated dose to the tumor apex was 84 Gy; to the base, 183 Gy;

Table 3. Metastasis by 0.5-mm and 1.0-mm Increments After Plaque Radiotherapy for Small Choroidal Melanoma (N = 1780)

Tumor Size

No. (%) Kaplan-Meier Estimates, No. of Affected Patients/No. of Unaffected Patients (%) [95% CI]

Total Patients
(N = 1780)

Patients
With
Metastasis
(n = 91) 1-y 3-y 5-y 10-y 15-y 20-y P Valuea

Using 0.5-mm
increments

0.5-1.0 6 (0.3) 1 (1) 0/5 0/4 1/2 (25.0)
[3.9-87.2]b

1/1 (25.0)
[3.9-87.2]b

1/1 (25.0)
[3.9-87.2]b

NE .003

1.1-1.5 mm 29 (1.6) 0 0/23 0/18 0/16 0/8 0/6 0/5

1.6-2.0 mm 231 (13.0) 8 (9) 2/197 (0.9)
[0.2-3.7]

4/157 (2.1)
[0.8-5.5]

5/113 (2.9)
[1.2-7.1]

7/39 (6.7)
[2.8-15.6]

8/17 (10.3)
[4.3-23.6]

8/6 (10.3)
[4.3-23.6]

2.1-2.5 mm 521 (29.3) 17 (19) 1/462 (0.2)
[0.03-1.4]

3/337 (0.7)
[0.2-2.2]

10/227 (3.3)
[1.8-6.1]

15/88 (6.3)
[3.7-10.3]

17/33 (8.5)
[5.0-14.2]

17/10 (8.5)
[5.0-14.2]

2.6-3.0 mm 615 (34.6) 39 (43) 1/538 (0.2)
[0.02-1.2]

10/383 (2.1)
[1.1-3.8]

19/264 (4.8)
[3.0--7.5]

29/110 (9.7)
[6.6-14.0]

37/34 (21.4)
[14.1-31.6]

39/10 (27.3)
[17.8-40.5]

>3.0 mm 377 (21.2) 26 (29) 0/335 7/228 (2.5)
[1.2-5.1]

15/140 (6.9)
[4.2-11.4]

22/44 (13.4)
[8.7-20.4]

25/6 (28.0)
[13.9-51.4]

26/4 (42.4)
[19.7-75.0]

Using 1-mm
increments

0-1.0 mm 7 (0.4) 1 (1) 0/6 0/4 1/2 (25.0)
[3.9-87.2]

1/1 (25.0)
[3.9-87.2]

1/1 (25.0)
[3.9-87.2]

NE .01

1.1-2.0 mm 260 (14.6) 8 (9) 2/220 (0.8)
[0.2-3.3]

4/175 (1.9)
[0.7-4.9]

5/129 (2.6)
[1.1-6.3]

7/47 (5.9)
[2.50-13.5]

8/23 (8.8)
[3.7-20.0]

8/11 (8.8)
[3.7-20.0]

2.1-3.0 mm 1136 (63.8) 56 (62) 2/1000 (0.8)
[0.05-0.7]

13/720 (1.4)
[0.8-2.5]

29/421 (4.1)
[2.8-5.9]

44/198 (8.1)
[5.9-11.0]

54/67 (15.5)
[11.0 – 21.6]

56/20 (19.3)
[13.2 – 27.7]

>3.0 mm 377 (21.2) 26 (29) 0/335 7/228 (2.5)
[1.2-5.1]

15/140 (6.9)
[4.2-11.4]

22/44 (13.4)
[8.7-20.4]

25/6 (28.0)
[13.9-51.4]

26/4 (42.4)
[19.7-75.0]

All tumors 1780 (100) 91 (100) 4/1561 (0.2)
[0.1-0.6]

24/1127 (1.7)
[1.1-2.6]

50/762 (4.5)
[3.4-5.9]

74/290 (8.8)
[6.9-11.1]

88/97 (16.0)
[12.1-20.8]

91/35 (19.5)
[14.5-25.9]

Abbreviation: NE, not estimable.
a Log-rank test.
b Diffuse configuration.
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to the optic disc, 41 Gy; to the foveola, 67 Gy, and to the lens,
9 Gy (eTable 2 in the Supplement).

The mean (SD) follow-up time for this cohort was 74 (59)
months (median, 55; range, 0-380 months). The number of pa-
tients followed up per length of time (in year increments) is listed
in eTable 3 in the Supplement. Patient demographics and tumor
features were evaluated based on follow-up of less than 5 years
vs 5 years or more (eTables 4 and 5 in the Supplement).

Kaplan-Meier analyses of outcomes are listed in Table 2 and
eFigures 3, 4, and 5 in the Supplement. The Kaplan-Meier rate of
visualacuityloss(≥3Snellenlines)was9.5%(95%CI,8.2%-11.0%)
at 1 year, 39.2% (95% CI, 36.5%-42.0%) at 5 years, and 48.9%
(95% CI, 45.6%-52.3%) at 10 years, whereas poor visual acuity
(≤20/200) was 7.1% (95% CI, 5.9%-8.4%) at 1 year, 38.2% (95% CI,
35.5%-41.1%) at 5 years, and 53.5% (95% CI, 50.1%-57.1%) at 10
years. The rate of melanoma-associated metastases was 0.2%

(95% CI, 0.09%-0.6%) at 1 year, 4.5% (95% CI, 3.4%-5.9%) at 5
years, and 8.8% (95% CI, 6.9%-11.1%) at 10 years. The 10-year risk
was estimated for maculopathy (59.0% [95% CI, 55.7%-62.4%]),
papillopathy (30.1% [95% CI, 26.9%-33.6%]), neovascularization
of the iris (3.3% [95% CI, 2.1%-5.0%]), neovascularization of the
disc (3.1% [95% CI, 2.1%-4.5%]), neovascularization of the retina
(7.4% [95% CI, 5.8%-9.5%]), neovascular glaucoma (3.2%
[95% CI, 2.1%-4.9%]), and vitreous hemorrhage (16.5% [95% CI,
14.1%-19.2%]). Kaplan-Meier analysis at 5 and 10 years showed
tumor recurrence at 6.5% (95% CI, 5.2%-8.0%) and 10.8%
(95% CI, 8.7%-13.3%), and the need for enucleation (for any rea-
son)at4.0%(95%CI,3.0%-5.3%)and7.6%(95%CI,5.8%-10.0%).

MetastaticratesperthicknessincrementsarelistedinTable3.
Using the patients’ tumor thicknesses at study entry in 0.5-mm
increments, we found that the 10-year rate of metastasis were
25.0% (95% CI, 3.9%-87.2%) for those with 0.5-mm to 1.0-mm

Table 4. Clinical Features Associated With Metastasis After Plaque Radiotherapy
for Small Choroidal Melanoma (N = 1780)

Features

No. (%) Univariable Analysis Multivariable Analysis
Metastasis
(n = 91)

No Metastasis
(n = 1689) P Value Relative Risk (95% CI)

P
Value

Relative Risk
(95% CI)

Age, mean (SD), y 60 (12) 58 (14) <.001 1.33a (1.13-1.57) .01 1.32a

(1.07-1.63)
Ocular symptoms

Photopsia 19 (21) 188 (11.1) .01 1.94 (1.17-3.21) .003 2.45
(1.35-4.43)

Tumor basal
diameter, mm

Median (range) 10.0 8.0
<.001 1.16b (1.09-1.24) <.001 1.15b

(1.06-1.24)Mean (SD) 10.0 (3.4) 8.7 (2.9)

Tumor thickness, mm

Median (range) 3.0 2.7
<.001 2.41b (1.50-3.85) .01 2.22b

(1.22-4.05)Mean (SD) 2.8 (0.5) 2.6 (0.5)

Subretinal fluid

1 Quadrant 23 (25) 362 (21.4) .01 2.55 (1.21-5.36) NA NA

2 Quadrants 9 (10) 70 (4.1) .003 3.88 (1.58-9.56) NA NA

3 Quadrants 4 (4) 10 (0.6) <.001 9.70 (3.03-31.1) NA NA

Diffuse configuration 18 (20) 194 (11.5) .02 1.83 (1.09-3.07) NA NA

Prior treatment 8 (9) 53 (3.1) .01 2.48 (1.20-5.13) .01 3.31
(1.31-8.33)

Radiation dose rate,
median (range)

At optic disc,
rad/h

39.5
(8.86-236.2)

30.8
(1.98-310.4)

.03 1.06c (1.01-1.12) NA NA

At lens, rad 9.95
(3.5936.9)

7.01
(2.24-98.8)

.03 1.23d (1.02-1.49) NA NA

At lens, rad/h 10.5
(2.97-37.4)

7.29
(1.00-103.0)

.03 1.23c (1.02-1.48) NA NA

Tumor thickness
at last visit, mm,
mean (SD)

1.80 (0.5) 1.79 (0.5) .03 1.59b (1.05-2.41) NA NA

Visual acuity
≤20/200e

27 (30) 583 (34.5) .002 2.07 (1.32-3.25) NA NA

Moderate vision losse 27 (30) 567 (33.6) .01 1.80 (1.14-2.82) NA NA

Radiation
maculopathye

29 (32) 668 (39.6) <.001 2.24 (1.44-3.49) NA NA

Radiation
papillopathye

11 (12) 307 (18.2) .002 2.66 (1.41-5.00) NA NA

Local recurrence 21 (23) 91 (5.4) <.001 2.84 (1.73-4.64) NA NA

Enucleation 17 (19) 56 (3.3) <.001 4.21 (2.49-4.15) NA NA

Death 41 (45) 39 (2.3) <.001 22.0 (14.4-33.5) NA NA

Abbreviation: NA, not applicable.
a Per 10-year increase.
b Per 1-mm increase.
c Per 10–cGy/h increase.
d Per 10-cGy increase.
e No vs yes.
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thicknesses, 0% for those with 1.1-mm to 1.5-mm thicknesses,
6.7% (95% CI, 2.8%-15.6%) for those who were tumors were 1.6
mm to 2 mm thick, 6.3% (95% CI, 3.7%-10.3%) for those with tu-
mors between 2.1 mm and 2.5 mm thick, 9.7% (95% CI,
6.6%-14.0%) for those with 2.6-mm to 3.0-mm tumor thick-
nesses, and 13.4% (95% CI, 8.7%-20.4%) for those whose tumors
were more than 3.0 mm. The 10-year rate of metastasis using
1.0-mm tumor thickness increments was 25.0% (95% CI,
3.9%-87.2%) for patients with tumors between 0 and 1.0 mm in
thickness, 5.9% (95% CI, 2.5%-13.5%) for patients with tumors
between 1.1 and 2.0 mm in thickness, 8.1% (95% CI, 5.9%-11.0%)
for patients whose tumors between 2.1 and 3.0 mm thick, and
13.4%(95%CI,8.7%-20.4%)forpatientswhosetumorsweremore
than 3.0 mm thick. The thinnest tumors (0-1.0 mm in thickness)
revealed mean basal dimension of 7.8 mm (median, 7.8 mm;
range, 2-11.5 mm), while mean thickness-to-base ratio was 12%,
suggestive of diffuse choroidal melanoma.

Univariable and multivariable risks for metastasis are listed
in Table 4. The clinical features predictive of metastasis by mul-
tivariable analysis included increasing patient age (RR,
1.32 [95% CI, 1.07-1.63] per 10-year increase; P = .01), ocular
symptoms of photopsia at presentation (RR, 2.45 [95% CI,
1.35-4.43]; P = .003), increasing tumor diameter (RR, 1.15
[95% CI, 1.06-1.24] per 1-mm increase; P < .001), increasing tu-
mor thickness (RR, 2.22 [95% CI, 1.22-4.05] per 1-mm increase;
P = .01), and prior treatment (RR, 3.31 [95% CI, 1.31-8.33];
P = .01).

Univariable and multivariable risks for death are listed in
Table 5. The clinical features associated with death by multi-
variable analysis included increasing patient age (RR, 1.60
[95% CI, 1.33-1.93] per 10-year increase) and increasing tu-
mor thickness (RR, 2.03 [95% CI, 1.24-3.31] per 1-mm in-
crease).

Discussion
The management of small choroidal melanoma continues to
stimulate debate, and the controversy rests on the balance be-

tween tumor potential for metastasis and treatment effects on
visual acuity. It is understood that increasing melanoma thick-
ness is correlated with increasing risk for metastasis.1 Diener-
West et al4 have provided a meta-analysis of 8 published stud-
ies on metastasis of uveal melanoma managed with enucleation
and found the combined weighted estimate of 5-year mortal-
ity based on tumor size was 16% for cases of small melanoma
(0-3 mm thickness), 32% for cases of medium-sized mela-
noma (3.1-8 mm thickness), and 53% for cases of large mela-
noma (>8 mm thickness). Later, results from the Collabora-
tive Ocular Melanoma Study16 (COMS) have revealed that
10-year melanoma-associated mortality for patients with large
melanomas who had undergone enucleation was 40% vs 45%
for those who had undergone enucleation combined with pre-
enucleation radiotherapy. Additional data from COMS re-
vealed that 12-year melanoma-associated mortality for pa-
tients who had had plaque radiotherapy for medium-sized
melanoma was 21%, similar to that of patients who had un-
dergone enucleation (17%).17

There are to our knowledge relatively few data on out-
comes after observation or treatment of small choroidal mela-
noma. In 1997, the COMS provided data on 204 patients with
possible small choroidal melanoma (vs nevus) who were ini-
tially followed up because their tumors were not considered
large enough to qualify for the clinical trial.7 These tumors mea-
sured 5 mm or more in basal dimension and 1.0 to 3.0 mm in
thickness, and 33% eventually required treatment because of
growth within 5 years. The 8-year melanoma-specific mortal-
ity was 4%, but this figure included the 67% of tumors that did
not qualify for treatment, so the true risk specific to the ac-
tive, growing melanomas could be substantially greater.7 In
2009, Shields et al1 provided analysis of 8033 patients with
uveal melanoma, of which 1992 had active small choroidal
melanoma managed with plaque radiotherapy, and the 10-
year risk for melanoma-related metastasis was 12%.

In this analysis, we focused specifically on small choroidal
melanoma outcomes following plaque radiotherapy. We found
median tumor basal dimension at 8.0 mm and thickness at 2.7
mm, and multivariable risk factors for metastasis included older

Table 5. Clinical Features Associated With Death After Plaque Radiotherapy
for Small Choroidal Melanoma (N = 1780)

Feature

No. (%) Univariable Analysis Multivariable Analysis

Death (n = 80)
No Death
(n = 1700)

P
Value

Relative Risk
(95% CI)

P
Value

Relative Risk
(95% CI)

Age, mean (SD), y 63 (14) 58 (14) <.001 1.66 (1.37-2.00)a <.001 1.60
(1.33-1.93)a

Tumor quadrant

Macula vs nasalb 26 (33) 515 (30.3) .03 3.76 (1.14-12.4) NA NA

Superior vs nasalb 21 (26) 390 (22.9) .02 4.04 (1.21-13.6) NA NA

Inferior vs nasalb 17 (21) 265 (15.9) .01 4.81 (1.41-16.4) NA NA

Tumor basal diameter, mm

Mean (SD) 9.5 (2.9) 8.7 (2.9) .01 1.11 (1.03-1.19)c NA NA

Median (range) 9.0 (5.0-17.0) 8.0 (2.0-20.0) NA NA

Tumor thickness, mm

Mean (SD) 2.8 (0.5) 2.6 (0.5)
<.001 2.37 (1.44-3.89)c .01 2.03

(1.24-3.31)cMedian (range) 3.0 (0.5-3.4) 2.7 (0.2-3.4)

Subretinal fluid in 1 quadrant 23 (29) 362 (21.3) .03 2.19 (1.08-4.42) NA NA

Plaque type (iridium
vs iodine 125b)

5 (6) 32 (1.8) .04 2.59 (1.03-6.49) NA NA

Abbreviation: NA, not applicable.
a Per 10-year increase.
b Nasal is the reference category

for these comparisons.
c Per 1-mm increase.
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age, symptoms of photopsia, larger tumor base, greater tumor
thickness, and evidence of previous treatment.

Afterplaqueradiotherapy,the10-yearrateofmetastasisusing
1.0-mm thickness increments was 25% for tumors 0 to 1.0 mm
thick, with lower values for thicker tumors. The spike in metas-
tasis in the thinnest tumors could be because of the exception-
ally small cohort (n = 6, with only 1 event of metastasis), or this
could represent the ominous diffuse choroidal melanoma, a sub-
set of melanoma that demonstrates thin tumor with extensive
basal dimension.

Infact,themeanbasaldimensionofthesetumorswas7.8mm
(median, 7.8 mm, range, 2 mm-11.5 mm), while mean thickness/
base (percentage) ratio was 12%, supporting the clinical defini-
tion of diffuse uveal melanoma.18 These patients often are fol-
lowed up for a prolonged period under the diagnosis of choroi-
dal nevus, and later, after documented growth, are referred for
treatment. A previous study18 comparing diffuse vs nondiffuse
smallchoroidalmelanomarevealed15-yearmelanoma-associated
death at 16% vs 6% (P < .001), and the disparity persisted even
in the thinnest tumors (≤2 mm; 16% vs 4%; P = .01). Diffuse cho-
roidal melanoma represents only 3% of all melanomas and is de-
fined as tumor thickness of 20% or less relative to the tumor base
(with a mean thickness of 2.0 mm), giving the tumor a flat or pla-
coid appearance with a prominent basal diameter.19 Font et al20

evaluated 54 patients enucleated with diffuse melanoma and
foundaggressivefeaturesofepithelioidcelltype(85%),extrascler-
alextension(39%),andmelanoma-associateddeathin44%,with
a mean survival of 20 months in patients with lethal tumors.

Regardingvisualoutcome,Shieldsetal21 reviewedlong-term
visual acuity in 1106 eyes with uveal melanoma treated with
plaque radiotherapy and found the 5-year rate of poor visual acu-
ity(≤20/200OU)was24%forpatientswithsmallmelanoma,30%
for patients with medium-sized melanoma, and 64% for patients
with large melanoma. Based on multivariable analysis, 5 impor-
tant clinical factors associated with poor visual acuity included
older age, posterior location of tumor, proximity to the foveola,
subretinal fluid, and increasing tumor thickness. These authors
concluded that visual acuity was most effectively preserved in
eyes with small melanoma outside a radius of 5 mm from the op-
tic disc and foveola.21 The COMS22 subsequently provided 3-year
visual outcomes for 623 patients randomized to plaque radio-
therapy for medium-sized melanoma and found that visual acu-
ity declined to less than or equal to 20/200 in 43% of those whose
acuity had been better than 20/200 at initial presentation.

In this retrospective analysis, we found 5-year and 10-
year rate of visual acuity loss equivalent to 3 or more Snellen
lines at 39.2% and 48.9%, respectively. The 5-year and 10-
year rates of poor visual acuity (≤20/200 OU) were 39.2% and
53.5%, respectively. Much of the vision loss was associated with
radiation maculopathy (46.4% at 5 years and 59.0% at 10 years),
radiation papillopathy (20.6% at 5 years and 30.1% at 10 years),
and vitreous hemorrhage (11.7% at 5 years and 16.5% at 10
years), as well as features at initial presentation, including sub-
macular tumor location and foveal serous retinal detach-
ment. The median distance from the posterior tumor margin
to the foveola was 2.0 mm and to the optic disc was 3.0 mm,
which was typical for small choroidal melanoma because most
are postequatorial in location. However, this location puts the
eye at high risk for ultimate visual loss from radiation-
associated ischemia and swelling.

Limitations
There are limitations in this retrospective analysis, including
the unavailability of some data because of patient follow-up
remote from our facility, a period of data collection that ex-
tended longer than 4 decades (during which time treatment
philosophies and approaches have changed over this inter-
val), and the possibility that patients might have intermit-
tently received various treatments to improve visual acuity. In
addition, even with the robust number of patients, the points
of 15 and 20 years had relatively small numbers of patients,
so these data should be interpreted with caution. Despite these
drawbacks, this large cohort could prove useful for compari-
son to newer treatment regimens.

Conclusions
In summary, small choroidal melanoma can potentially be dan-
gerous, with a 10-year risk for metastasis at 8.8%. This risk is
highest in tumors with larger bases, greater thicknesses, in-
creasing retinal detachment, and diffuse (flat) configura-
tions. By comparison, this rate is far less than that of medium-
sized or large melanomas, which had 10-year rates of metastasis
at 25.4% and 48.7%, respectively.1 We suggest that patients with
potential small choroidal melanoma be evaluated by a quali-
fied ophthalmologist or ocular oncologist for a timely diagno-
sis and prompt therapeutic intervention.
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Invited Commentary

Treating Small Choroidal Melanoma
Smaller Is Better
H. Culver Boldt, MD; Elaine Binkley, MD

Over the last several decades, ocular oncologists have set a goal
to identify and treat smaller uveal melanomas. Another way to
rephrase this goal would be to state that we want to identify me-
lanocytic lesions that are likely to spread at some future time and

ablate them before they do so.
Ocular oncologists are very ac-
curate in diagnosing medium

and large uveal melanomas. Differentiation of small melanomas
from high-risk choroidal nevi has been more challenging. Ap-
proximately 8% of people in the United States have a choroidal
nevus. The malignant transformation rate is estimated at about

1 in 9000 per year.1 This translates into about 2400 new cases
of uveal melanoma each year in the United States, and the inci-
dence seems to be increasing. Only about 30% of these lesions
are diagnosed while they are small melanomas.

So how does one differentiate the occasional small uveal
melanoma from the thousands of benign choroidal nevi? In the
past, significant documented growth of a small lesion often was
used as a surrogate for malignant transformation. However, in
a study of risk factors for metastasis,2 growth of a lesion was as-
sociated with an 8-fold increase in metastasis. Identification of
those lesions that will grow in the future is the goal. In addition,
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