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Abstract

Background. Oncology trends are based on data coming from different countries and ocular melanoma
is the most common primary eye cancer in adults.

Objectives. To investigate the incidence and characteristics of ocular melanoma in the overall population
of Poland.

Materials and methods. The retrospective survey of both the National Cancer Registry (NCR) and National
Health Fund (NHF) databases was performed to identify all ocular melanoma cases in Poland in 2010—-2017.

Results. The mean incidence of ocular melanoma was 8.76/1,000,000 person-years; the lowest incidence
was observed in the 1929 age group (1.17/1,000,000 person-years) and the highest in the group over 70
(22.88/1,000,000 person-years). There were no statistically significant trends in the incidence rates over
the study period. The overall incidences of uveal, eyelid and conjunctival melanoma were 6.67/1,000,000,
0.47/1,000,000 and 0.28/1,000,000 person-years, respectively. The 5-year overall survival (0S) was 60.76%;
the higher risk of death was associated with male sex (hazard ratio (HR) = 1.2959), older age at diagnosis
(HR=1.0379), chemotherapy treatment (HR = 1.6774), metastasis (HR = 1.5716), loco-regional hyperplasia
(HR=1.5936), and systemic tumor spread (HR = 3.9872), compared to the carcinoma in situ. Therisk of death
was reduced by radiotherapy treatment (HR = 0.6645).

Conclusions. The incidence rate of ocular melanoma in Poland is in the middle of the range worldwide,
and the 5-year S is relatively low.
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Background

Ocular melanoma is the most common primary eye
cancer in adults arising from melanocytes located
in the conjunctival membrane and uveal tract of the eye,
which accounts for 3.7% of all melanoma cases. Among
ocular melanomas, 83% arise from the uvea, 5% from
the conjunctiva and 10% from other sites in the eye.
Uveal melanoma is the most common primary intra-
ocular cancer in adults.!> The incidence of ocular
melanoma varies across ethnicities and regions world-
wide, with the highest rates in Northern Europe and
Australia and the lowest rates in Asian, Hispanic and
black populations (i.e., the incidence of uveal melanoma
ranges from 0.31 in Black and 0.38 in Asian popula-
tions to 11.7/1,000,000 person-years in Northern Eu-
rope). However, the incidence rate of uveal melanoma
remained stable over the recent decades, while conjunc-
tival melanoma showed an increase in the incidence rate
among white men and individuals over 60.146-1° The oc-
currence rate of ocular melanoma is positively correlated
with older age, with a peak around the age of 70. How-
ever, the mean age of the ocular melanoma diagnosis also
varies in different populations, i.e., in Asia, as it affects
younger individuals than in Europe or the USA, where
it usually presents around the age of 60. The anterior
uveal melanoma is also more common in young patients.
It represents more than 20% of all uveal melanomas
in the age group under 20 compared to 4% and 2% in pa-
tients aged 20—60 and over 60, respectively."*¢ Other
risk factors associated with ocular melanoma include
sex, Caucasian origin, light skin and iris pigmentation,
genetic predisposition (BAP1 mutation), environmen-
tal factors, and certain dermatological conditions like
dysplastic nevus syndrome or nevus of Ota.!'"* De-
spite the fact that the treatment of ocular melanoma
has evolved with a therapeutic shift to eye-conserving
treatment options, it is estimated that still more than
50% of patients develop metastases within 25 years from
the initial diagnosis. Poor prognosis indicators include
older age at diagnosis, large tumor diameter, anterior
location, extraocular extension, histopathological type,
and cytogenetic abnormalities.>8151% Although the lo-
cal data from Poland concerning conjunctival and uveal
melanomas were analyzed by the RARECAREnet and
the European Cancer Registry (EUROCARE) working
groups,*”?° data from the entire population of Poland
are lacking.

Objectives

The present study aims to analyze the incidence and
characteristics of ocular melanoma in the overall popu-
lation of Poland in 2010-2017, and to report the patient
survival and coexisting risk factors.
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Materials and methods

Data sources, disease codes
and definitions

The present study was a part of the project “Maps of Health-
care Needs — Database of Systemic and Implementation
Analyses” coordinated by the Polish Ministry of Health
and co-financed by the European Union funds through
the European Social Fund under the Knowledge, Educa-
tion and Development Operational Program (EU grant No.
POWR 05.02.00-00-0149/15-01).21-2* The study design was
aretrospective and nationwide survey concerning patients
with ocular melanoma diagnosed between January 1, 2010
and December 31, 2017. Patients were identified in the Na-
tional Cancer Registry (NCR) using personal identifica-
tion number (PESEL), the 10 revision of the International
Statistical Classification of Diseases and Related Health
Problems (ICD-10), and the 3" edition of the International
Classification of Diseases for Oncology (ICD-0O-3) codes.
The ICD-10 codes defining ocular neoplasms are C43.1
and C69 with extensions. Ocular melanomas were found
in this group of patients using ICD-O-3 codes 872-877
with extensions. Therefore, all patients with both the ICD-
10 and ICD-O-3 codes (as mentioned above) were included
in the study group. The analysis of the study group also
included demographic data from the National Health Fund
(NHF) database, such as patient sex, age at diagnosis and
area code. As both the NCR and the NHF databases cover
the entire population of Poland, we believe that all ocular
melanoma cases diagnosed in Poland between 2010 and
2017 were included in the statistical analysis. In addition,
population data for Poland and patient death records were
obtained from Statistics Poland.?>~%

Data analyses

In the 15t part of the study, the descriptive statistics
and demographic characteristics of the study group and
the incidence analysis of ocular melanoma were per-
formed for each year of the study period, separately. Then,
the analysis of patients diagnosed with ocular melanoma
in 2010-2014 with 5 years of follow-up was carried out, al-
lowing the performance of survival analysis. The 1-year and
5-year overall survival (OS) rates were calculated. The Cox
proportional hazards model was applied, and hazard ra-
tios (HRs) with a 95% confidence interval (95% CI) were
computed. A value of p < 0.05 was considered statisti-
cally significant. The Kaplan—Meier curve was employed
to present the 5-year survival. Many different factors were
considered in the survival analysis, including patient sex,
age at the time of diagnosis, place of residence, and treat-
ment method. Data on the general treatment schedule were
available in the NCR database; these data concern surgical
treatment, radiotherapy, chemotherapy, and other thera-
pies. Additionally, detailed therapies were identified using
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the ICD-9 codes according to the ICD-9-CM Volume 3
classification (a subset of the International Statistical Clas-
sification of Diseases and Related Health Problems (ICD)-
9-CM) and obtained from the NHF database of medical
services. They were matched with the study group from
NCR. The ICD-9 codes, namely 16.31, 16.39, 16.41, 16.42,
16.49,16.51, and 16.52, were used to identify surgical treat-
ment by enucleation, and ICD-9 codes 14.26, 14.27 and
92.4 with extensions were applied to identify radiother-
apy by plaque brachytherapy. Other therapies indicated
in the NCR database included laser therapy and targeted
therapy. Other clinical factors obtained from the NCR da-
tabase were also taken into account, including metasta-
ses or advancement stages. Tumor growth advancement
was divided into 4 categories: in situ, local, loco-regional,
and systemic. The reference group was the tumor in situ.
The R statistical software v. 3.6.2 (R Foundation for Statisti-
cal Computing, Vienna, Austria) was used for all analyses.
The demographic characteristics of patients are presented
with the mean and standard deviation (SD).
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Since our study did not require ethics committee ap-
proval, it adhered to the tenets of the Declaration of Hel-
sinki for research involving human subjects (socio-demo-
graphic data, including age, sex and place of residence, were
recorded anonymously). Furthermore, the study protocol
was approved by the Polish Ministry of Health, which
is entitled by the laws of the Republic of Poland to process
the NHF data. The informed consent was waived.

Results

In total, 2143 patients with ocular melanoma were identified
in Poland between January 1, 2010 and December 31, 2017.
The incidence rates for each age group in the study period are
presented in Table 1 and Fig. 1. The mean incidence of ocular
melanoma was 8.76/1,000,000 person-years (95% CI: [6.94;
10.58]). The incidence of ocular melanoma increased with
age: the lowest incidence was observed in patients aged 19-29
(1.17/1,000,000 person-years) and the highest in patients over

Table 1. Age-standardized incidence of ocular melanoma among Polish adults from 2010 to 2017 by age group

Number of people aged 19-29 years (in thousands)
Number of melanoma cases

Incidence/1,000,000 person-years

Percentage of women [%]

Number of people aged 30-39 years (in thousands)
Number of melanoma cases

Incidence/1,000,000 person-years

Percentage of women [%]

Number of people aged 40-49 years (in thousands)
Number of melanoma cases

Incidence/1,000,000 person-years

Percentage of women [%]

Number of people aged 50-59 years (in thousands)
Number of melanoma cases

Incidence/1,000,000 person-years

Percentage of women [%]

Number of people aged 60-69 years (in thousands)
Number of melanoma cases

Incidence/1,000,000 person-years

Percentage of women [%]

Number of people aged >70 years (in thousands)
Number of melanoma cases

Incidence/1,000,000 person-years

Percentage of women [%]

Total number of people in all above age
groups combined (in thousands)

Number of melanoma cases
Incidence/1,000,000 person-years

Percentage of women [%]

| 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | All
6117.1 6015.0 5854.2 5651.8 54514 52437 5062.3 4890.1 44,2857
9 11 8 4 6 6 2 6 52
147 1.83 1.37 0.71 1.10 1.14 0.39 1.23 1.17
33.33 4545 50.00 25.00 50.00 83.33 0.00 83.33 50.00
5895.1 6005.6 6123.5 6239.5 6314.5 6348.3 6330.6 6290.1 49,547.1
15 12 14 12 14 15 15 12 109
2.54 2 2.29 1.92 222 2.36 2.37 191 22
40.00 66.67 64.29 83.33 2857 46.67 60.00 41.67 53.21
48472 48222 48384 4879.8 4956.0 5064.6 52024 53415 39,9522
28 29 33 10 17 19 22 37 195
578 6.01 6.82 2.05 343 3.75 423 6.93 4.88
4643 68.97 4848 70.00 7647 57.89 40.91 43.24 53.85
5847.7 57655 5656.6 5536.1 5406.3 52453 5089.3 49283 43,4752
63 47 49 44 42 50 61 81 437
10.77 8.15 8.66 795 7.77 9.53 11.99 16.44 10.05
58.73 55.32 44.90 50.00 59.52 52.00 55.74 58.02 54.69
37120 39313 41712 44098 46428 @ 48883 50247 @ 51273 @ 359074
68 82 77 51 53 96 88 115 630
1832 20.86 18.46 11.57 11.42 19.64 17.51 2243 17.55
4118 40.24 57.14 54.90 4151 57.29 4545 51.30 49.05
38306 38653 3874.0 38829 3905.0 39147 4030.5 4166.8 31,4692
78 80 94 68 74 85 101 140 720
20.36 20.7 24.26 17.51 18.95 21.71 25.06 336 22.88
53.26 5441 51.27 58.20 5291 5535 5260 5243 57.08
30,2498 @ 30404.7 305180 30,5999 306759 30,7050 30,7399 30,7436 244,636.8
261 261 275 189 206 271 289 391 2143
8.63 8.58 9.01 6.18 6.71 8.83 9.40 12.72 8.76
53.26 5441 51.27 58.20 5291 55.35 52.60 5243 53.57
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Fig. 1. Incidence of ocular melanoma in Poland according to standard
annual analysis during 2010-2017
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Fig. 2. Localization of ocular melanoma among Polish adults from 2010 to 2017

70 (22.88/1,000,000 person-years). The number of ocular
melanoma diagnoses by anatomical localization is presented
in Fig. 2. The uveal melanoma (iris, ciliary body and cho-
roid localizations) was the most common and was diagnosed
in 1632 (76.16%) patients. Eyelid melanoma was the 2"¢ most
common and was diagnosed in 114 (5.32%) patients. The 3"
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most common was conjunctival melanoma, which was diag-
nosed in 69 (3.22%) patients. The other melanomas were lo-
calized in orbit (21 patients (0.98%)), overlapping lesion of eye
and adnexa (10 patients (0.47%)) and lacrimal gland and duct
(1 patient (0.05%)). At the same time, unspecified ocular mel-
anoma was diagnosed in 296 (13.81%) patients. The overall
incidences of uveal, eyelid and conjunctival melanoma were
6.67/1,000,000, 0.47/1,000,000 and 0.28/1,000,000 person-
years, respectively.

The demographic characteristics of patients with ocular
melanoma in Poland are presented in Fig. 1 and Table 1,2.
The mean age at the time of diagnosis was 62.73 +14.43 years,
and there was a slight increase in the mean age of diag-
nosis over the study period. The majority of patients were
female (53.57%), and the proportion of women in each
analyzed year was more than half. In addition, the vast
majority of patients (65%) were urban residents. The over-
all ocular melanoma incidence rate was also higher
in women (8.96/1,000,000 person-years) than in men
(8.54/1,000,000 person-years).

The OS analysis included 1192 patients diagnosed in 2010—
2014. One hundred patients (8.39%) died within 1 year and
507 patients (39.24%) died within 5 years from ocular mela-
noma diagnosis. The 1-year and 5-year OS rates were 91.61%
and 60.76%, respectively. Among statistically significant
variables, a higher risk of death within 5 years was associated
with male sex (HR = 1.2959; 95% CI: [1.086; 1.547]), older
age at diagnosis (HR = 1.0379; 95% CI: [1.03; 1.046]), che-
motherapy treatment (HR = 1.6774; 95% CI: [1.317; 2.136)),
metastasis (HR = 1.5716; 95% CI: [1.056; 2.340]), loco-re-
gional hyperplasia (HR = 1.5936; 95% CI: [1.111; 2.286]), and
systemic tumor spread (HR = 3.9872; 95% CI: [3.021; 5.263))
compared to the carcinoma in situ. The risk of death was sta-
tistically reduced by radiotherapy treatment (HR = 0.6645;
95% CI: [0.529; 0.835]). However, place of residence, surgery
treatment and local tumor growth (compared to the tumor
in situ) were not associated with the mortality rate. All re-
sults of survival analysis are presented in Table 3. The Ka-
plan—Meier curve shows the patient survival (Fig. 3). The re-
sults of the test for the proportional hazards assumption are
presented in Table 4.

Table 2. Demographic characteristics of patients with ocular melanoma among Polish adults from 2010 to 2017

Variable 2010 201 2012 2013 2014 2015 2016
Age [years],
mean +SE 60.72 +14.88  60.68 £14.83  62.17 £14.39 6347 £14.26 62.59+1553 6346+1409 6392+14.10 64.18+13.61 62.73 +14.43
Women, 139 142 141 110 109 150 152 205 1148
n (%) (53.26) (54.41) (51.27) (58.20) (52.91) (55.35) (52.60) (52.43) (53.57)
Men, 122 119 134 79 97 121 137 186 995
n (%) (46.74) (45.59) (48.73) (41.80) (47.09) (44.65) (47.40) (47.57) (46.43)
Urban residence, 163 181 167 122 121 175 196 268 1393
n (%) (62.45) (69.35) (60.73) (64.55) (58.74) (64.58) (67.82) (68.54) (65.00)
Rural residence, 98 80 108 67 85 96 93 123 750
n (%) (37.55) (30.65) (39.27) (35.45) (41.26) (3542) (32.18) (31.46) (35.00)

SE — standard error.
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Table 3. Results of Cox proportional hazards model of 5-year survival

Variable 2.5% HR 97.5% HR
Rural residence —0.012038 0.092972 0.896974 0.9880 0.8234 1.1855
Male sex 0.259177 0.090260 0.004086 1.2959 1.0857 1.5466
Age 0.037241 0.003708 <0.00001 1.0379 1.0304 1.0455
Surgery 0.139545 0.111631 0211279 1.1498 0.9238 14310
Chemotherapy 0517221 0.123385 0.0000277 1.6774 1.3170 21362
Radiotherapy -0.408784 0.116795 0.000465 0.6645 0.5285 0.8354
Metastasis 0452075 0.203065 0.025997 1.5716 1.0556 23398
Local cancer —-0.107813 0.110736 0330253 0.8978 0.7226 1.1154
Loco-regional cancer 0465971 0.184095 0.011369 1.5936 1.1109 2.2860
Systemic cancer 1.383081 0.141593 <0.00001 3.9872 3.0209 52625

SE — standard error; HR — hazard ratio.

Fig. 3. Kaplan—-Meier curve of ocular melanoma survival in Poland

Discussion

This study evaluates for the first time the incidence and
characteristics of ocular melanoma in the overall population
of Poland. The analysis included both the age-standardized
incidence of ocular melanoma (the unit of incidence is cap-
tured by 1,000,000 person-years) in 2010-2017 and the sur-
vival analysis of patients diagnosed with ocular melanoma
in 2010—2014, with 5 years of follow-up. The mean incidence
of ocular melanoma was 8.76/1,000,000 person-years, and
the mean age at the time of diagnosis was 62.73 +14.43 years.
The overall incidences of uveal, eyelid and conjuncti-
val melanoma were 6.67/1,000,000, 0.47/1,000,000 and
0.28/1,000,000 person-years, respectively. Our results
were in the middle of the range of ocular melanoma in-
cidence worldwide, which is much higher among Whites
than Blacks and Asians.!-® OQur age-standardized incidence
of uveal melanoma was similar to that reported earlier

in Poland by the EUROCARE working group for the 1983—
1994 period.” It was also similar to that reported in Central
Europe (Slovakia, Slovenia and Switzerland), higher than
that reported in South Korea, Singapore, USA, and South-
ern Europe (Italy and Spain) but lower than in Northern
Europe (Denmark, Norway, Sweden, and Estonia), Ireland
and Australia.>”*!11> However, we cannot exclude the mis-
classification bias. The number of uveal melanoma cases
might have been underestimated, while unspecified ocular
melanoma might have been overestimated. Errors in us-
ing specific ICD-10 codes might have occurred at different
levels (hospitals, outpatient clinics, and NCR and NHF of-
fices). However, we believe that such errors had only mi-
nor impact on the study findings. Our age-standardized
incidence of conjunctival melanoma was similar to that
reported earlier in Eastern Europe by the EUROCAREnet
working group for the 1995— 2007 period and higher than
that reported among Blacks in the USA and whole popu-
lation in Southern Europe but lower than among Whites
in the USA and the whole population in Northern Europe.*
The north-to-south decreasing gradient in the uveal mela-
noma incidence in Europe might be related to the protective
effect of ocular pigmentation in the southern populations
with respect to higher exposure to ultraviolet light at lower
latitudes. Moreover, Eastern European countries like Poland
have the lowest rates of both conjunctival and skin melano-
mas in Europe.*” Most of the previous studies showed an in-
creased age-adjusted incidence rate of ocular melanoma
among men,®?1112141517 byt in other large cohort clinical
studies with no age adjustment, no sex-based differences
were reported.® In contrast to those studies, the incidence
rate of ocular melanoma in Poland was higher in women,
which might be attributable to the excess male death rate,
characteristic to the Eastern European countries, which
is visible in Poland.?”-%

Since the Collaborative Ocular Melanoma Study
(COMS) showed no survival advantage of enucleation over
brachytherapy for medium-size tumors, the therapeutic
shift to eye-conserving treatment options was observed
worldwide.l”!® However, medical management of ocular
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Table 4. Results of the test for the proportional hazards assumption

Variable ‘ X2 offrE:c?:r}’:} df p-value
Rural residence 0.0754 1 0.7837
Male sex 1.2156 1 0.2702
Age 0.3953 1 0.5295
Surgery 1.182 1 0.277
Chemotherapy 1.9842 1 0.1590
Radiotherapy 0.2413 1 0.6233
Metastasis 1.3794 1 0.2402
Local cancer 0.3865 1 0.534
Loco-regional cancer 02574 1 0.6119
Systemic cancer 1.9519 1 0.162
Global 11.80962 10 0.212

melanoma depends on the tumor location, size, local ex-
tension, visual acuity at presentation, and systemic status.
Most patients with posterior tumors are currently treated
with plaque brachytherapy. Other available options include
laser photocoagulation, transpupillary thermotherapy,
particle beam radiotherapy, gamma knife radiosurgery,
local surgical resection, and/or enucleation (with or with-
out orbital exenteration). The current standard for anterior
tumors management is a surgical treatment with adju-
vant therapy, including brachytherapy. Other management
methods for both anterior and posterior tumors include
targeted therapy and/or chemotherapy (in case of metas-
tases). Although more than 90% of primary tumors are
managed with surgery or eye-conserving therapies, more
than 50% of patients develop metastases, usually involving
the liver.1:316:30

The OS analysis revealed that 100 patients (8.39%) died
within 1 year and 507 patients (39.24%) died within 5 years
from the initial diagnosis of ocular melanoma in Poland,
which gives the 1-year and 5-year mortality rates of 8.39%
and 39.24%, respectively. The 1-year OS was 91.61%, and
the 5-year OS was 60.76%, which is comparable to the data
from an epidemiological study of uveal melanoma from
US Surveillance, Epidemiology and End Results Program
for 2010-2015, where the 5-year OS was 61.8%. However,
our mortality rate was higher than that found in the UK,
Denmark, Sweden, Singapore, or Israel 21014203132 The Cox
proportional hazards model showed that the higher risk
of death within 5 years from the initial ocular melanoma
diagnosis in Poland was associated with male sex, older
age at diagnosis, chemotherapy treatment, metastasis,
loco-regional hyperplasia, and systemic tumor spread
compared to the carcinoma in situ. The risk of death was
statistically reduced by radiotherapy treatment. However,
chemotherapy treatment increased the risk of death in our
model. It should be assumed that the treatment method
depends on the carcinoma stage and chemotherapy is used
in more severe stage of tumor. Our results were consistent
with previously published studies that showed older age
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at diagnosis, severe stage of the tumor, distant metastasis,
and no radiation to be associated with the mortality risk.
Those studies also revealed that beyond 15 years from
diagnosis, a patient with uveal melanoma is more likely

to die from other causes than uveal melanoma metastasis
itself.14:31,32

Limitations

The limitations of the present study include selection
bias as there is an increasing proportion of cases without
histopathological proof of diagnosis. In addition, both NHF
and NCR databases do not cover the family history and ge-
netic information of ocular melanoma patients in Poland,
with disease laterality also not available for all included
subjects. Therefore, we might have missed some data and
the investigation of potential risk factors of mortality was
not complex. However, this likely had only a minor impact
on our findings. The most important strengths of the pres-
ent study are the population size, nationwide recruitment,
and the usefulness of its results for clinicians and health-
care providers in Poland.

Conclusions

This study found that the incidence rate of ocular mela-
noma in Poland is in the middle range of worldwide inci-
dence, and the 5-year OS is relatively low. Furthermore,
a higher risk of mortality from ocular melanoma in Poland
is associated with male sex, older age at diagnosis, chemo-
therapy treatment, metastasis, loco-regional hyperplasia,
and systemic tumor spread compared to carcinoma in situ.
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