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e PURPOSE: To build and validate a prognostic model
that predicts long-term overall survival (OS) in metastatic
choroidal and ciliary body melanoma (CCBM) to facili-
tate patient counseling and planning, reporting, and in-
terpreting clinical trials.

» DESIGN: Retrospective cohort study with validation.

e METHODS: We analyzed predictors of intermediate
(IMT; 25-<42 months) and long-term (LT; >42 months)
OS in a Finnish nationwide cohort of 330 patients with
metastatic CCBM. Short-term (<25 months), IMT, and
LT survival were compared with pairwise and ordinal lo-
gistic regression. A single-center cohort of 259 patients
from Italy was used for validation. Models were compared
with a deviance test.

e RESULTS: Median OS was 12 and 17 months in the
building and validation datasets, respectively; 40 (12%)
and 31 (9%) compared with 44 (17%) and 32 (12%)
patients were IMT and LT survivors, respectively. Alka-
line phosphatase or lactate dehydrogenase level never ex-
ceeded 2 times the upper normal limit (UNL) in either LT
cohort. Conditional to both being <2 times the UNL, dis-
tant metastasis-free interval (DMFI) >42 months (odds
ratio [OR] 4.09-4.64; P < .001) paired with age <60
years (OR 3.23; P = .002), having no symptoms (OR
4.19; P = .005), and the largest diameter of the largest
metastasis <30 mm (Tumor, Node, Metastasis stage M1a;
OR 3.05; P = .001) independently predicted higher odds
of surviving longer (IMT or LT) without model pref-
erence. These results were confirmed in the validation
dataset.

e CONCLUSIONS: Alkaline phosphatase or lactate de-
hydrogenase >2 times the UNL essentially precluded
LT survival. The most robust predictor otherwise
was DMFI >42 months, followed by age <60 vyears,
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ROFESSIONALS ~AND  PATIENTS ALIKE SELDOM
P associate metastatic uveal melanoma with long-
term (LT) survival. Historically, overall survival
(OS) after the diagnosis of metastases from a primary uveal
melanoma has been short—a median of 6 months—and
even in meta-analyses that focus on more recent actively
treated patients the median is 12 to 13 months.'™* More-
over, metastatic uveal melanoma remains the leading cause
of death even 30 years after the diagnosis of the primary
tumor.” Although the cure rate approaches nil over time,
LT survival is possible, and about 2% of patients with
metastases survive for 5 years.”»%’
Indeed, both clinical practice and a few reports show that
a subset of LT survivors exists with as yet uncertain clinical
characteristics.""*"'> The number of LT survivors in these
studies has ranged from 1-44, depending on sample size and
the definition of LT survival, variably defined as >12-48
months. Seven clinical indicators emerge that have been
proposed in these reports to be associated with LT survival:
female sex,'” younger age,®'%'! longer distant metastasis-
free interval (DMFI),'®'! normal level of serum or plasma
lactate dehydrogenase (LD),%!? absence of hepatic metas-
tases, ' higher number of affected organ systems,'” smaller
size of the largest liver metastasis,” and surgical resection or
liver-directed therapy.'®!!
A systematic approach to predictors of LT survival in
a larger series of patients that would build on previously
published findings and validate the resulting model is un-
available. A validated model based on such an analysis
would help identify patients with newly diagnosed metas-
tases whose characteristics predict likely LT survival so that
they can be counseled and managed accordingly. Among
other benefits, the availability of such a model could pre-
vent inadvertent overestimation of OS outcomes in non-
randomized trials—a common setting in reports on this rare
cancer. We hereby report systematic modeling of robust pre-
dictors of LT survival in patients with metastatic choroidal
and ciliary body melanoma (CCBM) in a comprehensive
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national dataset, and validation of the model with a large
external independent dataset.

METHODS

e AIMS OF THE STUDY: Our primary aims were to model
and verify factors previously proposed to predict LT survival
of patients with metastatic CCBM in a nationwide cohort
and to validate a model built from the most robust indepen-
dent predictors using a large independent cohort of patients
from a tertiary referral center for eye cancer to support the
reliability and applicability of the results.

* MODEL BUILDING DATASET: Eligible for the first stage of
this retrospective observational cohort study were 338 pa-
tients treated for primary CCBM in the Ocular Oncology
Service, Department of Ophthalmology, Helsinki Univer-
sity Hospital, Finland—a national referral center that man-
ages >95% of patients with this type of cancer—and later
diagnosed with metastases between January 1, 1999 and De-
cember 31, 2016. Less than 1% of patients had received
any adjuvant treatment before metastases were diagnosed.
The institutional review board and the National Institute
for Health and Welfare approved the study. Informed con-
sent was waived because of its retrospective, record-based
nature. Exclusion criteria were diagnosis of metastases first
at autopsy (2 patients), metastases not consistent with uveal
melanoma upon review (1 patient), a concurrent active sec-
ond cancer (3 patients), or lack of main details of metastases
(2 dead patients whose medical records already had been de-
stroyed according to local law; Supplemental Figure 1, A).

We obtained patient charts from all hospitals that partic-
ipated in the management of metastases. The verification
of metastases in the 330 consecutive enrolled patients has
been described previously.” Sex, age, date of diagnosis of pri-
mary CCBM and its metastases, American Joint Commit-
tee on Cancer (AJCC) 8th edition Tumor, Node, Metas-
tasis (TNM) staging,"’ and participation in annual (semi-
annual from 2014 onward for TNM stage III) review with
liver function tests (LFTs) and upper abdominal ultrasonog-
raphy (US) to detect metastases early, followed by staging
computed tomography (CT), magnetic resonance imaging
(MRI), or both, when metastases were suspected,'* DMFI
(time from the diagnosis of the primary tumor to the di-
agnosis of metastases), total serum or plasma levels of LD
and alkaline phosphatase (AP), sites of metastases (hep-
atic, extrahepatic with or without hepatic), the largest di-
ameter of the largest metastasis (LDLM), presence of symp-
toms from metastases, the Eastern Cooperative Oncology
Group (ECOG) performance status (PS) at the time of
treatment decision widely used to quantify the symptoms
and functions in cancer patients,"’ treatment modality, and
the number of treatment lines eventually given were con-
sidered. First-line treatment modalities—surgical resection,
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other active treatment, or best supportive care (BSC)—
were categorized.®” Follow-up ended on May 25, 2020. The
date and cause of death were provided by Statistics Finland,
and we verified them against patient records.

For the purpose of this study, the patients were divided
into 3 cohorts according to their observed OS after diagno-
sis of metastases: <69 percentile (short-term [ST]), 69-84
percentile (intermediate-term [IMT]), and >84 percentile
(LT), translating to <25 months, 25-42 months, and >42
months, respectively. These percentiles were chosen be-
cause in the normal distribution they would correspond to
<0.5 standard deviation (SD), 0.5-1.0 SD, and >1.0 SD
above the mean.

* MODEL VALIDATION DATASET: We validated the model
by using an independent dataset from the University of
Padova, Italy, a major tertiary referral center for eye cancer.
The prospective melanoma database kept at the Melanoma
Oncology Unit of the Istituto Oncologico Veneto was
queried under institutional review board approval to ex-
pand a previously published dataset of 152 patients with
patients diagnosed with metastases from CCBM between
September 1990 and September 2020 (in the published se-
ries, October 2013). Of 273 identified patients, 14 were ex-
cluded because the date of diagnosis of metastatic CCBM
and thus also the DMFI was unavailable (Supplemental Fig-
ure 1, B).16

The validation dataset of 259 patients was construed
identically with the building dataset. Metastases were di-
agnosed by US or CT. Staging was completed with CT or
MRI, if not previously performed as a screening procedure.
Data from some variables from the earlier period could no
longer be retrieved.

o STATISTICAL ANALYSIS AND MODELING: Statistical
analysis was performed with Stata software (version 17,
Stata Corp, College Station, Texas, USA). Significance
was set at P < .05 unless otherwise stated. All P values are
2-tailed. We report median with range and interquartile
range for continuous variables as descriptive statistics. We
compared unordered and ordered variables across the 3
ordered categories of OS using the nonparametric test for
trend and the Jonckheere-Terpstra test, respectively.!”!®
We estimated OS in the entire datasets and by cohort of OS
using the Kaplan-Meier product-limit method and report
the median OS with its 95% confidence interval (CI). We
censored survivors at their last follow-up visit. Follow-up
time was measured from the detection of likely or suspected
metastases by imaging, subsequently confirmed typically
through a biopsy specimen when treatment was active or
through progression when the patient was not fit for active
therapy, to the death or most recent clinical evaluation.
Continuous variables including DMFI were alternatively
divided in tertiles. We also considered different previously
applied ways to categorize DMFL!”~** Of note, pathogenic
variants in BAPI are associated with frequent, generally
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rapid metastasis whereas those in SF3BI and, especially,
EIF1AX lead less frequently to metastases that usually seem
to appear later.'”?"2-2¢ This suggests that short, interme-
diate, and long DMFI might act as surrogates for the differ-
ent driver genes.”’

To choose robust independent prognostic factors associ-
ated with IMT (25-42 months) to LT (>42 months) OS,
we first applied penalized likelihood-based Firth logistic re-
gression (LR) to make 3 pairwise comparisons: ST vs LT,
IMT wvs LT, and ST-to-IMT vs LT survival. Firth LR was
chosen because it reduces bias and also provides finite and
consistent estimates in datasets like ours that are relatively
small, imbalanced—ie, only a small proportion of patients
survived LT—and include variables that exhibit complete
or quasi-complete separation—ie, they predict perfectly or
almost perfectly only because the dataset is relatively small
and its distribution is rather extreme.’%?’

In addition, we applied ordinal LR*" that allows >2 re-
sponse categories to estimate the influence of an indepen-
dent variable on the probability of being at a given or higher
level on an ordinal variable scale (here, IMT or LT survival
cohort). To overcome the problem of complete separation
when serum or plasma LD or AP level exceeded 2.0 times
the upper normal limit (UNL), we run the ordinal LR con-
ditional to these LFT levels being <2.0 times the UNL.
As a bridge between Firth LR and ordinal LR we verified
that the 3 pairwise comparisons, when conditional to LD
and AP being <2.0 times the UNL, produced LR estimates
comparable to those from Firth LR.

We considered a variable to be a robust predictor if it pre-
dicted longer OS in >2 of the 3 pairwise regressions (both
in Firth LR and in the conditional LR) as well as in the
conditional ordinal LR. Ordinal LR alone was used for sub-
sequent bivariable regression based on the identified uni-
variable robust predictors to avoid multiple binary compar-
isons. We allowed independent variables in models if P <
.10. Effect sizes are expressed as odds ratios (ORs) with their
95% Cls. The model assumptions were tested with Maarten
Buis’s oparallel command in Stata.

Competing bivariate models obtained from analysis of
OS in the building dataset were compared using the de-
viance test in a dataset collapsed listwise to comprise pa-
tients who had all available variables included in the com-
peting models. Finally, the preferred models were tested
in the independent external validation dataset. The tertile
cutpoints from the building dataset were applied also to the
validation dataset.

RESULTS

e CLINICAL CHARACTERISTICS:

Building dataset
The median OS after metastasis of the 330 patients
(Table 1) was 12 months (range 0.1-171 months; Figure 1,
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A), and 259 (78%) patients survived <25 months (ST),
40 (12%) survived 25-42 months (IMT), and 31 (9%) sur-
vived >42 months (LT; Figure 1, B). In 12 patients, metas-
tases were diagnosed before the primary CCBM (range 1-39
days); of these 8, 2, and 2 were in the ST, IMT, and LT co-
horts, respectively. Surveillance for metastases was regular
for 320 (97%) patients who had the LFTs and upper abdom-
inal US taken within 4 weeks before their next scheduled
surveillance visit. Eleven patients were alive with progres-
sive metastases at the time of analysis, 2 and 9 of them in
the IMT and LT cohorts of which they formed 5% and 29%,
respectively.

The age at diagnosis of the primary CCBM (median 66
vs 59 vs 55 years, P < .001 nonparametric test for trend)
and, to a lesser extent, its metastases (median 69 vs 63 vs
62 years, P = .003) decreased by OS cohort, whereas the
age at death was comparable between the cohorts (median
70 vs 66 vs 68 years, P = .36; Table 1). The DMFI corre-
spondingly increased across the OS cohorts, especially from
the IMT to the LT cohort (median 25 vs 27 vs 54 months,
P < .001). DMFI as a prognostic factor has been catego-
rized in several ways in the published literature,'”** pro-
vided for comparison in Table 1 in addition to the tertiles
that were primarily used in modeling (P < .001 Jonckheere-
Terpstra test). We did not have evidence that sex (P = .46,
nonparametric test for trend), tumor extension from the
choroid to adjacent tissues (P = .18), or the distribution
of TNM size categories and stages would have differed be-
tween the OS cohorts (P = .99 and P = .95, respectively,
Jonckheere-Terpstra test). Of note, no IMT or LT cohort
survivor represented the worst local TNM stage I1IC, but 4
(10%) and 2 (6%) patients in these cohorts, respectively,
had synchronous metastases (stage IV disease).

The percentage of patients without symptoms from
metastases increased by OS cohort from 57% to 97% (P
< .001 nonparametric test for trend), and only 2 (5%)
and 1 (3%) patients in the IMT and LT cohorts, respec-
tively, had a PS worse than 1 compared with 100 (38%) pa-
tients in the ST cohort (P < .001, Jonckheere-Terpstra test;
Table 1). The percentage of patients with AP and LD level
within their UNL increased with OS cohort (50% vs 63%
vs 81% and 22% vs 35% vs 48%, respectively, P < .001 for
both), and neither LFT exceeded 2.0 times the UNL in the
LT cohort, although 1 (3%) patient in the IMT cohort had
LD >2.0 times the UNL, and the levels were not recorded
for 4 (13%) and 12 (39%) patients, respectively. The me-
dian LDLM decreased with increasing OS cohort (35 vs 24
vs 20 mm, P < .001 nonparametric test for trend), and only
2 (5%) and 1 (3%) patient in the IMT and LT cohorts, re-
spectively, had a metastasis >80 mm (M1c) compared with
37 (14%) of patients in the ST cohort (P < .001 across all
3 M1 categories, Jonckheere-Terpstra test).

The percentage of patients with only hepatic metastases
was 69% overall and comparable between the OS cohorts
(P = .92 nonparametric test for trend; Table 1). A larger
percentage of patients in the LT cohort than in the other
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TABLE 1. The building and validation datasets. Characteristics of patients diagnosed with metastatic choroidal and ciliary body melanoma. Characteristics for patients with newly

diagnosed metastatic choroidal and ciliary body melanoma in the building and validation datasets.

Variable Building dataset (N =330) Validation dataset (N = 259)
Intermediate-term Long-term Intermediate-term Long-term
Short-term survival survival P-value for All patients Short-term survival survival
All patients survival <25 mo 25-42 mo >42 mo trend N=259 survival <25 mo 25-42 mo >42 mo P-value for
N=330 (100%)  N=259 (78%) N =40 (12%) N =31 (9%) (100%) N =183 (71%) N =44 (17%) N =32 (12%) trend
Sex, n (%)? 46° .37°
Female 161 (49) 123 (47) 22 (55) 16 (52) 127 (49) 86 (47) 24 (55) 17 (53)
Male 169 (51) 136 (53) 18 (45) 15 (48) 132 (51) 97 (53) 20 (45) 15 (47)
Status at last follow-up, n (%) <.001° .073°
Alive with metastases 11 (3) 0(0) 2 (5) 9 (29) 32 (12) 18 (10) 8 (18) 6 (19)
Dead of metastases 319 (97) 259 (100) 38 (95) 22 (71) 227 (88) 165 (90) 36 (82) 26 (81)
Age, median (IQR, range), y
Primary tumor 65, 66, 59, 55, <.001° 61, 63, 60, 54, .001°
(56-74), (57-75), (54-71), (47-67), (53-68), (55-69), (49-68), (44-65),
(18-92) (18-92) (28-82) (27-86) (19-88) (19-88) (33-81) (25-76)
Metastatic disease 68, 69, 63, 62, .003° 65, 66, 64, 58, .018°
(59-77), (59-78), (59-74), (54-70), (57-72), (59-72), (565-72), (49-69),
(20-95) (20-95) (31-94) (33-90) (28-91) (28-91) (34-84) (38-80)
Death 69, 70, 66, 68, .36° 66, 67, 66, 65, .83°
(61-78), (61-78), (61-76), (59-76), (59-73), (59-73), (58-75), (55-75),
(22-97) (22-96) (34-97) (39-94) (29-92) (29-92) (37-86) (42-85)
Primary tumor extent, n (%) .18° .88
Limited to choroid 179 (54) 138 (53) 20 (50) 21 (68) 120 (46) 89 (49) 17 (39) 14 (44)
Ciliary body involvement 129 (39) 101 (39) 19 (48 9 (29) 45 (17) 30 (16) 10 (23) 5(16)
Extraocular extension 22 (7) 20 (8) 1(3) 1(3) 10 (4) 9(5) 1(2) 0(0)
Unknown 0(0) 0 (0) 0(0) 0(0) 84 (32) 55 (30) 16 (36) 13 (41)
TNM size category, n (%) .99¢ .99¢
T1 29 (9) 22 (8) 3(8) 4 (13) 14 (5) 5 (3) 4 (9) 5 (16)
T2 70 (21) 52 (20) 11 (28) 7 (23) 55 (21) 38 (21) 10 (23) 7 (22)
T3 124 (38) 91 (35) 19 (48) 14 (45) 69 (27) 56 (31) 8 (18) 5(16)
T4 107 (32) 94 (36) 7 (18) 6 (19) 29 (11) 23 (13) 4(9) 2 (6)
Not staged 0 (0) 0 (0) 0 (0) 0 (0) 92 (36) 61 (33) 18 (41) 13 (41)

(continued on next page)
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Variable Building dataset (N =330) Validation dataset (N =259)
All patients Short-term Intermediate-term Long-term P-value for All patients Short-term Intermediate-term Long-term P-value for
N =330 (100%)  survival <25 mo survival survival trend N =259 survival <25 mo survival survival trend
N =259 (78%) 25-42 mo >42 mo (100%) N =183 (71%) 25-42 mo >42 mo
N =40 (12%) N =231 (9%) N =44 (17%) N =32 (12%)
TNM stage, n (%) .95¢ .97¢
| 28 (8) 21 (8) 3(8) 4 (13) 12 (5) 5(3) 2 (5) 5(16)
A 60 (18) 46 (18) 8 (20) 6 (19) 47 (18) 30 (16) 11 (25) 6 (19)
1B 65 (20) 49 (19) 7 (18) 9 (29) 55 (21) 46 (25) 5(11) 4 (13)
A 86 (26) 64 (25) 14 (35) 8 (26) 36 (14) 28 (15) 6 (14) 2 (6)
1B 52 (16) 46 (18) 4 (10) 2 (6) 12 (5) 9(5) 1(2) 2 (6)
nc 8 (2) 8(3) 0(0) 0(0) 1(0) 1(1) 0(0) 0 (0)
v 31 (9) 25 (10) 4 (10) 2 (6) 6 (2) 5(3) 1(2) 0(0)
Not staged 0(0) 0(0) 0(0) 0(0) 90 (35) 59 (32) 18 (41) 13 (41)
DMFI, median (IQR, range), 27, 25, 27, 54, <.001° 30, 26, 43, 50, <.001°
mo (13-52), (12-46), (15-60), (35-96), (14-60), (13-49), (16-86), (22-96),
(-1-265) (-1-265) (-1-160) (-1-169) (-2-338) (-2-287) (0-271) (1-338)
DMFI tertiles, n (%) <.001° .001¢
<19 mo 110 (33) 93 (36) 15 (38) 2 (6) 87 (34) 68 (37) 13 (30) 6 (19)
>19-<42 mo 110 (33) 92 (36) 11 (28) 7 (23) 77 (64) 60 (33) 9 (20) 8 (25)
>42 mo 110 (33) 74 (29) 14 (35) 22 (71) 94 (36) 54 (30) 22 (50) 18 (56)
Unknown 0(0) 0(0) 0(0) 0(0) 1 (0) 1(1) 0(0) 0(0)
DMFI, n (%)d .007¢ .059°
0-6 mo 32 (10) 25 (10) 5(13) 2 (6) 28 (11) 24 (13) 3(7) 1(3)
6—-12 mo 33 (10) 31 (12) 2 (5) 0 (0) 18 (7) 13 (7) 2(5) 3(9)
12-24 mo 77 (23) 65 (25) 11 (28) 1(3) 58 (22) 42 (23) 11 (25) 5 (16)
>24 mo 188 (57) 138 (53) 22 (55) 28 (90) 154 (59) 103 (56) 28 (64) 23 (72)
Unknown 0(0) 0(0) 0(0) 0(0) 1 (0) 1(1) 0(0) 0(0)
DMFI, n (%)¢ <.001°¢ .007¢
<24 mo 142 (43) 121 (47) 18 (45) 3 (10) 104 (40) 79 (43) 16 (36) 9 (28)
24-42 mo 77 (23) 63 (24) 8 (20) 6 (19) 59 (23) 48 (26) 6 (14) 5 (16)
>42 mo 111 (34) 75 (29) 14 (35) 22 (71) 95 (37) 55 (30) 22 (50) 18 (56)
Unknown 0 (0) 0(0) 0(0) 0(0) 1(0) 1(1) 0(0) 0 (0)

(continued on next page)
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TABLE 1. (continued)

Variable Building dataset (N =330) Validation dataset (N = 259)
All patients Short-term Intermediate-term Long-term P-value for Al patients Short-term Intermediate-term Long-term P-value for
N=330 (100%)  survival <25 mo survival survival trend N =259 survival <25 mo survival survival trend
N =259 (78%) 25-42 mo >42 mo (100%) N=183 (71%) 25-42 mo >42 mo
N =40 (12%) N =31 (9%) N =44 (17%) N =32 (12%)
DMFI, n (%) <.001°¢ <.001°
<60 mo 262 (79) 216 (83) 30 (75) 16 (52) 195 (75) 150 (82) 27 (61) 18 (56)
>60 mo 68 (21) 43 (17) 10 (25) 15 (48) 63 (24) 32 (17) 17 (39) 14 (44)
Unknown 0(0) 0(0) 0(0) 0(0) 1(0) 1(1) 0(0) 0(0)
DMFI, n (%) .012° <.001°
<69 mo 268 (81) 217 (84) 32 (80) 19 (61) 204 (79) 156 (85) 29 (66) 19 (59)
>69 mo 62 (19) 42 (16) 8 (20) 12 (39) 55 (21) 26 (14) 15 (34) 13 (41)
Unknown 0 (0) 0(0) 0(0) 0(0) 1 (0) 1(1) 0(0) 0 (0)
Symptoms from metastases, <.001° .007°
n (%)
No 212 (64) 147 (57) 35 (88) 30 (97) 160 (62) 104 (57) 31 (70) 25 (78)
Yes 111 (34) 106 (41) 4 (10) 1(3) 92 (36) 74 (40) 12 (27) 6 (19)
Unknown 7(2) 6 (2) 1(3) 0(0) 7 (3) 5 (3) 1(2) 1(3)
ECOG performance status, <.001°¢ .011¢
n (%)
0-1 221 (67) 154 (59) 37 (93) 30 (97) 160 (62) 104 (57) 31 (70) 25 (78)
2 39 (12) 37 (14) 2 (5) 0(0) 90 (35) 72 (39) 12 (27) 6 (19)
3-4 64 (19) 63 (24) 0(0) 1(3) 2 (1) 2(1) 0(0) 0 (0)
Unknown 6 (2) 5 (2) 1(3) 0(0) 7 (3) 5 (3) 1(2) 1(3)
AP level, n (%) <.001° A7°
<1.0 x UNL 179 (54) 129 (50) 25 (63) 25 (81) 96 (37) 63 (34) 17 (39) 16 (50)
1.0-2.0 x UNL 52 (16) 45 (17) 5 (13) 2 (6) 7 (3) 6 (3) 1(2) 0(0)
>2.0 x UNL 64 (19) 64 (27) 0(0) 0(0) 5 (2) 4(2) 1(2) 0 (0)
Unknown 35 (11) 21 (8) 10 (25) 4(13) 151 (58) 110 (60) 25 (57) 16 (50)
LD level, n (%) <.001°¢ .001°
<1.0 x UNL 86 (26) 57 (22) 14 (35) 15 (48) 91 (35) 52 (28) 21 (48) 18 (56)
1.0-2.0 x UNL 75 (23) 62 (24) 9 (23) 4(13) 33 (13) 26 (14) 5 (11) 2 (6)
>2.0 x UNL 48 (15) 47 (18) 1(3) 0(0) 14 (5) 13 (7) 1(2) 0 (0)
Unknown 121 (37) 93 (36) 16 (40) 12 (39) 121 (47) 92 (50) 17 (39) 12 (38)
LDLM, median (IQR, range), 30, 35, 24, 20, <.001° 28, 30, 25, 20, <.001°
mm (20-55), (20-60), (16-34), (16-27), (17—45), (20-53), (13-43), (15-27),
(2-270) (7-270) (2-112) (2-84) (8-150) (8-150) (8-60) (9-47)

(continued on next page)
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Variable Building dataset (N =330) Validation dataset (N =259)
All patients Short-term Intermediate-term Long-term P-value for All patients Short-term Intermediate-term Long-term P-value for
N =330 (100%)  survival <25 mo survival survival trend N =259 survival <25 mo survival survival trend
N =259 (78%) 25-42 mo >42 mo (100%) N =183 (71%) 25-42 mo >42 mo
N =40 (12%) N =231 (9%) N =44 (17%) N =32 (12%)

TNM M-category, n (%) <.001¢ <.001¢
M1a (<30 mm) 158 (48) 106 (41) 27 (68) 25 (81) 86 (33) 49 (27) 18 (41) 19 (59)
M1b (30-80 mm) 102 (31) 89 (34) 9 (23) 4 (13) 46 (18) 3 (20) 9 (20) 1(3)
M1c (>80 mm) 40 (12) 37 (14) 2(5) 1(3) 11 (4) 11 (6) 0(0) 0(0)
Unknown 30 (9) 27 (10) 2 (5) 1(3) 116 (45) 87 (48) 17 (39) 12 (38)
Limited to the liver, n (%) 920 730
No 102 (31) 81 (31) 11 (28) 10 (32) 53 (20) 37 (20) 9 (20) 7 (22)
Yes 228 (69) 178 (69) 29 (73) 21 (68) 122 (47) 82 (45) 22 (50) 18 (56)
Unknown 0(0) 0(0) 0(0) 0(0) 84 (32) 64 (35) 13 (30) 7 (22)
1%t line treatment, n (%) .023° .22°
BSC 107 (32) 97 (37) 6 (15) 4 (13) 9 (3) 9 (5) 0(0) 0 (0)
Surgery 20 (6) 10 (4) 3(8) 7 (23) 17 (7) 6 (3) 5 (11) 6 (19)
Other active 203 (62) 152 (59) 31 (78) 20 (65) 145 (56) 102 (56) 25 (57) 18 (56)
Unknown 0 (0) 0 (0) 0 (0) 0 (0) 88 (34) 66 (36) 14 (32) 8 (25)
Lines of treatment, n (%) <.001°¢ .10°¢
1 204 (62) 182 (70) 10 (25) 12 (39) 33 (13) 21 (11) 6 (14) 6 (19)
2 60 (18) 45 (17) 7 (18) 8 (26) 67 (26) 51 (28) 9 (20) 7 (22)
>3 66 (20) 32 (12) 23 (58) 11 (35) 49 (19) 24 (13) 15 (34) 10 (31)
Unknown 0(0) 0(0) 0(0) 0(0) 110 (42) 87 (48) 14 (32) 9 (28)

AP = alkaline phosphatase; BSC = best supportive care; DMFI = distant metastasis-free interval; ECOG = Eastern Cooperative Oncology Group; IQR = interquartile range; LD = lactate dehy-
drogenase; LDLM = largest diameter of the largest metastasis; mo = months; N/A = not applicable; TNM = tumor, node, metastasis; UNL = upper normal limit; y = years.

2Binomial test, p=.49 in both datasets. The expected gender ratios were retrieved from.*®

bNonparametric test for trend

¢Jonckheere—Terpstra test

9dCategorized as applied in Mariani and associates.”

eCategorized as applied in Eskelin and associates.?”

fCategorized by assumed genetic changes as in Yavuzyigitoglu and associates.'®

€707 AIvVN¥gi]



80
median 12 mo

60+

40

Overall survival (%)

20

==

0

T T T T T T T T T T T T

T T
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168

Time from diagnosis of metastases (months)
Number at risk
330161 78 42 25 15 12 6 4 4 4 4 3 3 1

80

median 17 mo

o
o
1

Overall survival (%)
S
o
!

N
o
1

)
T T T T T T T T T T T T T 1

T
0 12 24 36 48 60 72 84 96 108 120 132 144 156 16:
Time from diagnosis of metastases (months)

0

Number at risk
250156 80 42 26 21 1 6 3 2 1 1 1 1 1

B
100
— BT
804 — IMT
S — LT
R :
s median
7 8.2vs 32vs 73 mo
T 401
[0}
>
© 20
0

T T T T T T T T T T T T T 1
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Time from diagnosis of metastases (months)
Number at risk

ST2599 7 0 0 0 0 0 0 0 0 O O O O
IMT 40 40 401 0 0 0 0O O O O O O O O
LT 31 31 31 31251512 6 4 4 4 4 3 3 1
D
100
=Sl
~ 804 — IMT
g — LT
§ 60
2z median
2 11 vs 32 vs 69 mo
= 401
]
3
20
0

T T T T T T T T T T T T T 1
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
Time from diagnosis of metastases (months)

Number at risk

ST18380 4 0 0 0 0O O O O
IMT 44 44 44 10 0 0 0 O O O
LT 32 32 32 32 26 21 11 6 3 2

- 00O
- 00
- 00O
-~ 00
- 0O

FIGURE 1. Kaplan-Meier estimates of overall survival (OS) for patients with newly diagnosed metastatic choroidal and ciliary
body melanoma. A. OS for the entire model building cohort. B. OS for the short-term (ST), intermediate term (IMT; conditional to
surviving >25 months), and long-term (LT; conditional to surviving >42 months) survival cohorts. C. OS for the entire validation
cohort. D. OS for the 3 subcohorts. Median OS is given. Shaded areas indicate 95% confidence intervals and ticks show censored

observations.

cohorts (4% vs 8% vs 23%, respectively) underwent sur-
gical first-line treatment of metastases. Six (15%) and 4
(13%) patients in the IMT and LT cohorts received only
BSC. In the LT cohort, 11 (35%) patients received >3 lines
of treatment, and a median of 1, 3, and 2 lines were admin-
istered in the ST, IMT, and LT cohorts, respectively.

Validation dataset

The median OS after metastasis of the 259 patients
(Table 1) was 17 months (range 0.7-173 months; Figure 1,
C), and 183 (71%), 44 (17%), and 32 (12%) patients fell
into the ST, IMT, and LT cohorts, respectively (Figure 1,
D). In 3 patients, metastases were diagnosed before the pri-
mary CCBM (range 5-22 days); all of them were in the ST
cohort. Thirty-two patients were alive with metastases, 8
and 6 of them in the LT cohort, of which they formed 18%
and 19%, respectively.
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Like in the building dataset, the age at diagnosis of the
primary CCBM (median 63 vs 60 vs 54 years; P = .001 non-
parametric test for trend) and its metastases (median 66 vs
64 vs 58 years, P = .018) decreased and the DMFI corre-
spondingly increased (median 26 vs 43 vs 50 months, P <
.001) by OS cohort (Table 1). No IMT or LT cohort sur-
vivor represented TNM stage IIIC, but 1 survivor in the
IMT cohort had stage IV disease. However, 35% of the pa-
tients had not been staged.

The percentage of asymptomatic patients likewise in-
creased by OS cohort from 57% to 78% (P = .007 non-
parametric test for trend), but 12 (27%) and 6 (19%) pa-
tients in the IMT and LT cohorts, respectively, represented
PS 2 (P = .011 across all categories, nonparametric test for
trend; Table 1). Also identical with the building dataset,
neither AP nor LD level exceeded 2.0 times the UNL in
the LT cohort, but both did so in 1 (2%) patient in the
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TABLE 2. Bivariable ordinal logistic regression of overall survival in newly diagnosed metastatic
choroidal and ciliary body melanoma in a listwise deleted model building dataset.

Final ordinal bivariable logistic regression over short-, intermediate-, and long-term overall survival
cohorts (<25, 25—<42, and >42 months, respectively), restricted to 226 patients with complete data
for all variables included in all three models and conditional to the serum and plasma alkaline
phosphatase and lactate dehydrogenase levels being <2 x upper normal limit. P values <.10 are
highlighted in bold.

N

Variable Odds ratio Standard Error X P value 95% confidence interval
Bivariable analysis
Model 1: -2 log likelihood = 168.84; LR chi2(4) =29.22; n=226
DMFI, tertiles
<19 mo Reference
>19—-<42 mo 1.59 0.65 132 .25 0.72-3.52
>42 mo 4.64 1.76 165 <.001 2.21-9.74
Age at diagnosis of metastases, tertiles
>72y Reference
>60- <72y 1.66 0.61 193 .17 0.81-3.42
<60y 3.23 1.20 10.0 .002 1.57-6.68
Model 2: - 2 log likelihood = 168.78; LR chi2(3) =29.34; n=226
DMFI, tertiles
<19 mo Reference
>19—-<42 mo 1.46 0.59 0.90 .35 0.66-3.23
>42 mo 4.09 154 140 <.001 1.96-8.54
Symptoms from metastases
Yes Reference
No 4.19 212 8.00 .005 1.55-11.3
Model 3: -2 log likelihood = 168.06; LR chi2(3) = 30.77; n=226
DMFI, tertiles
<19 mo Reference
>19-<42 mo 1.61 0.65 137 24 0.73-3.56
>42 mo 4.29 162 149 <.001 2.05-8.99
TNM M1-category
M1b—c Reference
M1ia 3.05 104 10.8 .001 1.57-5.95
Univariable analysis; for comparison
Model 4: -2 log likelihood = 173.95; LR chi2(2) = 19.00; n=226
DMFI, tertiles
<19 mo Reference
>19-<42 mo 1.49 .59 1.02 .31 0.69-3.26
>42 mo 4.37 162 158 <.001 2.11-9.03

IMT cohort, and the levels were unknown for 50% and
38% of patients, respectively. The median LDLM also de-
creased with increasing OS (30 vs 25 vs 20 mm, P < .001,
Jonckheere-Terpstra test), and no patients in the IMT and
LT cohorts had a metastasis >80 mm (M1c; P < .001 across
all 3 M1 categories, Jonckheere-Terpstra test); LDLM was
not recorded in 45% of patients.

The percentage of patients with only hepatic metas-
tases was comparable by OS cohort (45% vs 50% vs 56%,
P = .73; unknown for 32% overall). A larger percentage
of patients in the LT cohort was managed with first-line
surgery (3% vs 11% vs 19%; not recorded for 34% of pa-
tients) and none received only BSC. The median number
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of treatment lines was 2 in each cohort, but unknown for
42% of patients.

o PREDICTORS OF LT SURVIVAL: Characteristics that pre-
cluded inclusion in the LT cohort in the building and vali-
dation datasets were AP or LD level >2.0 times the UNL.
Consequently, we modeled LT OS after metastasis con-
ditional to not being in these subgroups. Because no pa-
tients in the validation dataset had a M1c metastasis, we di-
chotomized to M1a vs. M1b-c. For similar reasons, PS was
dichotomized to 3-4 vs 0-2. We did not consider lines of
treatment as an explanatory variable because it depends on
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TABLE 3. Bivariable ordinal logistic regression of overall survival in newly diagnosed metastatic
choroidal and ciliary body melanoma in the full model validation dataset.

Final ordinal bivariable logistic regression models over short-, intermediate-, and long-term overall
survival cohorts (<25, 25—<42, and >42 months, respectively), conditional to the serum and plasma
alkaline phosphatase and lactate dehydrogenase levels being <2 x upper normal limit. P values <.10

are highlighted in bold.

Variable Odds ratio Standard Error %2 P value 95% confidence interval
Bivariable analysis
Model 1: -2 log likelihood = 189.16; LR chi2(4) =20.14; n=234
DMFI, tertiles
<19 mo Reference
>19-<42 mo 1.06 0.41 0.02 .89 0.49-2.25
>42 mo 2.94 1.00 10.0 .002 1.51-5.74
Age at diagnosis of metastases, tertiles
>72y Reference
>60- <72y 1.04 0.39 0.01 .92 0.50-2.19
<60y 2.18 0.83 424 .040 1.04—4.60
Model 2: - 2 log likelihood = 183.87; LR chi2(3) = 19.55; n=241
DMFI, tertiles
<19 mo Reference
>19—<42 mo 1.28 0.50 0.41 .52 0.60-2.76
>42 mo 3.28 1.14 1.7 .001 1.66-6.49
Symptoms from metastases
Yes Reference
No 2.08 0.68 5.02 .025 1.10-3.93
Model 3: -2 log likelihood = 104.65; LR chi2(3) = 17.64; n=127
DMFI, tertiles
<19 mo Reference
>19-<42 mo 1.64 0.84 092 .34 0.60—4.48
>42 mo 3.31 1.52 6.76  .009 1.34-8.15
TNM M1-category
M1b-c Reference
Mia 4.29 1.96 10.1 .001 1.75-10.50

DMFI = distant metastasis-free interval; mo = months; TNM = tumor, node, metastasis; y = years.

the length of survival and is not known when treatment
begins.

Univariable analysis

Considering the 3 pairwise comparisons (ST vs LT, IMT vs
LT, and ST-to-IMT vs LT) both from Firth LR and from
LR conditional to AP and LD being <2 times the UNL,
and the similarly conditional ordinal LR, only DMFI con-
sistently predicted LT survival in all of them (OR 1.06-
1.09 for each 6-month increase; P < .001-.018; Supplemen-
tal Tables 1-3). When divided in tertiles (<19 vs 19-<42
vs >42 months), the second tertile (ORs 3.03, 4.04, and
3.14, P = .091-.14 Firth LR) and the third tertile (ORs
11.3, 9.62, and 11.0, P < .001-.003 Firth LR) estimates
remained consistent in all 3 binary analyses (Supplemen-
tal Tables 1 and 2). As mentioned, we also considered 4
previously applied cutpoints to categorize DMFL "> Our
analysis supported dichotomizing at 42 months (OR 6.70-
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9.23, P < .001-.004 in the 6 pairwise comparisons), which
serendipitously coincided with the third tertile, compared
with a DMFI cutpoint at 60 or 69 months (OR 2.45-4.68).
We could not properly evaluate published cutpoints earlier
than 24 months, because only 3 patients in the LT cohort
had a shorter DMFI than 3 months.

In all pairwise regressions except for IMT vs LT, and also
in ordinal LR, 4 additional variables were associated with
LT survival and were considered robust predictors (Supple-
mental Tables 1-3): age at diagnosis of metastases, whether
modeled as a continuous variable or divided in tertiles (IMT
vs LT, OR 1.20-1.80, P = .30-.40; other pairwise compar-
isons, OR 1.36-4.06, P = .006-.093; ordinal, OR 1.42-2.99,
P =.001-.069), absence of symptoms from metastases (IMT
vs LT, OR 2.58-3.43, P = .28-.33; other pairwise com-
parisons, OR 9.87-14.7, P = .001-.026; ordinal, OR 5.20,
P = .001), normal LD level (IMT vs LT, OR 2.41-2.49,
P = .17-.21; other pairwise comparisons, OR 3.43-6.68,
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TABLE 4. Bivariable ordinal logistic regression of overall survival in newly diagnosed metastatic
choroidal and ciliary body melanoma in a listwise deleted model validation dataset.

Final ordinal bivariable logistic regression models over short-, intermediate-, and long-term overall
survival cohorts (<25, 25—<42, and >42 months, respectively), restricted to 125 patients with
complete data for all variables included in all three models and conditional to serum and plasma
alkaline phosphatase and lactate dehydrogenase levels being <2 x upper normal limit. P values <.10

are highlighted in bold.

Variable

Odds ratio

N

Standard Error X P value 95% confidence interval

Bivariable analysis

Model 1: -2 log likelihood = 106.48; LR chi2(4) =9.38; n=125

0.81 0.79 .38 0.58-4.34
1.60 713 .008 1.39-8.54
0.34 0.58 .45 0.26-1.83
0.62 0.18 .67 0.46-3.31

0.83 0.92 .34 0.60-4.44
1.55 708 .008 1.38-8.32
0.87 262 .M 0.86-4.69

DMFI, tertiles
<19 mo Reference
>19-<42 mo 1.58
>42 mo 3.45
Age at diagnosis of metastases, tertiles
>72y Reference
>60—- <72y 0.68
<60y 124
Model 2: — 2 log likelihood = 106.09; LR chi2(3) =10.17; n=125
DMFI, tertiles
<19 mo Reference
>19-<42 mo 1.63
>42 mo 3.39
Symptoms from metastases
Yes Reference
No 2.01
Model 3: -2 log likelihood = 102.17; LR chi2(3) = 18.01; n=125
DMFI, tertiles
<19 mo Reference
>19—<42 mo 1.83
>42 mo 3.80
TNM M1-category
M1b—c Reference
M1ia 4.05

0.96 135 .25 0.66-5.09
1.79 8.01 .005 1.51-9.55
1.86 9.24 .002 1.64-9.97

DMFI = distant metastasis-free interval; mo = months; TNM = tumor, node, metastasis; y = years.

P = .001-.036; ordinal, OR 2.30, P = .028), and LDLM
either modeled as a continuous variable (IMT vs LT, OR
1.04-1.07, P = .55-.75; other pairwise comparisons, OR
1.33-1.41, P < .004-.033; ordinal, OR 1.30, P = .001) or
dichotomized according to TNM M1la vs M1b-c (IMT vs
LT, OR 1.85-1.94, P = .26-.32; other pairwise comparisons,
OR 3.76-5.51, P < .004-.009; ordinal, OR 3.09, P = .001).

Bivariable analysis

We next built ordinal LR models in which our most robust
predictor, DMFI, modeled in tertiles and alternatively as di-
chotomized to <42 vs >42 months, was paired with the ad-
ditional 4 variables considered robust based on our univari-
able regressions (Supplemental Table 4). Any one of the
latter independently predicted higher odds of being more
likely to survive longer (IMT or LT): age <60 years (OR
3.33 and 3.60, P = .001 and < .001, respectively), no symp-
toms from metastases (OR 4.82 and 4.97, P =.002 and .001,

268 AMERICAN JOURNAL OF OPHTHALMOLOGY

respectively), normal LD level (OR 2.76 and 2.25, P =.012
and < .036, respectively), and TNM Mla (OR 2.94 and
3.25; P =.001 and < .001, respectively). In all these mod-
els, DMFI >42 months remained a robust predictor of be-
ing more likely to survive longer especially when modeled
in tertiles (OR 3.90-5.12, P < .001) compared with the di-
chotomized model (OR 2.55-3.20, P < .001-.014).

None of these 3 models, limited listwise to patients
who had DMFI and the 3 additional variables available
(Table 2), was preferred to the other 2 (difference in —2
log likelihood 0.06 and 0.78, P = .94, and .46, deviance test,
model 1 vs 2 and model 1 vs 3, respectively, df = 2), whereas
each of them should be preferred to the simpler model with
DMEFI only (difference in —2 log likelihood 11.7-10.22, P
< .003-.017).

e MODEL VALIDATION: DMFI >42 months (OR 2.94-
3.31, P = .001-.009) in all 3 final bivariable models based
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on the building dataset predicted higher odds of being more
likely to survive longer (IMT or LT) independently with
age <60 years (OR 2.18; P = .040), experiencing no symp-
toms from metastases (OR 2.08; P = .025), and TNM
Mla (OR 4.29; P = .001) also in the validation dataset
(Table 3). When limited only to patients who had DMFI
and the 3 additional variables available (Table 4), the
model with TNM M1la (OR 4.05; P = .002) retained its
relevance better than the other 2 models (difference in —2
log likelihood 4.31, and 3.92, P = .013 and .005, model 1 vs
3 and model 2 vs 3, respectively, df = 2, and 1, respectively).

DISCUSSION

None of the patients with metastatic uveal melanoma who
survived LT (>42 months) had a serum or plasma AP or LD
>2.0 times the UNL in either our building or validation
dataset. A level exceeding >2.0 times the UNL thus ap-
pears to predict a very small likelihood of LT survival. Our
comprehensive study was based on retrospective data like
previous analyses (Supplemental Table 5) but differed in
being nationwide in Finland. Even in the IMT cohort (25-
<42 months), only in 1 patient in the validation dataset
and O patients in the building dataset did AP or LD exceed
2 times the UNL. We presume, however, that in the long
run this rule is unlikely to hold true in every patient and, in-
deed, 11% and 37% of patients in the building and 58% and
47% of patients in the validation dataset did not have their
AP or LD level recorded, respectively. Nevertheless, AP or
LD >2 times the UNL seems to make LT survival unlikely
and even IMT survival rare. The ensuing perfect separation
forced us to model other determinants conditional to AP
and LD being <2 times the UNL, and to analyze AP and
LD only as being either normal or exceeding their UNL.

DMEFI was in our building dataset the most robust pre-
dictor of IMT and LT survival, being the only one that was
significant in every pairwise and ordinal regression strategy,
and the only one that was able to predict IMT vs LT sur-
vival. Moreover, it returned a meaningfully large OR esti-
mate in all pairwise cohort comparisons. This also held true
when we applied nonconditional Firth LR that can lessen
bias in small imbalanced datasets: OR was 3.03-4.04 when
DMEFI was 19-<42 months compared with <19 months,
and 9.62-11.0 when DMFI was >42 months. DMFI is in-
cluded in 2 nomograms that are available for staging of
newly diagnosed metastatic uveal melanoma.* 4?0

It is intriguing to compare age at diagnosis of the pri-
mary CCBM and its metastases, DMFI, and the OS after
metastasis. In the LT cohort, the intervals from the pri-
mary tumor, at a relatively young age (median 55 years),
to metastasis (median 54 months; at the median age 62
years) and from metastasis to death (>42 months, by defini-
tion) are both the longest, suggesting an early-onset, slowly
growing tumor over time. This could be because of favor-
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able tumor genetics and biology, maintained in the metas-
tases, more vigorous host defenses in younger patients, or
both. Indeed, SF3BI pathogenic variants have been found
in relatively younger patients’’ and they have been asso-
ciated with longer DMFI and slower growing metastases.’”
In the ST cohort, age both at diagnosis of the primary tu-
mor (median 66 years) and metastases (median 69 years)
is the oldest and both DMFI (median 25 months) and sur-
vival are the shortest (<25 months, by definition), in effect
a late-onset, rapidly progressing tumor, suggesting BAPI
pathogenic variants.’”

The IMT cohort does not suggest an equally simple hy-
pothesis. The age at diagnosis of the primary is intermedi-
ate (median 59 years) but at the time of metastasis (me-
dian age 63 years) comparable to that in the LT cohort, and
despite the DMFI (median 27 months) being instead com-
parable to that in the ST cohort, the patients still survive
longer (25-<42 months, by definition). One possibility is
that the primary CCBM in the IMT cohort could, at least
in part, correspond to a subset of recently identified SF3BI-
mutated tumors that have a shorter than average DMFI and
are larger than average.”’ A later diagnosis of the primary
and, therefore, a relatively larger tumor with an apparently
shorter subsequent DMFI, but a similar age than in the LT
cohort when metastases are diagnosed, combined with rel-
atively slowly progressing metastases and relatively longer
OS because the driver gene is SF3BI could explain our ob-
servations in the IMT cohort. Of course, other molecular
genetic differences could also underlie these observations.*’

We believe that our results support the hypothesis that a
long DMFI could reflect SF3BI driver mutations,'” but they
also support the observation that a shorter DMFI would not
necessarily exclude one.”” This could explain why DMFI
dichotomized at 60 or 69 months did not provide a work-
ing surrogate for driver genes in LT survivors.”’ It should
also be appreciated that DMFI is influenced by lead time
bias (smaller primary tumors can be serendipitously diag-
nosed early) and by surveillance strategy (earlier detection
of metastases) irrespectively of the underlying driver mu-
tation,>% 1116203435 and that not only SF3B1 but also
EIF1AX pathogenic variants lead to less frequent, later
metastases from uveal melanoma.'”*?!>>~?¢ Finally, we were
intrigued by the observation that in all 3 cohorts the me-
dian age at death converged to within 4 years of each other.

DMFI paired with 4 additional variables with approx-
imately equally large ORs—age at the time of metasta-
sis <60 years (OR 3.23), no symptoms from metastases
(OR 4.19), TNM MIla equal to LMLD <30 mm (OR
3.05), and normal serum or plasma LD level (OR 2.94)—
independently predicted higher odds of being more likely
to survive longer (IMT or LT—both of which might re-
flect presence of SF3BI driver mutation as reasoned above).
The first 3 bivariable models fitted the data equally well,
but we had incomplete information regarding LD and could
not test the fourth model. Moreover, our dataset did not
have enough IMT and LT survivors to proceed to trivari-
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able modeling. Age is quite likely another surrogate for
SF3BI1 pathogenic variants as they occur in younger pa-
tients.’! The other 3 predictors are obviously interrelated:
smaller metastases are less likely to elevate LD and to cause
symptoms. Of them, LDLM likely most directly reflects the
metastatic process, although it might also in part be yet an-
other surrogate for more favorable driver mutations. LDLM
or an equivalent criterion for the extent of metastases is al-
ready in some form part of all staging systems for newly di-
agnosed uveal melanoma.* 120,36

The 3 final models also predicted LT survival in the
external validation dataset, in which the percentage of
IMT (12% and 17%) and LT (9% vs 12%) survivors also
were comparable. The datasets also differed somewhat from
one another, however, because the validation set was more
referral-based than population-based. Thus, no patients in
the validation set were managed with BSC compared with
32% in the building dataset—a percentage that is com-
parable to other nationwide series’’—whereas surgery was
more often offered for metastases. This was reflected in
the longer than average median OS of 17 months in the
validation dataset compared with comprehensive meta-
analyses.”>? It is reassuring that our model also fitted data
that reflected the experience in a single center, because
this suggests wider applicability. On the other hand, the
national building dataset allowed some interesting observa-
tions, such that LT survival was compatible with metastases
at the time of diagnosis of the primary CCBM in 2 patients
as well as with receiving no active cancer treatment in
4 patients.

Our results confirm several observations made in a recent
single-center analysis of a series of 99 Spanish patients of
whom 8 (8%) survived >42 months.® Multivariable logis-
tic regression identified age <65 years (OR 5.14), normal
LD (OR 4.38), and a smaller LDLM (OR 1.04 for each 1-
mm decrease) as predictors of LT survival, defined as OS
>12 months (Supplemental Table 5). The notable excep-
tion was that DMFI did not enter their multivariable model.
The reason for this may be the different cutpoint used for
LT survival (12 months), which is the median OS in com-
prehensive meta-analyses.”’ Indeed, DMFI was not an in-
dependent significant predictor of OS in a general multi-
variable analysis of our national dataset either.>” Age <60
years was also associated with survival in 1 study in which
an unusually large percentage, 22% of patients, were alive
at 4 years.'® PS, which is included in all 3 staging systems for
newly diagnosed metastatic uveal melanoma, did not quite
fulfill our criterion for robustness.*'*?%:% It also did not en-
ter the multivariable model in the Spanish series,® despite
a univariable OR of 2.94, and was not significant in a Ger-
man multicenter study.'” On the other hand, our analysis
provided no evidence that sex would be associated with LT
survival.'” Interestingly, the TNM stages of the primary tu-
mors in our 3 OS cohorts also were comparable.

No LFT is a sensitive criterion for early detection
of metastases during surveillance of patients with uveal

270 AMERICAN JOURNAL OF OPHTHALMOLOGY

melanoma—their sensitivity ranges from 7%-19%°%""—
but they tend to become abnormal soon when metastatic
burden has reached a sufficiently advanced stage.’®*° Ele-
vated AP and LD can derive from other causes than metas-
tases, especially from bone disorder, muscle injury, and liver
disease.*! The 2 former ones were not observed, and al-
though a few patients had preexisting liver disease, the LFT
levels typically increased further upon metastasis. The fact
that in both our building and validation dataset, LD and
AP >2.0 times the UNL never occurred in LT survivors
suggests that irrespective of other characteristics, metas-
tases are then too far advanced to allow LT survival. This
could be either because the primary tumor had an unfa-
vorable driver mutation (the ST cohort) or because the
tumor has progressed after metastasis to acquire a BAPI
pathogenic variant and loss of heterozygosity, or other ad-
ditional driver mutations to allow faster growth, perhaps in
only some of the metastases (the IMT and LT cohorts).”*+*
LD is an independent prognostic variable even in patients
with metastatic cutaneous melanoma that far less frequently
affects the liver.” LD is part of 2 of the 3 staging tools for
metastatic uveal melanoma,*!'%2° and AP is included in
the third tool.””’® Recently, elevated LD was identified as
a prognostic factor for LT survival in a German multicenter
study, defined as OS >24 months.'?

The limitations of our study include its small size espe-
cially regarding the cohorts of IMT and LT survivors, limit-
ing our possibilities of categorizing and analyzing some in-
teresting variables or proceeding beyond bivariable analy-
sis. Moreover, the definition of LT survival is not universally
defined.** Although our patients had progressive metastatic
disease, resulting typically in hepatomegaly, wasting, jaun-
dice, and other signs of advanced malignant disease, it
is reasonable to presume that any chronic diseases, when
present, may have to some extent contributed to the speed
of their demise. We were unable to model this effect, which
interacts with sex and age, in our retrospective setting. The
most important limitation is that we did not have genetic
data on the metastases. The genetic landscape of metastatic
uveal melanoma is still incompletely defined, but consis-
tent with primary uveal melanoma, the mutational burden
of metastases can be low—a median of 2 driver mutations
may be observed.”’ Genetic profiling of not only the pri-
mary tumor but also of its metastases is likely to become
a powerful prognostic and predictive biomarker to be im-
plemented in staging systems and treatment planning for
metastatic uveal melanoma.* A further reason is that ge-
netic analysis of metastases can reveal not only prognostic
but also predictive markers.*’ Strong aspects of our study
are that the building dataset was comprehensive, nation-
wide, and unselected, 97% of patients adhered to a standard
surveillance program, and the results were verified using an
external independent dataset.

Paying attention to the validated determinants of LT sur-
vival in clinical practice has potential to improve counsel-
ing of patients with newly diagnosed metastases from uveal
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melanoma, guided by our OR estimates. The validated pre-
dictors also facilitate preventing overestimation of survival
outcomes in nonrandomized trials by helping identify the
patients whose baseline characteristics already predict LT

survival. International and collaborative biobanking on a
large scale would be highly desirable to facilitate research in
genetic alterations of prognostic importance in metastatic
uveal melanoma.
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