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PURPOSE. To evaluate cumulative incidence of metastasis at specific timepoints after treat-
ment of uveal melanoma in a large cohort of patients and to provide comparison of
conditional outcomes in the youngest and oldest cohorts (extremes of age).

METHODS. Retrospective analysis of 8091 consecutive patients with uveal melanoma at a
single center over a 51-year period. The patients were categorized by age at presentation
(0–29 years [n = 348, 4%], 30–59 years [n = 3859, 48%], 60–79 years [n = 3425, 42%],
80 to 99 years [n = 459, 6%]) and evaluated for nonconditional (from presentation date)
and conditional (from specific timepoints after presentation) cumulative incidence of
metastasis at five, 10, 20, and 30 years.

RESULTS. For the entire population of 8091 patients, five-year/10-year/20-year/30-year
nonconditional cumulative incidence of metastasis was 15%/23%/32%/36%, and the
conditional incidence improved to 6%/15%/25%/30% for patients who did not develop
metastasis in the first three years. For the extremes of age (0–29 years and
80–99 years), the nonconditional cumulative incidence of metastasis revealed the younger
cohort with superior outcomes at 8%/15%/19%/27% and 21%/29%/29%/29%, respec-
tively (P < 0.001). The conditional incidence (at one-year and two-year timepoints with
metastasis-free survival) showed persistent superior younger cohort survival (P < 0.001,
P = 0.001), but no further benefit for patients with three-year metastasis-free survival at
4%/12%/16%/24% and 7%/18%/18%/18%, respectively (P = 0.09).

CONCLUSIONS. Non-conditional metastasis-free survival analysis for patients with uveal
melanoma revealed the youngest cohort to have significantly better survival than the
oldest cohort, and this persisted into one-year and two-year conditional metastasis-free
survival but diminished at the three-year conditional timepoint.

Keywords: conditional outcomes, uveal melanoma, non-conditional outcomes

The management of uveal melanoma is complex and
involves treatment of the primary tumor with methods

of radiotherapy, enucleation, local resection, or nanopar-
ticle therapy, identification of genetic alterations within
the tumor, post-radiotherapy techniques to minimize radi-
ation complications to the eye, and prognostication of uveal
melanoma-related risk for metastasis and death.1–3 Recent
data has indicated that prognostication of uveal melanoma
depends heavily on the tumor genetic profile4–23 and tumor
size,8,10,15,22 more so than the American Joint Committee on
Cancer classification.9,20,21

Prognostication of uveal melanoma has typically relied
on nonconditional (static) analysis of outcomes from date
of diagnosis.15 More recently, conditional (dynamic) anal-
ysis of outcomes has been reported as a more pragmatic
approach for estimating cancer risks because this method
incorporates the accrued years of patient survival from the
date of diagnosis into the ultimate survival calculation. This
methodology has been applied for several cancers, includ-

ing high-risk malignancies such as pancreatic adenocarci-
noma, colon carcinoma, cutaneous melanoma, retinoblas-
toma, and more recently uveal melanoma.24–35 Swords et
al.24 explored conditional survival with pancreatic ductal
adenocarcinoma, acknowledging that most affected patients
die within 5 years, but also elaborated on long-term condi-
tional survival for those who endure beyond the first few
years. Of nearly 11,000 patients with pancreatic adenocar-
cinoma in the Surveillance, Epidemiology, and End Results
(SEER) database, they found that those who survived three
years, six years, or nine years demonstrated cancer-specific
survival at 12 years of 46%, 75%, or 90%, respectively.
Thomas25 commented that conditional survival is often more
sensible than nonconditional survival because it addresses
patients’ concerns for future risks at specific timepoints in
the disease course.

Conditional analysis has been explored for uveal
melanoma using the SEER database and in relation to The
Cancer Genome Atlas (TCGA) classification.34,35 Herein, we
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investigate conditional outcomes for uveal melanoma in a
large, single center database of 8091 affected patients over
a 37-year treatment period and a 51-year follow up period,
stratifying conditional outcomes by age.

METHODS

The medical records on the Ocular Oncology Service at
Wills Eye Hospital, Thomas Jefferson University, Philadel-
phia, Pennsylvania, USA, were retrospectively reviewed for
patients with the clinical diagnosis of uveal melanoma
between August 25, 1970, and August 27, 2007, and with
a follow-up period extending through September 14, 2021.
This study was approved by the Institutional Review Board
of Wills Eye Hospital, adhered to the tenets of the Declara-
tion of Helsinki, and complied with the Health Insurance
Portability and Accountability Act. Informed consent was
obtained from each patient.

All patients were examined by an ocular oncology team
for clinical confirmation of the diagnosis of uveal melanoma
based on indirect ophthalmoscopy with detailed fundus
drawings and multimodal imaging. Ophthalmic imaging
included fundus photography with wide-angle or montage
imaging, fundus autofluorescence, ultrasonography (A- and
B-scan techniques), optical coherence tomography, fluo-
rescein angiography, and occasionally indocyanine green
angiography and optical coherence tomography angiogra-
phy, as needed for documentation at the initial and subse-
quent examinations. Patients were then stratified by age: 0
to 29 years, 30 to 59 years, 60 to 79 years, and 80 to 99 years,
so trends in the extremes of age could be assessed.

Data were recorded at each examination and docu-
mented on the patient’s medical record. Demographic data
included sex (male, female), race (White, non-White), and
affected eye (right, left). The tumor features at presentation
included largest tumor basal diameter (mm), tumor thick-
ness (mm), tumor location with distance to the optic disc
(mm) and distance to the foveola (mm), tumor epicenter
(macula, macula to equator, equator to ora, ciliary body,
iris), anterior margin of the tumor, posterior margin of the
tumor, tumor pigmentation (amelanotic, mixed, melanotic),
and tumor shape (dome-shaped, mushroom-shaped, diffuse,
tapioca). Presence or absence of other clinical features, such

as subretinal fluid, rupture in Bruch’s membrane, and vitre-
ous or subretinal hemorrhage were noted. The primary treat-
ment was recorded for each patient (observation, argon
laser photocoagulation, cryotherapy, transpupillary ther-
motherapy, plaque radiotherapy, external beam radiother-
apy, proton beam radiotherapy, partial lamellar sclerouvec-
tomy (PLSU), enucleation, or exenteration). Metastasis was
documented based on the date of histopathologic confirma-
tion via biopsy or on the date of appropriate imaging, such as
magnetic resonance imaging or computerized tomography.
Death, both from melanoma-related and non-melanoma-
related causes, were documented from correspondence with
other physicians or the patients’ families.

Primary outcomes included cumulative incidence of
metastasis (CIM) from uveal melanoma. Non-conditional
cumulative incidence of metastasis (ncCIM) was assessed at
presentation. Conditional cumulative incidence of metasta-
sis (cCIM) was assessed after each year for the first 10 years.
Cox regression analysis for competing risks was performed
for ncCIM, as well as cCIM for the entire group and then
stratified by age group (0–29 years vs. 30–59 years vs. 60–
79 years vs. 80–99 years). The cCIM was assessed primarily
for five-year, 10-year, 20-year, and 30-year endpoints. Annual
likelihood of metastasis for each age group was obtained
through Cox regression analysis for competing risks. All
analysis for CIM were run both with and without patients
with iris melanoma (n = 321), demonstrating no significant
difference in any statistical trends in any of the primary
outcomes; therefore, iris melanoma was included in the total
cohort. Additionally, Kaplan-Meier analyses were compared
with Cox regression analyses for competing risks and were
found to give overly pessimistic outcome estimates because
of the significant number of patients with non-melanoma-
related death; therefore, the latter statistical approach was
used to determine CIM.

Statistical analysis was performed using SAS Software
Suite (version 9.4; SAS Institute). Continuous variables
were expressed as mean (median, range). The one-sample
Shapiro-Wilk test was used to assess normality of distri-
bution. Comparison between groups was performed using
the one-way ANOVA test for continuous variables with
normal distribution and the Kruskal-Wallis test for contin-
uous variables without normal distribution. Comparison

TABLE 1. Conditional Metastasis of Uveal Melanoma in 8091 Patients over Half-Century by Age Group: Assessing the Entire Population and
the Extremes of Age—Patient Demographics

Patient Age at Presentation

Patient Demographics
Youngest
p-Values

0–29 Years
(n = 348)
[n (%)]

30–59 Years
(n = 3859)

[n (%)]

60–79 Years
(n = 3425)

[n (%)]

80–99 Years
(n = 459)
[n (%)]

Oldest
P Values

Total
Population
(n = 8091)

[n (%)]

Sex 0.001 <0.001
Male 147 (42) 1992 (52) 1760 (51) 187 (41) 4086 (51)
Female 201 (58) 1867 (48) 1665 (48) 272 (59) 4005 (49)

Race 0.008 0.006
White 332 (95) 3731 (97) 3389 (99) 456 (99) 7908 (98)
Non-White 16 (5) 128 (3) 36 (1) 3 (1) 183 (2)

Affected eye 0.751 0.271
Right 173 (50) 1896 (51) 1679 (49) 207 (45) 3955 (49)
Left 175 (50) 1963 (49) 1746 (51) 252 (55) 4136 (51)

Bold values indicate significant P value.
Youngest P value compares patients of the youngest age group with the remaining population.
Oldest P value compares patients of the oldest age group with the remaining population.
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TABLE 3. Conditional Metastasis of Uveal Melanoma in 8091 Patients over Half-Century by Age Group: Assessing the Entire Population and
the Extremes of Age—Primary Treatment

Patient Age at Presentation

Treatment
Youngest
P Values

0–29 Years
(N = 348),
No. (%)

30–59 Years
(N = 3859),

No. (%)

60–79 Years
(N = 3425),

No. (%)

80–99 Years
(N = 459),
No. (%)

Oldest
P Values

Total Population
(n = 8091), No. (%)

Observation 0.191 20 (6) 134 (3) 149 (4) 49 (11) <0.001 352 (4)
Argon laser
photocoagulation

0.302 4 (1) 23 (1) 25 (1) 2 (<1) 0.504 54 (1)

Cryotherapy 0.298 1 (<1) 2 (<1) 4 (<1) 0 (0) 0.366 7 (<1)
Transpupillary
thermotherapy

0.376 11 (3) 194 (5) 117 (3) 6 (1) <0.001 328 (4)

Plaque radiotherapy <0.001 128 (37) 2364 (61) 2221 (65) 291 (63) 0.482 5004 (62)
External beam
radiation therapy

0.706 1 (<1) 10 (<1) 18 (1) 4 (1) 0.160 33 (<1)

Proton beam radiation
therapy

0.099 0 (0) 21 (1) 10 (<1) 0 (0) 0.057 31 (<1)

PLSU <0.001 48 (14) 217 (6) 130 (4) 6 (1) <0.001 401 (5)
Enucleation <0.001 135 (39) 889 (23) 747 (22) 102 (22) 0.625 1873 (23)
Exenteration 0.402 0 (0) 2 (<1) 4 (<1) 2 (1) 0.072 8 (<1)

Bold values indicate significant P value.
Youngest P value compares patients of the youngest age group with the remaining population.
Oldest P value compares patients of the oldest age group with the remaining population.

of categorical variables was performed using the likeli-
hood ratio χ2 test and Fisher’s exact test when indicated.
Bonferroni correction for multiple testing was used in the
assessment of demographics data. For Tables 1–3, the above-
mentioned tests were used, but the two P values corre-
spond to how the youngest (age 0–29 years) and oldest
(age 80–99 years) age groups relate to the remaining popu-
lation. Multivariate Cox cause-specific hazard regression was
used to establish hazard ratios for development of uveal
melanoma metastasis in a nonconditional fashion for two-
year, five-year, and 10-year outcomes, as well as five-year
and 10-year outcomes in a conditional fashion for patients
who survived three years without developing metastasis.
Variables incorporated into the multivariate model included
sex, race, tumor basal diameter, tumor thickness, tumor
location, presence of subretinal fluid, rupture in Bruch’s
membrane, vitreous or subretinal hemorrhage, and death
from non-melanoma-related causes. Competing risks anal-
ysis was performed for CIM for uveal melanoma predict-
ing cumulative incidence function, which produced survival
curves and also determined an annual likelihood of metas-
tasis. In this model, the cause-specific hazard is metastasis
resulting from uveal melanoma confirmed on histopathology
via biopsy or appropriate imaging, such magnetic resonance
imaging or computerized tomography, and the variable of
competing risk was death from causes unrelated to uveal
melanoma that occurred prior to development of metastatic
disease. It was assumed that all melanoma-related deaths
were a result of metastatic disease. Gray’s test was used to
analyze the difference in CIM by age. Assessment of the
Kendall Tau correlation coefficient was performed to deter-
mine the significance of trends for the annual risk of metas-
tasis. All analyses were run with and without the inclusion of
iris melanoma, which demonstrated no notable statistically
different trends between age groups; therefore the entire
cohort was used for the purpose of this study. A P value
<0.05 was considered statistically significant for results of
all analyses.

RESULTS

There were 8091 consecutive patients with uveal melanoma
managed over a 51-year period (August 25, 1970–August 27,
2007) at the Ocular Oncology Service at Wills Eye Hospital
of Thomas Jefferson University, Philadelphia, Pennsylvania
USA. In this analysis, we explored cCIM in 8091 patients
with uveal melanoma, subdivided by select age groups (0–29
years [n = 348, 4%], 30–59 years [n = 3859, 48%], 60–79 years
[n = 3425, 42%], 80–99 years [n = 459, 6%]). Of 8091 initial
patients, 6679 (83%), 4100 (51%), 2010 (25%), 459 (6%), and
99 (1%) patients were followed up at one year, five years, 10
years, 20 years, and 30 years, respectively. Mean follow-up
time was 6.9 years, and longest follow-up duration was 46.9
years.

Demographic features are listed in Table 1. The patient
sex was male (n = 4086, 51%) or female (n = 4005, 49%),
race was White (n = 7908, 98%) or non-White (n = 183, 2%),
and affected eye was right (n = 3955, 49%) or left (n = 4136,
51%). Compared to the remaining population the youngest
and oldest patients were more likely to be female (P = 0.001
and P < 0.001). Although the youngest patients were more
likely to be non-White (P = 0.008), the oldest patients were
more likely to be White (P = 0.006). There was no difference
per age category regarding affected eye.

Tumor features are listed in Table 2. The tumor showed
largest basal diameter (mean 11.1 mm,median 11.0 mm) and
thickness (mean 5.5 mm, median 4.5 mm) with location to
optic disc (mean 5.2 mm,median 3.8 mm) and foveola (mean
5.0 mm, median 3.0 mm). Increasing age category was asso-
ciated with larger tumor basal diameter (10.2 vs. 10.8 vs. 11.4
vs. 12.3 mm, P < 0.001) and thickness (5.3 vs. 5.3 vs. 5.6 vs.
6.5 mm, P< 0.001), and more peripheral tumor location (P<

0.001). The oldest patients were more likely to have greater
tumor pigmentation (P < 0.001), greater mushroom config-
uration (P = 0.007), greater Bruch’s membrane rupture (P
= 0.004), greater vitreous or subretinal hemorrhage (P <

0.001), and less subretinal fluid (P = 0.015). The youngest

Downloaded from iovs.arvojournals.org on 08/21/2023



Conditional Outcomes of Uveal Melanoma by Age IOVS | July 2023 | Vol. 64 | No. 10 | Article 7 | 5

T
A
B
L
E
4
.

C
u
m
u
la
ti
ve

In
ci
d
en

ce
o
f
M
et
as
ta
si
s
in

U
ve

al
M
el
an

o
m
a
in

80
91

P
at
ie
n
ts

o
ve

r
30

Y
ea

rs
b
y
A
ge

G
ro
u
p
.A

n
al
ys
is

at
In
it
ia
l
P
re
se
n
ta
ti
o
n
(N

o
n
-c
o
n
d
it
io
n
al

Su
rv
iv
al
)
an

d
Sp

ec
ifi
c

M
et
as
ta
si
s-
Fr
ee

T
im

ep
o
in
ts

(C
o
n
d
it
io
n
al

Su
rv
iv
al
)

P
at
ie
n
t
A
g
e
at

P
re
se
n
ta
ti
o
n

0
–2

9
Y
ea

rs
3
0
–5

9
Y
ea

rs
6
0
–7

9
Y
ea

rs
8
0
–9

9
Y
ea

rs
D
u
ra
ti
o
n
o
f
A
ch

ie
ve

d
M
et
as

ta
si
s-
F
re
e
S
u
rv
iv
al

(n
=

3
4
8
P
at
ie
n
ts
)

(n
=

3
8
5
9
P
at
ie
n
ts
)

(n
=

3
4
2
5
P
at
ie
n
ts
)

(n
=

4
5
9
P
at
ie
n
ts
)

To
ta
l
P
o
p
u
la
ti
o
n

(n
=

8
0
9
1
P
at
ie
n
ts
)

T
yp

e
o
f

S
u
rv
iv
al

M
et
as

ta
si
s
F
ro

m
U
ve

al
M
el
an

o
m
a

5
Y
ea

rs
1
0
Y
ea

rs
2
0
Y
ea

rs
3
0
Y
ea

rs
5
Y
ea

rs
1
0
Y
ea

rs
2
0
Y
ea

rs
3
0
Y
ea

rs
5
Y
ea

rs
1
0
Y
ea

rs
2
0
Y
ea

rs
3
0
Y
ea

rs
5
Y
ea

rs
1
0
Y
ea

rs
2
0
Y
ea

rs
3
0
Y
ea

rs
p
-V
al
u
e

5
Y
ea

rs
1
0
Y
ea

rs
2
0
Y
ea

rs
3
0
Y
ea

rs
n
cC

IM
[n

(%
)]

A
t
p
re
se
n
ta
ti
o
n

(n
=

80
91

p
at
ie
n
ts
)

19
(8
)

31
(1
5)

34
(1
9)

36
(2
7)

34
7
(1
2)

52
0
(2
1)

61
5
(3
0)

62
5
(3
5)

46
6
(1
8)

57
5
(2
6)

62
4
(3
6)

62
7
(3
9)

53
(2
1)

60
(2
9)

60
(2
9)

60
(2
9)

<
0
.0
0
1

88
5
(1
5)

11
86

(2
3)

13
33

(3
2)

13
48

(3
6)

cC
IM

[n
(%

)]
1
ye

ar
(n

=
66

35
p
at
ie
n
ts
)

16
(7
)

28
(1
4)

31
(1
8)

33
(2
6)

30
3
(1
1)

47
6
(2
0)

57
1
(2
9)

58
1
(3
4)

37
0
(1
6)

47
9
(2
4)

52
8
(3
4)

53
1
(3
8)

46
(2
0)

53
(2
9)

53
(2
9)

53
(2
9)

<
0
.0
0
1

73
5
(1
3)

10
36

(2
1)

11
83

(3
1)

11
98

(3
5)

2
ye

ar
s
(n

=
58

95
p
at
ie
n
ts
)

14
(6
)

26
(1
4)

29
(1
7)

31
(2
5)

21
8
(8
)

39
1
(1
7)

48
6
(2
8)

49
6
(3
2)

24
8
(1
2)

35
7
(2
0)

40
6
(3
1)

40
9
(3
5)

27
(1
4)

34
(2
4)

34
(2
4)

34
(2
4)

0
.0
0
1

50
7
(1
0)

80
8
(1
9)

95
5
(2
8)

97
0
(3
3)

3
ye

ar
s
(n

=
50

62
p
at
ie
n
ts
)

9
(4
)

21
(1
2)

24
(1
6)

26
(2
4)

12
5
(5
)

29
8
(1
5)

39
3
(2
5)

40
3
(3
0)

13
9
(8
)

24
8
(1
6)

29
7
(2
8)

30
0
(3
2)

11
(7
)

18
(1
8)

18
(1
8)

18
(1
8)

0.
08

7
28

4
(6
)

58
5
(1
5)

73
2
(2
5)

74
7
(3
0)

4
ye

ar
s
(n

=
44

85
p
at
ie
n
ts
)

4
(2
)

16
(1
0)

19
(1
4)

21
(2
2)

52
(2
)

22
5
(1
2)

32
0
(2
3)

33
0
(2
8)

66
(4
)

17
5
(1
3)

22
4
(2
6)

22
7
(3
0)

2
(6
)

9
(1
4)

9
(1
4)

9
(1
4)

0.
18

5
12

4
(3
)

42
5
(1
2)

57
2
(2
3)

58
7
(2
8)

5
ye

ar
s
(n

=
39

31
p
at
ie
n
ts
)

12
(8
)

15
(1
2)

17
(2
1)

17
3
(1
0)

26
8
(2
1)

27
8
(2
6)

10
9
(1
0)

15
8
(2
3)

16
1
(2
7)

7
(1
3)

7
(1
3)

7
(1
3)

0.
51

9
30

1
(1
0)

44
8
(2
1)

46
3
(2
6)

6
ye

ar
s
(n

=
34

12
p
at
ie
n
ts
)

10
(7
)

13
(1
1)

15
(2
0)

11
8
(8
)

21
3
(1
9)

22
3
(2
4)

79
(8
)

12
8
(2
1)

13
1
(2
6)

5
(1
1)

5
(1
1)

5
(1
1)

0.
69

2
21

2
(8
)

35
9
(1
9)

37
4
(2
4)

7
ye

ar
s
(n

=
29

60
p
at
ie
n
ts
)

9
(7
)

12
(1
1)

14
(1
9)

78
(6
)

17
3
(1
7)

18
3
(2
3)

51
(6
)

10
0
(2
0)

10
3
(2
5)

4
(1
0)

4
(1
0)

4
(1
0)

0.
86

8
14

2
(6
)

28
9
(1
7)

30
4
(2
3)

8
ye

ar
s
(n

=
25

89
p
at
ie
n
ts
)

7
(5
)

10
(9
)

12
(1
8)

57
(4
)

15
2
(1
6)

16
2
(2
2)

32
(4
)

81
(1
8)

84
(2
3)

2
(7
)

2
(7
)

2
(7
)

0.
88

5
98

(4
)

24
5
(1
6)

26
0
(2
1)

9
ye

ar
s
(n

=
22

62
p
at
ie
n
ts
)

4
(3
)

7
(7
)

9
(1
6)

28
(2
)

12
3
(1
4)

13
3
(2
0)

14
(2
)

63
(1
7)

66
(2
2)

0
(0
)

0
(0
)

0
(0
)

0.
43

7
46

(2
)

19
3
(1
4)

20
8
(2
0)

10
ye

ar
s
(n

=
19

81
p
at
ie
n
ts
)

3
(4
)

5
(1
3)

95
(1
2)

10
5
(1
8)

49
(1
5)

52
(2
0)

0
(0
)

0
(0
)

0.
31

2
14

7
(1
3)

16
2
(1
8)

B
o
ld

va
lu
es

in
d
ic
at
e
st
at
is
ti
ca
l
si
gn

ifi
ca
n
ce
.

Downloaded from iovs.arvojournals.org on 08/21/2023



Conditional Outcomes of Uveal Melanoma by Age IOVS | July 2023 | Vol. 64 | No. 10 | Article 7 | 6

TABLE 5. Conditional Metastasis of Uveal Melanoma in 8091 Patients over Half-Century by Age Group: Assessing the Entire Population and
the Extremes of Age

Age 0–29 (n = 348) Age 80–99 (n = 459)

HR (95% CI) P Value HR (95% CI) P Value

Nonconditional multivariate analysis
Metastasis in the first two years 0.30 (0.12-0.75) 0.010 1.68 (1.10-2.58) 0.017
Metastasis in the first five years 0.52 (0.32-0.86) 0.011 1.75 (1.29-2.39) 0.001
Metastasis in the first 10 years 0.66 (0.44-0.97) 0.037 1.78 (1.04-2.50) 0.034

Conditional multivariate analysis for patients with
three years metastasis free survival
Metastasis in the first five years 1.15 (0.53-2.52) 0.726 1.12 (0.60-2.08) 0.731
Metastasis in the first 10 years 1.07 (0.65-1.75) 0.802 0.86 (0.52-1.41) 0.547

Multivariate Cox regression, hazard ratios for metastasis at specific time points.

FIGURE 1. Competing risk regression for cumulative incidence of metastasis over time with comparison of age stratification (0–29 vs. 30–59
vs. 60–79 vs. 80–99 years) at presentation, and after 3-year, 5-year, and 10-year metastasis-free survival. Number at risk at each time point
were included at the bottom of each graph and are color coordinate with its respective age group.

patients were more likely to have diffuse (P = 0.001) or tapi-
oca (P < 0.001) tumor configuration and less likely to have
subretinal fluid (P = 0.006) or vitreous or subretinal hemor-
rhage (P = 0.001).

Tumor primary treatment is listed in Table 3. Overall,
treatment included plaque radiotherapy (n = 5004, 62%),
enucleation (n = 1873, 23%), transpupillary thermotherapy

(n = 328, 4%), partial lamellar sclerouvectomy (resection)
(n = 401, 5%), and others (n = 485, 6%). The youngest
patients were more likely to undergo PLSU (P < 0.001)
or primary enucleation (P < 0.001) and less likely to
have plaque radiotherapy (P < 0.001). The oldest patients
were less likely to undergo transpupillary thermotherapy
(P < 0.001) and PLSU (P < 0.001).
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FIGURE 2. The annual likelihood of metastasis over time since diagnosis (years) of all 8091 patients with uveal melanoma and by age
stratification (0–29 vs. 30–59 vs. 60–79 vs. 80–99 years).

FIGURE 3. The percent of metastasis by location (liver, lung, bones, other) of initial metastasis with comparison of age (0–29 vs. 30–59 vs.
60–79 vs. 80–99 years).

The ncCIM and cCIM are listed in Table 4. In the
entire population, the ncCIM revealed five-year/10-year/20-
year/30-year metastatic rate at 15%/23%/32%/36%. The cCIM
for the entire population revealed five-year/10-year/20-
year/30-year metastatic rate (for those without metastasis
at two years) at 10%/19%/28%/33% and the conditional
10-year/20-year/30-year metastatic rate (for those without
metastasis at five years) at 10%/21%/26%. Furthermore, the

cCIM for the entire population revealed 20-year/30-year
metastatic rate (for those without metastasis at 10 years)
at 13%/18%. For the total population, 330 patients (4%)
were documented to have died of non-melanoma-related
causes before the development of metastasis, including one
patient (<1%) 0 to 29 years, 77 patients (2%) 30 to 59 years,
210 patients (6%) 60 to 79 years, and 42 patients (9%) 80 to
99 years.
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Hazard ratios for development of uveal melanoma metas-
tasis at specific time points are listed in Table 5. Patients
presenting under the age of 30 years were less likely to
develop metastasis at two years (HR = 0.30, P = 0.01), five
years (HR = 0.52, P = 0.01), and 10 years (HR = 0.66,
P = 0.04) compared to the remaining population, while
patient presenting age 80 years or older were more likely
to develop metastasis at two years (HR = 1.68, P = 0.02),
five years (HR = 1.75, P = 0.001), and 10 years (HR = 1.78,
P = 0.03) compared to the remaining population. However,
for patients who maintain metastasis-free survival through
the first three years, there is no difference in likelihood to
develop metastasis in the remaining five-year and 10-year
periods based on age at presentation.

Risk regression analyses for cumulative incidence of
metastasis per age group are illustrated in Figure 1. By
comparison, increasing age (0–29 vs. 30–50 vs. 60–79 vs.
80–99) was associated with greater incidence of metastasis
at initial presentation (ncCIM) (P < 0.001). The conditional
outcomes (cCIM) after surviving three years, five years, and
10 years were no different per age group (Fig. 1). The annual
rate of metastasis for all patients decreased over time since
diagnosis (P < 0.001) and peaked at approximately three to
four years after diagnosis (Fig. 2). The average annual rate
of metastasis for the total population within the first five
years was 2.96%, for years five to 10 (1.62%), for years 10
to 20 (1.00%), and for years 20 to 30 (0.40%). After more
than 30 years’ follow-up, three surviving patients developed
extremely late metastasis at 31.2, 32.1, and 39.5 years after
diagnosis.

The location of the initial metastasis is shown in Figure 3.
Among all age groups, the initial metastasis involved the liver
(86.8%), lung (18.2%) or bone (10.7%). There was no differ-
ence in metastatic location by age group (P > 0.05 for all
locations).

DISCUSSION

In 2016, Merrill and Bateman summarized the importance
of conditional survival rates, emphasizing that these rates
are tailored to a patient’s accrued survival time and provide
outcomes that are more relative to the single patient as
compared to non-conditional survival.27 They investigated
cutaneous melanoma from the SEER database registry and
noted that five- and 10-year relative survival decreased
with age and stage at diagnosis and were lower in males,
Blacks, and Hispanics; however, the conditional survival
rates improved with each accrued year. Van der Leest et al.30

studied 40,050 affected patients with cutaneous melanoma
in the Netherlands between 1994 and 2008 and noted that
those with thick (>4 mm) melanoma showed five-year non-
conditional survival at 60% compared to conditional survival
(for those with 7 accrued years) at 90%. They additionally
noted that conditional survival improved for all melanoma
survivors year-by-year with the exception of those with the
smallest malignancies (≤1 mm thickness) which showed no
excessive mortality. Kim et al.26 explored 5145 cases of anal
squamous cell carcinoma in the SEER database from 1988 to
2012 and found that the most advanced cases demonstrated
the greatest improvement in conditional survival.

In 2020, Zabor et al.34 evaluated conditional survival in
6863 patients with uveal melanoma in the SEER database
and quoted the five-year and 10-year nonconditional survival
(no melanoma-related death) at 80% and 69%, respectively.
After surviving one, two, three, or four years after diag-

nosis, the five-year conditional survival improved to 82%,
87%, 92%, and 96%, respectively. After survival at five, six,
seven, eight, or nine years after diagnosis, the 10-year condi-
tional survival improved to 87%, 90%, 93%, 96%, and 98%,
respectively. In 2021, Shields et al.35 further studied condi-
tional survival of uveal melanoma based on genetic test-
ing in 1001 consecutive cases, classified according to TCGA,
with the population distributed as follows: Group A (49%),
B (14%), C (26%), and D (11%). The nonconditional five-
year/10-year metastatic rate showed the following: Group
A (4%/6%), Group B (12%/20%), Group C (23%/49%), and
Group D (60%/68%). This improved with conditional evalu-
ation for metastasis, and those who survived five years with
no metastasis demonstrated 10-year metastasis in Group A
(2%), Group B (10%), Group C (33%), and Group D (20%).

In the current analysis, we studied a large, single-center
cohort of 8091 eyes with uveal melanoma and found
the five-year/10-year/20-year/30-year nonconditional cumu-
lative incidence of metastasis was 15%/23%/32%/36%. For
those who accrued three years with no metastasis, the
conditional metastasis improved to 6%/15%/25%/30%, and
for those who accrued 10 years with no metastasis, the
20-year/30-year metastatic rate was 13%/18%, respectively.
Additionally, we studied conditional risk for metastasis by
age and noted that the youngest cohort showed better
metastasis-free survival than the oldest cohort in the first two
years, but this diminished to no difference at the three-year
timepoint. The cCIM, after surviving three years, five years,
and 10 years was not different per age group. The annual
rate of metastasis for all patients decreased over time since
the time of diagnosis (P < 0.001) and peaked at three to four
years after diagnosis for all age groups. The average annual
rate of metastasis decreased over time for the total popula-
tion including those followed up for years 0 to five (2.96%),
for years five to 10 (1.62%), for years 10 to 20 (1.00%), and
for years 20 to 30 (0.40%). There was no difference in loca-
tion of metastasis by age group (P > 0.05).

Regarding patients at the extremes of age with uveal
melanoma, there have been no previous analyses evaluat-
ing cCIM of youngest compared to oldest adults with uveal
melanoma, and our report represents the first publication on
this topic. In 2012, Shields et al. evaluated uveal melanoma
based on age in a ncCIM analysis of 8033 patients and found
that younger patients (≤20 years, n = 106 [1%]) demon-
strated more frequent iris melanoma, smaller tumors, and
less extraocular extension, leading to less ncCIM at three,
five, 10, and 20 years (2%, 9%, 9%, 20%) compared to older
adults (>60 years, n = 3640, 45%) (11%, 19%, 28%, 39%).36

In 2016, Al-Jamal et al.37 published on pediatric choroidal
and ciliary body melanoma from 24 ocular oncology centers
in Europe involving 299 pediatric patients (age 0–18 years).
Melanoma-related nonconditional survival (pediatric [0–18
years] vs. young adults [18–25 years]) was 97% and 90%
at 5 years and 92% and 80% at 10 years (P = 0.013). This
study suggested that children with choroidal and ciliary
body melanoma had a more favorable survival than young
adults, adjusting for TNM stage and gender. More recently,
Dogrusoz et al analyzed prognostic factors five years after
enucleation for uveal melanoma in 583 cases and found
that older age was not a significant factor in the multivari-
able analysis.38 Our current results in 8091 patients suggest
that young patients (≤29 years) had lower cCIM than both
the middle age groups (30–59 and 60–79 years) and the
oldest age group (≥80 years); however, this difference in
long-term outcome by age was nullified for patients who
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survived at least three years without developing metasta-
sis. Interestingly, as demonstrated by Shields et al.11 in 1001
eyes with uveal melanoma who underwent cytogenetic anal-
ysis for TCGA classification, patients with higher-genetic-
risk Group D tumors were older than patients with Group
A tumors (64 vs. 57 years). Moreover, the peak incidence
of metastasis was earlier for patients with Group D tumors
compared to tumors with less cytogenetic atypia.35 Similarly,
the oldest age group in our study demonstrated an early
peak incidence of metastasis that precipitously dropped
more rapidly than younger groups (Fig. 2). Although cytoge-
netic analysis was not performed in most eyes in our current
cohort because many were treated before the development
of such testing, it stands to reason that the oldest group of
patients may be more likely to possess tumors with a higher
degree of cytogenetic atypia compared to their younger
counterparts based on their trends of metastasis over
time.

There are limitations to this study, including the unique
rarity of uveal melanoma and the retrospective data collec-
tion and analysis in such a large cohort over 51 years.
This comprehensive cohort of patients, managed at a single
center of excellence for uveal melanoma, provides impor-
tant perspective regarding patient conditional outcomes. We
realize that this study, conducted over 5 decades, might have
experienced different philosophies regarding management
of this intraocular malignancy over time, but the data reports
important conditional outcomes that may contribute to our
understanding of patient prognosis at specific timepoints
following therapy. In addition, this “real world” large cohort
data included patients treated by our team and followed
with us for a few years then preferred follow-up closer to
home. For such patients, although information pertaining to
the development of metastasis was highly reliable through
the re-referral or the correspondence of local physicians,
information related to deaths not related to melanoma may
be underreported due to limited correspondence following
the patients’ deaths. This could potentially lead to overly
pessimistic estimations of CIM.

Because of its generally more favorable survival, inclu-
sion of iris melanoma may alternatively lead to an overly
optimistic estimation of CIM, despite no statistically signifi-
cant change in relation to survival between the age groups.
However, iris melanoma was included to offer a “real
world” analysis for all patient with uveal melanoma, not
just a specific cohort. Furthermore, in the oldest age cohort,
patient follow-up after four years was low and could be
unreliable. These data allow us the opportunity to counsel
patients with a greater understanding of uveal melanoma
and its disease course, specifically considering patient age
and other prognostic factors at diagnosis and on subsequent
follow-up.

In conclusion, our analysis of 8091 patients with uveal
melanoma revealed the entire population with five-year/10-
year/20-year/30-year cumulative incidence of metastasis
improved with accrued years. The ncCIM risk improved from
15%/23%/32%/36% to the cCIM risk (with patient survival
of three years with no metastasis) of 6%/15%/25%/30%. A
separate analysis on the impact of conditional analysis on
the extremes of age (youngest age [0–29 years, n = 348]
vs. oldest age [80–99 years, n = 459]) showed no difference
in cCIM at 5-year, 10-year, 20-year, and 30-year outcomes.
Although age seemed to be a prognosticator of metastasis
within the first two years of diagnosis (P < 0.001), there
was no difference after three years when the cumulative

incidence of metastasis was similar among all age groups
(P = 0.09).
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