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Abstract

Objectives

To determine survival outcomes following enucleation for uveal melanoma. To compare
these outcomes with the 8™ edition AJCC classification and determine the influence of
cytogenetics, using Fluorescent in situ Hybridisation (FISH), on survival. To determine
whether failure to gain sufficient sample for cytogenetics using Fine Needle Aspiration

Biopsy (FNAB) correlates with survival.

Subjects/Methods
All patients undergoing primary enucleation for uveal melanoma at Moorfields Eye Hospital
between 2012 and 2015 were included. Clinical, pathological, cytological and survival data

were analysed for all patients.

Results

155 subjects were included. Mean age at enucleation was 65.9 years (SD 14.13). 88 (56.8%)
patients died at a mean of 3(SD 1.9) years following enucleation. Of these, 52 (33.5%) died
from metastatic melanoma, 16 (10.3%) from other causes and 20 (12.9%) causes of death
were unknown. Cumulative incidence analysis demonstrated AJCC grade, chromosome 8q
gain and monosomy 3 all predict metastatic mortality. The greatest 5-year mortality rate
(62%, SD10.1%) was in those with both chromosome abnormalities and AJCC stage III
(Stage 1V patients excluded due to low numbers). Largest basal diameter and chromosome
status, both independently (p=0.02 and p<0.001) predicted metastatic mortality on
multivariable regression analysis. Those who had an insufficient sample of cells gained

during FNAB (n=16) had no different prognosis.
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Conclusions

This study confirms, in this population, the poor survival of patients enucleated for uveal
melanomas. It confirms the prognostic utility of adding AJCC grade to cytogenetic
information. It demonstrates that lack of sample in patients undergoing FNAB is not related

to prognosis.
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Introduction

Uveal melanoma is a relatively rare tumour occurring in 6 per million people per year in
England'. Metastases develop in almost 50% of patients?, usually to the liver. The efficacy of
current treatments for metastatic uveal melanoma are limited and mortality within the first

year is common?,

Factors predictive of metastasis are multiple and have been described at length previously?.
They include: anatomical factors, such as tumour size, extraocular extension and ciliary body
involvement; histopathological factors such as the presence of epithelioid cells, closed
connective tissue loops and high mitotic count; and genetic aberrations, such as chromosome-
3 loss, chromosome 8q gain, BAP! loss of function mutations and a class 2 gene expression

profile.

Patients find it helpful to be given an idea of their life expectancy at the time of diagnosis®.
Prognostication may enable some practitioners to adjust the intensity of surveillance for
metastasis according to each patient's estimated mortality. The standard prognostic tool is the
American Joint Committee on Cancer (AJCC) Tumour Node Metastasis (TNM)
classification®. This is now in its eighth edition and has been validated and modified from a
series of over 7000 uveal melanoma patients provided by the European Ophthalmic

Oncology Group®.

A limitation of the AJCC classification is that it uses only anatomic predictors, without taking
into account genetic and histopathological risk factors. Several studies suggest including
these laboratory findings, particularly cytogenetic information, can improve the accuracy of

prognostication.”"!°, The Liverpool Uveal Melanoma Prognosticator Online (LUMPO), now
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in its third iteration, combines anatomic findings with genetic and histopathologic data. An
international validation study of LUMPO has validated the use of this prognostic tool in

uveal melanoma with data from seven international ocular oncology centres!!.

Moorfields Eye Hospital is one of four Ocular Oncology centres in the UK receiving referrals
from a large population in the South of England. Since 2012, we have routinely performed
FISH (fluorescence in situ hybridization) cytogenetic analysis on all consenting patients

undergoing primary enucleation for choroidal melanoma.

In this paper, we compare survival outcomes following primary enucleation for choroidal
melanoma with the standard 8" edition AJCC classification based on TNM and determine the
influence of cytogenetic FISH results, and other known prognostic markers on this cohort of
patients. We also sought to investigate whether failure to obtain enough sample for FISH
analysis using fine needle aspiration biopsy (FNAB) indicates a better prognosis as has been
suggested previously.!? In theory, smaller tumours with cohesive spindle cells, indicating

better prognosis, may be less likely to yield sufficient cells for cytogenetic analysis.

Methods

This is a single centre case series study. Subjects were identified from the enucleation
database of the Department of Pathology, University College London Institute of
Ophthalmology. All primary enucleation cases performed by the department between 1%

January 2012 and 31 December 2014 were included.

With prior consent from patients, cells for cytogenetic analysis were gained from enucleation
specimens following eye removal using trans-scleral fine needle aspiration biopsy (FNAB).

FISH analysis was carried out using centromeric and subtelomeric probes for chromosome 3
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(D3S4559, D3Z1, Cytocell Ltd, Cambridge, United Kingdom) and centromeric and MYC
probes for chromosome 8 (D8Z2, MYC, Abbott Molecular Inc., Des Plaines, IL, USA). At
least 100 cells from each enucleation specimen were evaluated when possible, and

abnormalities were reported when more than 10% of cells showed cytogenetic changes.

Clinical records were reviewed for demographic data, including age and sex. Pathology
findings were reviewed for data on tumour size, mitotic count, the presence or absence of
ciliary body involvement (defined as including the pars plana), epithelioid cells, extravascular

matrix loops and extraocular extension.

The United Kingdom National Health Service keeps Summary Care Records for the entire
population (The NHS Digital Spine). These Summary Care Records can be accessed digitally
by registered health professionals. These records were searched on 13" May 2020 to identify
whether patients in this study were alive or dead and the date of death of the deceased. The
General Practitioners (family doctors) of all the deceased patients were contacted to find out
the cause of death. If the General Practitioners were not able to provide us with this

information we attempted to contact next of kins of the deceased patients.

Statistical analysis

For the analysis, the statistical software package R (version 3.6.3) was used (Www.r-
project.org). Participant characteristics were summarised using percentages, means and
standard deviations (SD). Pearson’s chi-squared, Fisher’s exact test and the Kruskal-Wallis

test were performed to evaluate the inter-correlations between baseline characteristics.



130  Missing and non-missing cases were compared using sensitivity analysis to assess the

131  robustness of the missing at random assumption. Schoenfeld’s residuals were plotted against
132 failure time for each covariate to assess the proportional hazards assumption. Violations in
133 the proportional hazard’s assumption were handled via stratification or time dependent

134 covariate methods. To enhance statistical power and ensure stable model estimation, AJCC
135  stages I and IV were discounted from analyses due to low numbers (n=1 and n=7) and also
136  due to relatively low numbers in each subgroup, stages ITA and IIB were grouped to form
137  stage II and stages IIIA, I1IB and IIIC grouped as stage III.

138

139  Cumulative incidence functions (CIFs) were plotted to show the estimated marginal

140  probability of each cause of death post treatment accompanied by the numbers at risk. Gray’s
141  test for equality of CIFs was performed to evaluate statistical significance. Cumulative

142 incidence rates (95% CI) of death due to melanoma were computed at 5 years of follow-up.
143 Largest basal diameter (LBD) and mitotic count were categorised for graphical visualisation;
144  however, when taken forward into the multivariable models these variables remained

145  continuous to increase power and limit loss of information.

146

147  Subdistribution-hazard ratios with 95% CI’s were estimated using the Fine and Gray

148  regression model in both univariate and multivariable analysis!®. For ease of interpretation
149  additional analyses were performed using the Cox regression model. In this model, effect
150  estimates were reported as hazard ratios (HRs) with 95% Cls.

151

152 In the multivariable analyses, a backward stepwise procedure with entry selection criterion
153  set at a nominal p-value of 10% and elimination criterion at 5% were employed to select the

154  final model. Forward-selection was also performed with the same entry and stay criterions
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and models were compared. In both model selection routines, confounders such as age and
gender were forced in regardless of statistical significance, unless either variable had a
negative effect on the model accuracy. The relative effect of incorporating variables into the
model was assessed based on model apparent and bootstrap adjusted C-statistics with 95%
Cls, as well as Akaike information criterion (AIC), allowing a rank order of relative
importance to be produced. Time-dependent Receiver Operating Characteristic (ROC) and
Brier scores were also checked, as per Blanche et a/ 2019'4. Unadjusted p-values are

provided unless indicated otherwise.

This study was approved by the Institutional Review Board at Moorfields Eye Hospital

(CA20/0ONC/606). The study adhered to the tenets of the Declaration of Helsinki.

Results

From 1% January 2012 to 315 December 2014, 159 primary enucleations were performed for
uveal melanoma at Moorfields Eye Hospital. There were four patients excluded from the
analysis because of the lack of either survival data or pathology/cytopathology results,
leaving a total of 155 cases. Table 1 summarises the population characteristics of the cohort.
There were 90/155 (58%) males and 65/155 (42%) females. The average age at enucleation
was 65.9 years (SD 14.13). 88 (56.8%) patients died at a mean of 3 (SD 1.9) years following
enucleation. 52 (33.5%) patients died from metastatic melanoma, 16 (10.3%) from other
causes and 20 (12.9%) causes of death were unknown. The 20 unknown deaths were
excluded from further statistical analysis leaving 135 patients in the final sample for analysis.
Demographic and tumour characteristics of individuals with known and unknown causes of

death were compared and no statistically significant differences were noted (Table S1).
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A total of 29.6% of tumours were graded as AJCC stage IIB and 35% as stage IIIA..
Tumours missing data on genotype were compared to those where the data was not missing,
and no statistically significant differences in demographics or other tumour characteristics

were noted (Table S2).

As shown in table 1, mean age and basal diameter were higher in those who died during the
follow-up period (p<0.001). There was a higher proportion of patients with tumours showing
both monosomy 3 (M3) and chromosome 8q gain who died during the study period (p=0.005
and p=0.002; chi-squared test). Table 2 shows the p-values for the correlations between all
tumour characteristics at baseline together with the statistical tests performed to investigate
these correlations. AJCC stage and presence of M3 and 8q gain, had a significant association
(p=0.025). AJCC stage and presence of just M3 had a trend towards significance (p=0.057),
whereas there was little to no association with presence of just chromosome 8q gain
(p=0.209). There was strong evidence for an association between M3 and chromosome 8q

gain (p<0.001).

Cumulative Incidence Analysis

Cumulative incidence curves are shown in figure 1. These demonstrate graphically the
prognostic risk factors that statistically significantly predict metastatic mortality (AJCC
grade, chromosome 8q gain, monosomy 3, tumour diameter, ciliary body involvement and
mitotic rate). For example, figures 1B-D show the cumulative incidence curves by presence
or absence of chromosome 8q gain and/or monosomy 3 (M3). The presence of 8q gain or M3
is associated with a higher overall incidence in melanoma related death (p=0.001; p=0.002
for chromosome 8q gain and M3 respectively). Taking the respective categories of no M3 or

gains in 8q, and both gains in 8q and M3, the incidence of death from melanoma is highest in
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those who have both aberrations (p<0.001;figure 2D). Table S3 presents the cumulative
incidence curve results numerically. The table shows that those with the highest 5-year
mortality rate (62% SD; 10.1%) are those with both chromosome abnormalities and AJCC

stage III.

Cumulative rates of melanoma-related deaths for AJCC stage Il and III patients are shown in
figures 2a and 2b respectively. These figures, for comparison, have superimposed the
cumulative incidence curves from the European Ophthalmic Oncology group’s 2013 study of
7369 patients, the data of which was used to create the 7" edition of the AJCC®. To illustrate
how adding information about chromosome status to the AJCC data enhances prognostic

ability, curves for monosomy 3 and 8q gain patients are also shown.

Shown in figure 3 are cumulative incidence curves showing survival in those patients whose
FISH failed due to insufficient sample for at least one chromosome (n=16, 14%) compared to
those whose FISH was successful for both chromosomes (n=99, 86%). No statistically

significant difference was noted between these groups.

Regression analysis

Results from the univariate analyses for the Fine and Gray model are shown in table S4. Only
baseline demographics (age and gender), mitosis rate, chromosome status, ciliary body
involvement and largest basal diameter passed the nominal threshold for inclusion at 10%.
Higher AJCC stage(p=0.007), larger basal diameter (p<0.001), gain in chromosome
8q(p<0.001), monosomy 3(p=0.003), mitotic rate (p=0.004), ciliary body involvement
(p=0.014) and higher age(p=0.011) were found to be associated with melanoma-related death

however sex was not associated with metastatic mortality. Univariate cox regression analysis

10
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(cause-specific hazards) was in concordance with the results from the Fine-Gray model (table

S5), where hazard ratios and 95% Cls are presented for ease of interpretation.

Multivariable analysis limited to chromosome status and largest basal diameter are presented
in table S6. We studied the combined variable chromosome status (categorised into 2 groups-
absence of both chromosome abnormalities vs both chromosome abnormalities present) to
offset issues related to multicollinearity between the binary variables (p<0.001; chi2-test).
We decided to group presence of only one chromosomal defect (e.g. M3 or 8q gain) with
none due to similar survival experience at 5-years in this sample (see figure 1 and 2D) and to
enhance statistical power for multivariable analysis. Furthermore, because of inadequate
sample size in AJCC stage (low numbers in groups other than stage II and III) largest basal

diameter was taken forward into to the multivariable analysis only.

Residual diagnostic plots for the Fine-Gray model are shown in figures S1-S4. Calibration curves for
the Fine-Gray model are shown in figure S5. As shown in table S7, taking age and gender in a
“base” model, adding largest basal diameter produced better model discrimination than
chromosome status; however, taken together these gave the highest AUC(95% CI) (bootstrap
adjusted ROC: 72(67.9,83.7), Time-dependent AUC (AUC): 77.7(69.3, 86.2)) and smallest
prediction error (Brier score; 16.3(11.3,21.3)). This two marker-model, despite having more
parameters, also had the lowest AIC(281.37). For AIC, smaller values indicate better model
fit. Brier score combines discrimination and calibration. Smaller values indicate higher

predictive accuracy.
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Discussion

This study specifically focuses on survival in patients with large, advanced tumours who
have not received previous treatment. The results demonstrate that in our particular
population of patients, survival following enucleation for large uveal melanoma is poor. Fifty
seven percent of our cohort of patients enucleated between 2012 and 2014 had died by May
2020. Only 18% of these patients were known to have died from other causes. The

remaining 82% either died from metastatic melanoma or had unknown causes of death.

As shown in figure 2, our survival results based on AJCC criteria are comparable to the
European Ophthalmic Oncology Group’s 2013 study that validated the AJCC criteria®. Over
and above this, using both cumulative incidence analysis and multivariable regression
analysis, we corroborate the findings of previous studies that have demonstrated the utility of
combining the additional information from cytogenetics with tumour size/AJCC grade’!°. In
our patients, adding information about chromosome status to information about tumour size,
more accurately predicts mortality than AJCC data alone (see Figure 2). Overall, patients
with the worst prognosis are those with tumours with diameter of 16 mm or more with both
monosomy of chromosome 3 and chromosome 8q gains. In these patients the 5-year

mortality rate measures 61%.

Since 2012, we have routinely performed FISH (fluorescence in situ hybridization)
cytogenetic analysis on all consenting patients undergoing primary enucleation for advanced
uveal melanoma. Although several other techniques for genetic analysis exist, with this study
we have demonstrated that FISH remains a useful tool. Benefits of FISH over these other
methods include the fact that it is able to assess for heterogeneity in tumours and that it can

also be used to detect the percentage of cells with monosomy 3 and 8q amplification, which

12
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has been shown previously to correlate with patient survival'>. By using two probes for
chromosome 3 (a centromeric and sub-telomeric probe) we are able to detect partial deletions
of chromosome 3, which used to be a weakness of FISH as compared to MLPA. We
demonstrate that tumours providing insufficient sample for FISH analysis have a similar
prognosis to those who have successful FISH, although the numbers involved are small
(n=16). This result is in contrast to previous theories that insufficient-sample FNAB results
are more likely in more cohesive, spindle-cell tumours that are smaller and have a better

overall prognosis.'?

The strengths and challenges of this study included the ascertainment of survival data on a
cohort of enucleated patients with advanced uveal melanoma, all of whom had been
discharged from routine Ocular Oncology follow-up but still attended other hospitals for
surveillance scans of the liver. Although we had robust data on whether patients were alive or
deceased from the NHS Digital Spine, obtaining the cause of death data was more difficult.
This meant that 20/88, 22% of patients had unknown causes of death. National collection of
survival data for uveal melanoma in the United Kingdom is flawed because in central

registries, it is coded as a head and neck cancer rather than eye cancer.

Chromosome 8 status was known only in 104/155 (67%), and chromosome 3 status only in
100/155 (64%). Despite this, we have used robust statistical methods to ensure that the
conclusions we have drawn from the study are valid. The main reasons for lack of
cytogenetic information in patients were because patients declined the test or the cytogenetic
test failed due to insufficient material (16 samples). Performing cytogenetic testing on all
patients is a possible way of increasing the amount of cytogenetic information available for

further studies. Rather than a fine needle aspirate, a scleral flap approach or punch biopsy

13



303  may permit a greater yield. Newer molecular techniques may also yield better results. Next
304  generation sequencing (NGS) in choroidal melanoma analysis'®, may provide further

305  avenues of research as to whether NGS provides the same, or better ability to add to AJCC
306  prognostic ability as FISH. In this study we relied on pathology measurements of tumour size
307  due to inconsistencies in the reporting of ultrasound and clinical measurements. It should be
308  acknowledged that pathology measurements, depending on where the globe is cut, can

309  provide inaccurate measurements in some cases. This, however, is the same with both

310  ultrasound and clinical measurements, which also include an element of subjectivity and can
311  vary between operators.

312

313 In conclusion, this study will help patients and ocular oncology practitioners in the future
314  with prognostication as it has confirmed in our population the results of previous studies

315  demonstrating poor survival in patients enucleated for large uveal melanomas. It has also
316  confirmed results from previous studies that have demonstrated the utility of adding AJCC
317  grade to cytogenetic information in producing more accurate prognostication. In addition, it
318  demonstrates that FISH remains a useful tool and that lack of sample in patients undergoing

319  FNAB is not related to prognosis.
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Table 1. Baseline characteristics of those patients who were alive at final follow up and those who
were deceased. Patients deceased from all causes, including unknown, are included in this table.

Patient Alive(n=67) Deceased (n=88);
Characteristic

Male, n(%) 43(64.2%) 47(53.4%)
Mean age (SD) 60.8(12.5) 71.1(13.5)
Mean largest basal | 13.1(3.71) 15.7(4.88)
diameter, mm (SD)

Missing, n(%) 0(0%) 3(3.41%)
Mean tumour 9.3(3.2) 9.9(3.6)
thickness, mm (SD)

Missing, n(%) 0(0%) 3(3.41%)
AJCC stages, n(%)

I 1(1.5%) 0(0%)

A 12(17.9%) 11(12.5%)
1B 26(38.8%) 19(21.6%)
1A 20(29.9%) 35(39.8%)
11IB 6(9.0%) 17(19.32%)
1IC 1(1.5%) 0(0%)

v 1(1.5%) 6(6.8%)
Missing 0% 0%
Monosomy 3, n(%)

Absent 34 (50.75%) 21 (23.86%)
Present 17 (25.37%) 39 (44.32%)
Missing 16 (23.88%) 28 (31.82%)
Chromosome

8gain, n(%)

Absent 27(40.3%) 12(13.6%)
Present 25(37.3%) 51(58.0%)
Missing 15(22.4%) 25(28.4%)
Extraocular

extension

Absent 55 (82.1%) 70 (79.5%)
Present 12(17.9%) 18 (20.4%)
Ciliary body

Absent 38 (56.7%) 40 (45.5%)
Present 29 (43.3%) 48 (54.5%)
Epithelioid cells

Absent 44 (65.7%) 57(64.8%)
Present 23 (34.3%) 31(35.2%)
Loops

Absent 34 (50.7%) 38(43.2%)
Present 24 (35.8%) 43(48.9%)
Missing 9 (13.4%) 7(8.0%)
Mean Mitosis rate 2.9(2.3) 3.93.2)
(SD)

Missing n(%) 3(0.04) 3(0.03)
Follow-up time

mean (SD) median | 6.8(0.8) 3(1.9)
(IQR) (years) 6.7(1.4) 2.8(2.9)
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Table 2. Unadjusted P-values for correlations between tumour characteristics

LBD T AJCC Monosomy | Chromosome | M3 EOE Cb Epi Loops | Mitosis
stages | 3 8q and
8q+
LBD X
T 0.018; X
p=0.192
AJCC stage <0.001 <0.001 X
Monosomy 3 | 0.414 0.766 0.0574 | x
Chromosome | 0.174 0.310 0.2091 | <0.001 X
8gain
M3 and 8q+ | 0.135 0.848 0.025 | - - X
Extraocular 0.301 0.252 a- 0.645 1 0.458 | x
extension
Cb 0.112 0.198 <0.001 | 0.010 0.002 0.005 | 1 X
Epi 0.699 0.225 1 0.737 0.156 0.455 | 0.382 | 0.367 | x
Loops 0.533 0.660 0.2331 | 0.266 0.062 0.116 | 0.286 | 0.945 | 0.229 | x
Mitosis 0.131; 0.193; 0.982 | 0.590 0.470 0.335 | 0.715 | 0.354 | 0.626 | 0.160 | x
p=0.125 | p=0.108

Abbreviations: LBD, largest basal diameter; TT, tumour thickness; EOE, extraocular extension; Cb, ciliary body involvement; Epi, epithelioid cells; Loops, closed
connective tissue loops present;

Spearman’s rank correlation with yate’s correction, approximate p-values for continuous vs continuous

Kruskal Wallis rank sum test for continuous vs categorical

Pearson’s Chi-squared test for categorical vs categorical

Statistically significant p-values(p<0.05) have been italicized, applying the Bonferroni correction to the usual level of acceptable type-1 error (0.05) for 64 tests sets the
corrected alpha threshold at 0.001, statistically significant values in bold.

* due to low sample size this test was omitted
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Figure Legends

Figure 1A-K Cumulative incidence curves by melanoma and competing risk (death by other causes)

for all variables considered in this study.
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B) Melanoma death by Chromosome 8¢ status
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Figure 2A-B Cumulative incidence curves for AJCC stage II (figure 2a) and III (figure 2b) subjects.
Plotted on the same graphs are curves for stage Il and III patients with monosomy 3 and 8q gain and
the curves from the European Ophthalmic Oncology group’s 2013 study that formed the basis for the

most recent AJCC staging criteria®.
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Figure 3 Cumulative incidence curves for those whose FISH failed due to insufficient biopsy sample

compared to those whose FISH was successful in producing a result.
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Supplement

Table S1. Observed COD vs Missing COD

Observed COD Missing COD P-value
Patient Dead (n=68); Dead(n=20)
Characteristic Melanoma=52,
n(%) or other=16
mean(SD)
and/or
Median(IQR)
Male , n(%) 36(52.9%) 11(55%) 1
Mean age (SD) 71(13.9) 71.6(12.3) 0.858
largest basal 16.3(4.9) 13.9(4.5) 0.070
diameter, unit
mean(SD)
tumour 9.7(3.7) 10.4(3.2) 0.489
thickness, unit
mean(SD)
AJCC stages,
n(%) 0(0%) 0(0%) .
I 9(13.2%) 2(10%)
A 14(20.6%) 5(25%)
1B 24(35.3%) 11(55%)
IA 15(22.1%) 2(10%)
1B 0% 0(0%)
HIC 6(8.8%) 0(0%)
v
Monosomy 3,
n(%) “
Absent 18(36.7%) 3(27.3%)
Present 31(63.3%) 8(72.7%)
Chromosome
8gain, n(%) “
Absent 10(19.2%) 2(18.2%)
Present 42(80.8%) 9(81.8%)
Extraocular
extension “
Absent 54(79.4%) 16(80%)
Present 14(20.6%) 4(20%)
Cb 0.472
Absent 29(41.6%) 11(55%)
Present 39(57.4%) 9(45%)
Epi
Absent 39(57.4%) 18(90%) 0.016
Present 29(42.6%) 2(10%)
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Loops 0.458
Absent 31(50%) 7(36.8%)
Present 31(50%) 12(63.2%)

Mitosis, 4.1(3.5) 3.2(1.6) 0.693
mean(SD)
Median(IQR)

follow-up time 3(1.8) 3.3(2.2) 0.640
mean (SD)
median (IQR)
Abbreviations: COD, cause-of-death

* Due to small sample size (expected cell count <5) no p-value was computed and fishers exact test
was not performed as they tend to be overly conservative

Chi-squared test for categorical variables and Kruskal Wallis for continuous

Statistically significant p-values (p<0.05) have been italicised, there was one statistically significant
p-value in epithelioid cells, proportion excluded contained 10% epi cells whereas observed COD
contained 42.6%
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Table S2. Missing vs non-missing cases in 8gain, monosomy 3 and largest basal diameter (final sample included in multivariable analysis)

Patient
Characteristi
c

n(%) or
mean(SD) or
mean(SD)
and
Median(IQR)
and range

Complete
cases (n=98)

Missing
cases (n=37)

P-
value

Non-
missing
8gain
(n=104)

Missing
8gain
(n=31)

p_
value

Non-
missing
mono3
(n=100)

Missing
mono3 (n=35)

p_
value

Non-
missing
LBD
(n=132)

Missing
LBD (n=3)

Male , n(%)

61(62.2%)

18(48.6%)

0.217

64 (61.5%)

15 (48.4%)

0.273

62 (62%)

17(48.6%)

0.235

78(59.1%
)

1(33.3%)

Mean age
(SD)

65.6(14.3)

66.8(13.9)

0.544

65.1(14.7)

68.6(11.7)

0.332

65.8(14.2)

66.2 (14.1)

0.332

65.7(14.2)

3
observation
s: 64.73,
78.93,
84.39

Mean largest
basal
diameter,
unit (SD)

14.7(4.8)

14.5(4.1)

0.739

14.9(4.8)

13.8(3.9)

0.910

14.7(4.8)

14.4 (4.1)

0.910

Mean tumour
thickness,
unit (SD)

9.3(3.5)

9.9(3.4)

0.353

9.34(3.5)

9.7 (3.5)

0.395

9.3(3.5)

9.9 (3.4)

0.395

9.5(3.4)
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AJCC stages, - 1(1.0%) 0(0%) - 1(1.0%) 0(0%) - 1(0.8%) 0
n(%) 17(16.4%) | 4(12.9%) 17(17%) 4(11.4%) 20(15.2% | 1(33.3%)
I 1(1%) 0(0%) 30(28.8%) | 10(32.3%) 30(30%) 10(28.6%) ) 1(33.3%)
A 17(17.3%) 4(10.8%) 31(29.8%) | 13(41.9%) 29(29%) 15(42.9%) 39(29.5% | 1(33.3%)
1B 30(30.6%) 10(27.0%) 17(16.4%) | 4(12.9%) 15(15%) 6(17.1%) ) 0
ITA 28(28.6%) 16(43.2%) 1(1.0%) 0(0%) 1(1%) 0(0%) 43(32.6% | O
I11B 14(14.3%) 7(18.9%) 7(6.7%) 0(0%) 7(7%) 0(0%) ) 0
IIic 1(1%) 0 21(15.9%
v 7(7.1%) 0 )
1(0.8%)
7(5.3%)
AJCC stage 0.201 0.872 0.358
11 47(52.2%) 14(37.8%) 47(49.0%) | 14(45.2%) 47(51.1%) | 14(40%) 59(47.6% | 2(66.7%)
I 43(47.8%) 23 (62.2%) 49(51.0%) | 17(54.8%) 45(48.9%) | 21(60%) ) 1(33.3%)
65(52.4%
)
Monosomy 3, | 51(52.0%) 1(50%) - - - - - 52(52.5% | 0
n(%) 47(48.0%) 1(50%) ) 1(100%)
Absent 51(51.5%) | 1(100%) 47(47.5%
Present 48(48.5%) | 0(0%) )
Chromosome -2 - - - 37(37.4%) | 0(0%) -2 37(35.9% | O
8gain, n(%) 37(37.8%) 0 62(62.6%) | 5(100%) ) 1(100%)
Absent 61(62.2%) 6(100%) 66(64.1%
Present )
Extraocular 82(83.7%) 27(73.0%) 0.245 | 86(82.7%) | 23(74.2%) | 0.306 | 83(83%) 26(74.3%) 0.319 | 107(81.1 | 2(66.7%)
extension 16(16.3%) 10(27.0%) 18(17.3%) | 8(25.8%) 17(17%) 9 (25.7%) %) 1(33.3%)
Absent 25(18.9%
Present )
Cb 49(50%) 18(48.6%) 1 51(49.0%) | 16(51.6%) | 0.840 1 66(50.0% | 1(33.3%)
Absent 49(50%) 19(51.3%) 53(51.0%) | 15(48.4%) 50(50%) 17(48.6%) ) 2(66.67%)
Present 50(50%) 18(51.4%)
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66(50.0%
)

Epithelioid 63(64.3%) 20(54.0%) 0.373 | 68(65.4%) | 15(48.4%) | 0.097 0.164 | 81(61.4% | 2(66.7%)
cells 35(35.7%) 17(46.0%) 36(34.6%) | 16(51.6%) 65(65.0%) | 18(51.4%) ) 1(33.3%)
Absent 35(35.0%) | 17(48.6%) 51(38.6%
Present )
Loops 51(58.0%) 14(43.8%) 0.241 | 52(55.9%) | 13(48.2%) | 0.516 0.4 65(55.1% | 0(0%)
Absent 37(42.0%) 18(56.2%) 41(44.1%) | 14(51.9%) 51(56.7%) | 14(46.7%) ) 2(100%)
Present 39(43.3%) | 16(53.3%) 53(44.9%

)
Mitosis, 3.53.1); 3.6(3);3(2);0 | 0.750 | 3.5(3.0);3(2 | 3.6(3.3);3(2 | 0.947 | 3.4(3.1) 3.7(3.0) 0.659 | 3.5(3.1) 2
mean(SD), 3(2); 0-20 -12 );0-20 2),0-12 observation
median(IQR), s: 4,5
range
follow-up 5(2.4); 4.7(2.4);4.9( |0.498 |4.92.4); 4.8(2.5); 0.849 | 4.9(2.4); 4.7(2.4); 0.572 | 4.92.4) 3
time mean 5.8(4); 0.2- 3.8);0.6-8.3 5.8(4); 0.2- | 5.6(3.8); 5.8(4); 0.2- | 4.9(3.8); 0.6- 5.8(4); observation
(SD); median | 8.3 8.3 0.6-8.3 83 8.3 0.2-8.3 s:2.19,
(IQR); range 4.24.4.61

Abbreviations: Cb, Ciliary body involvement
Due to small sample size in those missing LBD, a formal statistical test comparing complete and missing cases were not carried out.
* No statistical test was performed due to small sample size (expected cell count <5), as fishers exact test can be overly conservative, we did not report these

either

® No observations due to small sample size
Chi-squared test for categorical variables or Kruskal Wallis for continuous variables
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Table S3. Observed cumulative incidence rates (variance) at 5 years for melanoma related
death, by stage, LBD and chromosome status

8q gain M3 Chromosomes (8q gain
and M3)
Absence | Presence | Absence | Presence | Absence Both
(n=37) (n=67) (n=52) (n=48) (n=61) (n=39)
AJCC | 11 0.05(0.0 | 0.27(0.0 |0.13(0.0 | 0.25(0.01) | 0.11(0.003 | 0.36(0.02);
stage | (n=69 | 02);n=21 | 1);n=26 | 04);n=31 | ;n=16 );n=36 n=11
)a
111 0.20(0.0 | 0.56(0.0 | 0.30(0.0 | 0.52(0.01) | 0.25(0.01) | 0.62(0.01);
(n=74 | 1);n=15 | 1);n=34 1);n=20 | ;n=25 ;n=24 n=21
)b
LBD, | <12 0.00(0.0 | 0.24(0.0 | 0.06(0.0 | 0.25(0.02) | 0.05(0.002 | 0.38(0.03);
mm (m=37 | 0);n=13 | 1);n=17 | 03);n=18 | ;n=12 );n=22 n=8
(n=98 | )¢
) 12- 0.00(0.0 | 0.58(0.0 |0.19(0.0 | 0.53(0.02) | 0.16(0.001 | 0.67(0.02);
1599 | 0);n=13 | 1);n=19 | 1);n=16 | ;n=15 );n=19 n=12
(n=43
)d
>15.9 | 0.36(0.0 | 0.53(0.0 |0.33(0.0 | 0.55(0.01) | 0.30(0.01) | 0.61(0.01);
9 2)n=11 | 1);n=30 );n=18 | ;n=20 ;n=20 n=18
(n=52
)e

Abbreviations: LBD, largest basal diameter.

22 missing chromosome 8 and chromosome 3

25 missing chromosome 8 and 29 missing chromosome 3
7 missing chromosome 8 and chromosome 3

11 missing chromosome 8 and 12 missing chromosome 3
1 1missing chromosome 8 and 14 missing chromosome 3
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Figures S1-S4 demonstrate some non-constant curvature in the residual plots for age, gender,
ciliary body involvement and presence of both chromosomes, these variables were
subsequently modelled with a time interaction at the univariate level, this did not yield an
effect that varied with time (p>0.05). Variables that passed the stay criterion after applying a
backward selection procedure included both largest basal diameter (p=0.02) and the presence
of both chromosomes (p<0.001).

Figure S1. Residual diagnostic plots for Fine-Gray models at univariate level
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57  Figure S2. Residual diagnostic plots for Fine-Gray model from multivariable analysis
58  +presence of chromosome 8q
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Figure S3. Residual diagnostic plots for Fine-Gray model from multivariable analysis
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110
111  Figure S4. Residual diagnostic plots for Fine-Gray model from multivariable analysis
112 +presence of both chromosomes
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Table S4. Univariate analysis using the Fine-Gray model

Characteristic | Melanoma death Other death

HR 95% CI P value | HR 95% CI P value
Male 0.66 0.39-1.14 0.14 1.19 0.44-3.24 ]0.73
Age, years 1.03 1.01-1.06 0.011 1.06 1.02-1.1 0.002
LBD, mm 1.13 1.06-1.2 <0.001 | 1.06 0.97-1.15 | 0.21
tumour 1.01 0.91-1.11 0.9 1.05 0.96-1.14 | 0.27
thickness, mm
AJCC stages 243 1.29-4.58 0.006 0.73 0.27-1.97 | 0.53
II
111
Monosomy 3,
n(%)
Absent Ref - - Ref - -
Present 2.92 1.43-5.97 0.003 0.97 0.33-2.85 | 0.96
Chromosome
8gain
Absent Ref - - Ref - -
Present 495 1.97-12.4 <0.001 | 0.83 0.28-2.49 |0.74
Chromosome
status
Neither or one | Ref - - Ref - -
Both 4.73 2.31-9.71 <0.001 | 0.69 0.22-2.2 0.53
Extraocular
extension
Absent Ref - - Ref - -
Present 1.81 0.93-3.55 0.082 0.29 0.04-2.24 ]0.23
Ciliary body
involvement
Absent Ref - - Ref - -
Present 2.01 1.15-3.51 0.014 0.59 0.22-1.63 | 0.31
Epithelioid
cells
Absent Ref - - Ref - -
Present 1.48 0.86-2.55 0.15 0.75 0.26-2.18 | 0.6
Loops
Absent Ref - - Ref - -
Present 1.53 0.88-2.66 0.14 0.84 0.28-2.47 | 0.75
Mitosis (log) 2.22 1.29-3.79 0.004 1.14 0.51-2.55 | 0.751

Univariate analysis on available cases as opposed to complete-case analysis to preserve sample size
and enhance statistical power. Statistically significant p-values(p<0.05) have been italicized

Mitosis was loge-transformed, adding 1 prior to transformation, as log.(0) is undefined
Abbreviations; LBD, largest basal diameter; Loops, closed vascular loops;
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Table S5. Univariate analysis using the Cause-specific hazards model

Characteristic | Melanoma death Other death

HR 95% CI P value | HR 95% CI P value
Male 0.67 0.39-1.16 0.156 1.04 0.38-2.87 | 0.939
Age, years 1.04 1.02-1.06 <0.001 | 1.10 1.04-1.16 | <0.001
LBD, mm 1.14 1.07-1.21 <0.001 |1.14 1.01-1.29 | 0.0296
tumour 1.01 0.93-1.10 0.82 1.06 0.91-1.23 | 0475
thickness, mm
AJCC stages 2.31 1.23-4.33 0.009 0.93 0.34-2.53 | 0.892
II
111
Monosomy 3,
n(%)
Absent Ref - - Ref - -
Present 3.04 1.49-6.18 0.002 1.45 0.48-4.38 | 0.508
Chromosome 8
gain
Absent Ref - - Ref - -
Present 4.97 1.94-12.71 <0.001 | 1.28 0.42-3.95 | 0.665
Chromosome
status
Neither or one | Ref - - Ref - -
Both 4.85 2.38-9.90 <0.001 |1.24 0.37-4.09 | .728
Extraocular
extension
Absent Ref - - Ref - -
Present 1.83 0.97-3.42 0.0605 0.38 0.05-2.89 | 0.35
Ciliary body
involvement
Absent Ref - - Ref - -
Present 1.88 1.07-3.3 0.0289 | 0.77 0.28-2.13 | 0.614
Epithelioid
cells
Absent Ref - - Ref - -
Present 1.55 0.90-2.68 0.113 0.88 0.30-2.54 | 0.81
Loops
Absent Ref - - Ref - -
Present 1.62 0.92-2.85 0.0917 1.09 0.35-3.38 | 0.886
Mitosis (log) 2.22 1.35-3.64 0.002 1.14 0.51-2.55 | 0.751

Univariate analysis on available cases as opposed to complete-case analysis to preserve sample size
and enhance statistical power. Statistically significant p-values(p<0.05) have been italicized
Mitosis was loge-transformed, adding 1 prior to transformation, as log.(0) is undefined
Chromosome status defined as presence of both chromosomes in any one individual vs absence of
both.

Abbreviations; LBD, largest basal diameter;;
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Table S6. Multivariable analysis (melanoma-related death)

Fine-Gray Cause-specific model
Characteristic SHR 95% CI P value | HR 95% CI P value
(n=99;
events=35)
Male 0.53 0.27-1.01 0.055 0.57 0.28-1.15 0.12
Age, years 1.02 1.001-1.05 0.043 1.02 0.997-1.05 | 0.10
LBD, mm 1.14 1.05-1.24 0.003 1.15 1.06-1.25 <0.001
Chromosome
status
Neither/One Ref - - Ref - -
Both 3.90 1.86-8.18 <0.001 | 4.17 2.00-8.70 <0.001

Abbreviations: LBD, Largest basal diameter;

Statistically significant p-values have been italicised
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165  Figure S5.
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166
167  Calibration curves for the Fine-Gray models as per table 4 for Base, +LBD, +Chromosome status and

168  full models.

169  The Base model includes; age and gender, +LBD model includes; age, gender and LBD,

170  +Chromosome status model includes; age, gender and chromosome status and full model includes;
171  age, gender, chromosome status and largest basal diameter.

172 Model validation was performed via leave-one-out bootstrap, as per R package riskRegression.

173 AUC and Brier scores point estimates provided as time-dependent measures with their 95%
174  confidence intervals.

175
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Table S7. Effect of adding LBD after adjusting for chromosomes and vice versa- competing
risk regression analysis based on Fine and Gray model (5-year follow-up)

Characteristic | Melanoma death
(n=99; C-statistic Brier score(95% CI); AIC
event=35) Apparent; AUC  ROC (95% CI); Bootstrap adjusted
Bootstrap adjusted Bootstrap adjusted (95% CI)
95% CI) 95% CI)
Base model 63.3; 65.2(52.9,77.5); 19.9(15.3,24.4); 306.9
60.6(56.0,75.3) 65.0(54.3,75.6) 21.6(16.8,26.4)
+LBD 70.1; 72.5(62.0,83.1); 18.8(13.7,24.0); 292.97
66.9(62.4,80.8) 72.6(63.1,82.1) 20.9(15.4,26.5)
+Chromosome | 72.4; 78.1(67.9,88.3); 16.3(11.6,21.0); 289.45
status 71.2(66.7,84.5) 75.3(65.9,84.7) 18.4(13.4,23.5)
+Chromosome | 75.8; 81.9(73.4,90.3); 16.3(11.3,21.3); 281.37
status 72.6(68.6,84.8) 77.7(69.3,86.2) 18.8(13.4,24.4)
+LBD

Base model includes Age and gender. Number of bootstrap samples: 1000, bootstrap sample size: 99
for C-statistic

Chromosome status defined as; neither chromosome/one chromosome vs two chromosomes

Time dependent-ROC curves (95% CI) and leave-one-out bootstrap ROCs based on Blanche et al'’,
correlates predictions with binary status at time t, whereas non time-dependent c-statistics presented
correlate predictions with actual event times

Brier score combines discrimination and calibration - it is defined as the expected square prediction
error or distance between observed and predicted probabilities. Smaller values indicate higher
predictive accuracy.

For AIC, smaller values indicate better model fit

Abbreviations: AUC;,, time-dependent ROC; LBD, largest basal diameter; AIC- Akaike Information
Criterion, BIC- Bayesian information Criterion, C-Statistic; Concordance-Statistic
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