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ABSTRACT

Background Uveal melanoma (UM) is the most common
primary ocular malignancy of adults. A small group of
patients was found to express familial predisposition.
Moreover, it may be preceded or followed by other
malignancies elsewhere in the body. We aim to compare
the incidence of UM and other associated cancers and
study the factors that may influence each condition.
Patients and methods We have collected the data from
the Surveillance, Epidemiology and End Results database
of nine US cancer registries for UM patients between 1973
and 2015. We calculated the standardised incidence ratios
for single primary UM, first primary and second primary
UM, and compared the groups for multiple factors.
Results A total of 4946 patients were included in the
study; 3863 with single primary UM, 646 developed

a second primary malignancy following UM, and 437
patients developed second primary UM following a
previous primary malignancy. The risk of developing

UM increased after leukaemia, melanoma of the skin

and prostate. On the other side, the risk of developing
melanoma of the skin, thyroid, renal and other eye and
orbit malignancies has increased significantly after

initial UM. This risk was more evident in the age group
between 50 and 70 years old. Cancer-specific survival
was significantly higher in UM associated with other
malignancies group compared with single primary UM.
Conclusion Our study showed a different behaviour of

the UM when associated with other tumours that exceed

the known spectrum of hereditary UM. Further studies are
required to dissect the genetic background of this behaviour.

INTRODUCTION

Uveal melanoma (UM) is the most common
primary ocular malignancy of the adult white
population, with an incidence of 5.1 cases per
million per year in the USA. It mainly arises
from melanocytes originated from the neural
crest and inhabited the choroid, ciliary body,
and iris. It mainly affects the choroid unilat-
erally. Many factors were associated with
increased incidence, including gender, race,
exposure to ultraviolet rays/sunlight and in
a few circumstances, it runs in families as a
familial hereditary syndrome.' The most
frequent genetic mutations were BRCAI-
associated protein-1 (BAP1), EIF1AX, GNA11
and GNAQ.? Some genetic mutations linked
to worse prognosis, including BAP1 itself.

Key questions

What is already known about this subject?

» Uveal melanoma is a malignancy with bad prognosis
on the long-term and can be followed by other ma-
lignancies in a form of hereditary disease.

What does this study add?

» Malignancies can precede uveal melanoma or follow
it in higher rates than what were reported before.
Prostate cancer and leukaemia showed a significant
ratio to be followed by uveal melanoma.

How might this impact on clinical practice?

» Patients with uveal melanoma should be informed
that they may develop further malignancies in the
future. Fundus examination should be integrated in
the follow-up plans of all patients with malignan-
cies elsewhere in the body, especially prostate and
leukaemia.

Moreover, UM familial predisposition
syndrome is marked by BAP1 germline muta-
tions, which in turn is associated with other
cancers, including cutaneous melanoma,
malignant mesothelioma and renal cell carci-
noma.” * Few studies discussed the incidence
of other associated neoplasms with UM.”™
These studies were mainly unidirectional or
non-epidemiologic. Compared with each
other, these studies showed different patterns
of incidence and survival between UM in
different milestones. We believe that studying
the incidence from multiple directions can
give an insight into understanding tumour
development by correlating UM to other
better-understood tumours.

Our aim is to compare the incidence and
survival of UM as single, first, or second primary
malignancy. Moreover, we aimed at comparing
the association between UM and other cancers
on its occurrence as the first or second primary
malignancy.

METHODS

Study design and data source

We conducted a retrospective analysis of the
Surveillance, Epidemiology and End Results
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(SEER) Programme of the National Cancer Institute’s first
nine cancer registries representing 10% of the US popula-
tion between 1973 and 2015.

Study population

We included patients who were diagnosed between 1973
and 2015 with UM using the International Classification
of Diseases (ICD) Site ‘C69.3-Choroid’, and ‘C69.4-Ciliary
body’ and ICD Histology recode for broad groupings ‘8720-
8799 (nevi and melanomas)’ to identify eligible patients.
Only records with malignant behaviour and known age
were included. We excluded records reported by autopsy
and death certificate only. We also excluded patients who
developed two distinct primary UM, or patients who devel-
oped a UM within less than 6 months before or after another
primary malignancy to include only patients with clear
temporal relations between malignancies.

Included patients were grouped into three groups:
(1) Single primary melanoma (SiPUM): this group
included patients who only developed a SiPUM and did
not develop any other primary malignancy; (2) Second
primary UM (SePUM): this group included patients who
developed a primary UM following the development of
another previous primary malignancy; (3) First Primary
UM followed by another primary malignancy (FiPUM):
this group included patients who developed a primary
UM and then developed another primary malignancy.

In included patients, we examined the following char-
acteristics: age at diagnosis of each malignancy, sex, race,
site of each malignancy, histology of each malignancy,
stage of UM, grade of UM, size of UM and the latency
period between UM and the other primary malignancy.

Study outcomes

We calculated standardised incidence ratios (SIRs) for
the development of SePUM following another a previous
primary malignancy and the development of a second
primary malignancy following a UM. SIRs were defined as

A Age at Diagnosis

Group
300.0

Primary uveal melanoma
M followed by another primary
malignancy

Single primary uveal melanoma
Mean =594

Std. Dev. =15.52

N=3,863

200.0

Second primary uveal melanoma
Mean =70.61

Std. Dev. =11.019

N=437

Frequency

another primary malignancy
Mean =

61.78
100.0 Std. Dev. =11.949
N =646

Age in Years

M Single primary uveal melanoma
Ml Second primary uveal melanom:

Primary uveal melanoma followed by

the increased risk of developing the second malignancy
after developing the first malignancy when compared
with a demographically similar US population. We also
calculated the overall survival of patients in the previously
mentioned groups and assessed predictors of survival.

Statistical analysis

We used SEER*STAT V.8.3.5 to query the SEER database
and calculate SIRs. All other statistical tests were conducted
using IBM SPSS V.24. The y* test was used to compare
patients’ and tumour characteristics between groups. Log-
rank test was used for comparing groups in survival anal-
ysis, which was conducted using the Kaplan-Meyer test. A
multivariable covariate-adjusted Cox model was conducted
on the overall survival of the patients with adjustment for
various confounders. All statistical tests were two sided, and a
p<0.005 was considered statistically significant.

RESULTS

Baseline characteristics

We included a total of 4946 patients, of which 78% were
in the SiPUM group, 9% were in the SePUM group, and
13% were in the FiPUM group. The mean age of pres-
entation of SiPUM was 59.67 years old, 2years less than
FiPUM and 11 years less than the SePUM (figure 1). The
three groups showed similar distribution among the states
and races, and most patients in all groups were white and
married. Table 1 summarises patients’ characteristics in
the three groups.

The choroid was the most common site for UM in all
the groups, and most UM cases were diagnosed when still
localised, with SePUM having the highest rate of distant
metastases at diagnosis of disease (2.8%). Among patients
with reported pathological subtype, Mixed epithelioid—
spindle cell melanoma was the most common patholog-
ical subtype, followed by Spindle cell melanoma, type
B. Epithelioid cell melanoma was more common in the

B Latency between Malignancies

120.0

Group

M Second primary uveal melanom:
Primary uveal melanoma

M followed by another primary
malignancy

100.0

Second primary uveal melanoma
Mean =103.43

Std. Dev. =82.606

N =437

Frequency

Primary uveal melanoma followed by
another primary malignancy

Mean =106.

Std. Dev. =88.499
40.0 N =646

0.0

0 100 200 300 400 500

Latency in months

Figure 1 The distribution of the age in years at um diagnosis (A) and latency between UM and the other malignancy in

months (B) in the three groups. UM, uveal melanoma.
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Table 2 Tumourcharacteristics —treatment

Study group
Single primary uveal Second primary uveal Primary uveal mel. followed by
mel. (n=3863) mel. (n=437) another primary malignancy (n=646)
N Col. N % N Col. N % N Col. N % P value
Site
C69.3-Choroid 3235 83.7 361 82.6 516 79.9 0.016
C69.4-Ciliary body 628 16.3 76 17.4 130 20.1
Histology
8720/3: Malignant, NOS 2511 65.0 309 70.7 397 61.5 0.288
8726/3: Malignant in magnocellular nevus 1 0.0 0 0.0 0.0
8730/3: Amelanotic 30 0.8 1.1 4 0.6
8742/3: Lentigo maligna 1 0.0 0.0 0 0.0
8743/3: Superficial spreading 0 0.0 0.0 1 0.2
8770/3: Mixed epithelioid and spindle cell 454 11.8 53 12.1 85 13.2
8771/3: Epithelioid cell 190 4.9 14 3.2 16 2.5
8772/3: Spindle cell, NOS 253 6.5 25 5.7 55 8.5
8773/3: Spindle cell, type A 35 0.9 0 0.0 8 1.2
8774/3: Spindle cell, type B 388 10.0 31 71 80 12.4
Stage
Localised 3176 91.8 348 90.2 551 94.8 0.023
Regional 222 6.4 27 7.0 28 4.8
Distant 63 1.8 11 2.8 2 0.3
Size
5mm or less 109 7.2 11 6.5 34 11.5 0.097
6-10mm 432 28.6 49 29.0 89 30.1
11-15mm 547 36.3 56 33.1 95 321
More than 15mm 420 27.9 53 31.4 78 26.4
Grade
Well differentiated; Grade | 37 35.9 5 38.5 3 375 0.653
Moderately differentiated; Grade Il 47 45.6 5 38.5 5 62.5
Poorly differentiated; Grade llI 18 17.5 2 15.4 0 0.0
Undifferentiated; anaplastic; grade IV 1 1.0 1 7.7 0 0.0
Confirmation
Positive histology 2420 63.2 248 57.4 456 71.4 0.003
Positive exfoliative cytology, no positive 122 3.2 22 5.1 10 1.6
histology
Positive microscopic confirm, method not 9 0.2 3 0.7 4 0.6
specified
Positive laboratory test/marker study 3 0.1 2 0.5 3 0.5
Direct visualisation without microscopic 443 11.6 70 16.2 64 10.0
confirmation
Radiography without microscopic confirm 625 16.3 73 16.9 70 11.0
Clinical diagnosis only 205 5.4 14 3.2 32 5.0

SiPUM (4.9%) than SePUM (3.2%) and FiPUM (2.5%).
Table 2 summarises tumour characteristics in the three
groups.

Among our FiPUM cohort, the most common sites
for following primary cancers were prostate (17%), lung
and bronchus (12.7%) and breast (10.1%), while in the
SePUM group, the most common sites for the previous

primary cancers were prostate (26%), breast (21.5%),
and colon and rectum (12.1%) (table 3).

The risk of second malignancy after FiPUM

A total of 646 patients developed a second primary
malignancy following UM, with an overall SIR of 1.09
(95% CI 1.02 to 1.18). The highest increase in the risk
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Table 3 Comparing relationships between first and second primary uveal melanomas (UM) and the other malignancies

Characteristics First primary UM Second primary UM
Age at diagnosis of the other malignancy (mean age in years, SD) 70.6 (11) 61.8 (11.9)
Independent-samples Mann-Whitney U test
p<0.0001
Latency period between UM and the other malignancy (mean latency in months, SD)  106.7 (88.5) 103.4 (82.6)
Independent-samples Mann-Whitney U test
p=0.95
Site of the other malignancy
Breast* 65 (24.9) 94 (47.7)
Prostate* 110 (28.6) 116 (48.3)
Colon and rectum 61 (9.4) 53 (12.1)
Lung and bronchus 82 (12.7) 12 (2.7)
Urinary bladder 36 (5.6) 26 (5.9)
Melanoma of the skin 61 (9.4) 38 (8.7)
Corpus uteri* 7 (6.5) 16 (8.1)
Non-Hodgkin's lymphoma 9 (2.9 11 (2.5)
Oral cavity and pharynx 7(1.1) 10 (2.3)
Thyroid 1(1.7) 12 (4.6)
Ovary* 0(3.8) 9(2.1)
Leukaemia 8(2.8) 9 (2.1)
Kidney and renal pelvis 27 (4.2) 7 (1.6)
Eye and orbit 9(1.4) 2 (0.5)
Other sites 113 (17.5) 22 (5)

*Percentages for these cancer were calculated as gender based (the denominator was males/females instead of the overall population).

of developing a second primary malignancy following
UM was withing the first 5years of UM diagnosis (SIR
1.2, 95% CI 1.06 to 1.35), with this risk being specifically
apparent among male patients and white patients (SIR
1.19, 95%CI 1.01 to 1.39 and SIR 1.21, 95%CI 1.06 to
1.36, respectively). Besides, patients who were younger
than 65 years old at the diagnosis of UM also showed an
increase in cancer risk within byears of diagnosis (SIR
1.39, 95%CI 1.14 to 1.68) and 5-10 years of diagnosis
(SIR 1.29, 95% CI 1.05 to 1.56). Interestingly, the risk of
developing a primary malignancy increased within 5years
of choroid UM (SIR 1.2, 95% CI 1.04 to 1.37), but within
5-10 years of ciliary body UM (SIR 1.42, 95% CI 1.02 to
1.93). Mixed epithelioid and spindle cell UM showed the
highest increase in primary cancer risk within 5years (SIR
1.66, 95% CI 1.20 to 2.24), whereas the increase in risk
following spindle cell UM was highest within 5-10 years
(SIR 1.15, 95% CI 1.01 to 1.79). When the site of second
cancer following UM was studied, patients with UM were
shown to have an increased risk of developing melanoma
of the skin, thyroid cancer and kidney cancers (table 4).
Further subgroup analysis was provided in online supple-
mental tables 1-4.

The risk of SePUM after other primary malignancies

A total of 437 patients developed SePUM following
a previous primary malignancy. Overall, the risk of
UM among patients with another primary malignancy

increased only within 5-10 years of the first malignancy
diagnosis with an SIR of 1.2 (95% CI 1.01 to 0.43), and
was explicitly high among whites (SIR 1.2, 95% CI 1.01
to 1.43) and patients who were diagnosed with the first
malignancy at an age younger than 65 years (SIR=1.37,
95% CI 1.07 to 1.73). Interestingly, the overall risk of
developing ciliary body UM following a previous malig-
nancy showed a significant increase with an SIR of 1.37
(95% CI 1.08 to 1.71). When the site of the first cancer
was studied, patients with prostate cancer, melanoma of
the skin and leukaemia were shown to increase the risk of
developing SePUM, while exposure for radiotherapy did
not change UM risk (table 5). Further subgroup analysis
was provided in online supplemental tables 5-8.

Survival of UM

Patients in the SiPUM group showed an overall median
survival of 195.7 months (95%CI 189.59 to 201.8)
following the diagnosis of UM, while patients in the
SePUM group showed a median survival of 139 months
(95% CI1132.04 to 145.9). On the other hand, the median
overall survival in the FiPUM group was 177 months
(95% CI 160.9 to 193.1) (figure 2).

After adjusting for sex, race, age at diagnosis of UM,
site of UM, stage at diagnosis of UM, size at diagnosis of
UM, and undergoing cancer-directed surgery for UM,
multivariate Cox models showed a better overall survival
for females, but worse outcomes for black patients,
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Table 4 Standardised incidence ratios (SIR) for developing a second malignancy after first primary uveal melanoma according

to latency; SIR (95% Cls)

<5 years 5-10 years >10 years Total*

Characteristics Obs. SIR (95%Cl) Obs.  SIR (95%Cl) Obs. SIR (95%Cl) Obs.  SIR (95%Cl)
Overall 258 1.2071 (1.06 to 1.35) 181 1.09 (0.94 to 1.27) 287 1.01 (0.90 to 1.14) 726 1.091 (1.02 to 1.18)
Sex

Male 153 1.191 (1.01 to 1.39) 116 1.15 (0.95 to 1.38) 169 0.97 (0.83 to 1.13) 438 1.09 (0.99 to 1.19)

Female 105 1.21 (0.99 to 1.47) 65 1.00 (0.77 to 1.28) 118 1.08 (0.90 to 1.30) 288 1.11 (0.98 to 1.24)
Race

White 256 1.211 (1.06 to 1.36) 180 1.11 (0.95 to 1.28) 283 1.02 (0.90 to 1.14) 719 1.101 (1.02 to 1.18)

Black 1 0.78 (0.02 to 4.32) 1 1.08 (0.03 to 6.04) 4 1.55 (0.42 to 3.97) 6 1.25 (0.46 to 2.73)

Other races 1 1.23 (0.03 to 6.87) 0 0 0 0 1 0.57 (0.01 to 3.19)
Age at diagnosis of uveal melanoma

<50 years 15 1.36 (0.76 to 2.24) 20 1.41 (0.86 t0 2.17) 69 0.97 (0.75 t0 1.23) 104 1.08 (0.88 to 1.31)

50-70 years 133 1.241 (1.04 to 1.47) 113 1.15 (0.94 to 1.38) 182 1.01 (0.87 to 1.17) 428 1.111 (1.01 to 1.22)

>70 years 110 1.13 (0.93 t0 1.37) 48 0.91 (0.67 to 1.21) 36 1.10 (0.77 to 1.52) 194 1.06 (0.92 to 1.22)
Primary site of uveal melanomat

Choroid 217 1.201 (1.04 to 1.37) 140 1.03 (0.9t0 1.2) 220 1.01 (0.88 to 1.15) 577 1.08 (0.99 to 1.17)

Ciliary body 41 1.21 (0.87 to 1.64) 41 1.421 (1.02 to 1.93) 67 1.03 (0.80 to 1.31) 149 1.17 (0.99 to 1.37)
Site of the next malignsancy§

Breast 21 0.83 (0.51 to 1.27) 17 0.91 (0.53 to 1.46) 29 0.97 (0.65 to 1.39) 67 0.91 (0.70 to 1.15)

Prostate 45 1.20 (0.87 to 1.60) 28 0.93 (0.62 to 1.35) 47 0.91 (0.67 to 1.21) 120 1.01 (0.83 to 1.20)

Colon and rectum 26 1.02 (0.66 to 1.49) 15 0.77 (0.43 to 1.27) 28 0.86 (0.57 to 1.25) 69 0.89 (0.69 to 1.13)

Lung and bronchus 23 0.71 (0.45 to 1.06) 31 1.25(0.85t0 1.77) 44 1.04 (0.75 to 1.39) 98 0.98 (0.80 to 1.20)

Urinary bladder 11 0.90 (0.45 to 1.61) 11 1.13 (0.57 to 2.03) 19 1.05 (0.63 to 1.64) 41 1.03 (0.74 to 1.39)

Melanoma of the 30 3.7671 (2.54 to 5.37) 12 1.92 (0.99 to 3.36) 23 1.961 (1.24 to 2.94) 65 2.511 (1.93 to 3.19)

skin

Corpus uteri 0.52 (0.11 to 1.53) 1.48 (0.54 to 3.23) 10 1.66 (0.80 to 3.05) 19 1.20 (0.72 to 1.88)

Non-Hodgkin's 12 1.42 (0.73 to 2.48) 0.60 (0.17 to 1.55) 0.74 (0.34 to 1.40) 25 0.92 (0.60 to 1.35)

lymphoma

Oral cavity and 6 1.08 (0.40 to 2.36) 4 0.99 (0.27 to 2.53) 3 0.47 (0.10 to 1.37) 13 0.81 (0.43 to 1.39)

pharynx

Thyroid 3.1671 (1.27 to 6.51) 1 0.62 (0.02 to 3.47) 3 1.16 (0.24 to 3.40) 11 1.72 (0.86 to 3.07)

Ovary 1.03 (0.21 to 3.00) 1 0.47 (0.01 to 2.63) 6 1.80 (0.66 to 3.91) 10 1.19 (0.57 to 2.19)

Leukaemia 0.82 (0.27 to 1.90) 7 1.46 (0.59 to 3.01) 11 1.25 (0.53 to 2.24) 23 1.17 (0.74 to 1.75)

Kidney and renal 15 2.621 (1.47 to 4.32) 5] 1.13 (0.37 to 2.63) 11 1.41 (0.70 to 2.51) 31 1.721 (1.17 to 2.45)

pelvis

Eye and orbit 3 8.011 (1.65 to 23.41) 2 7.25 (0.88 to 26.20) 5 10.841 (3.52 to 25.30) 10 9.001 (4.31 to 16.55)

Bold values are statistically significant (p<.001)

*Single patient may have multiple tumours. Further details are available in (online supplemental table 9).

TSignificant with p<0.05.

1Using primary site variable.

§Using ICD-O-3 site recode.

ICD, International Classification of Diseases; Obs., observed.

ciliary body UM, larger or more advanced UM (table 6).
Further Analysis was provided in online supplemental
figure 1). The other causes of cancers in the study
groups were uploaded to the online repository (10.5281/
zenodo.4058248).

Patients in the exclusion period

In the exclusion period (first 6 months after diagnosis), 25
patients (SIR=1.0) were diagnosed in the SePUM group,
while 43 patients (SIR=1.47, p<0.05) were diagnosed in

the FiPUM group. Those patients were excluded from
further analysis in the paper.

DISCUSSION

Our study 0of 4946 melanoma patientsin the SEER database
included 3863 Single primary, 646 Primary UM followed
by another primary malignancy and 437s primary UM. It
showed a 9% increased risk of developing a second malig-
nancy after UM, which reaches 20% in the first 5years
after the diagnosis of UM. This was led by an increased
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Table 5 Standardised incidence ratios (SIR) for developing a primary uveal melanoma following another primary malignancy
according to the latency; SIR (95% Cls)

<5 years 5-10 years >10 years Total*

Characteristics Obs. SIR (95%Cl) Obs. SIR (95%Cl) Obs. SIR (95% Cl) Obs. SIR (95%Cl)
Overall 166 1.08 (0.92 to 1.25) 132 1.207 (1.01 to 1.43) 143 0.99 (0.84 to 1.17) 441 1.08 (0.98 to 1.19)
Sex

Male 96 1.04 (0.84 to 1.27) 77 1.21(0.95to 1.51) 69 0.99 (0.77 to 1.25) 242  1.07 (0.94 to 1.21)

Female 70 1.13 (0.88 to 1.43) 55 1.20(0.91to 1.57) 74 0.99 (0.78 to 1.25) 199  1.09 (0.95 to 1.26)
Race

White 164 1.08 (0.92 to 1.26) 130  1.201 (1.01 to 1.43) 141 0.99 (0.83 to 1.17) 435  1.08(0.98 to 1.19)

Black 1 1.21 (0.03 to 6.75) 0 0 1 1.59 (0.04 to 8.87) 2 1.00(0.12 to 3.62)

Other races 0 0 2 4.36(0.53 to 15.76) 1 1.73 (0.04 to 9.61) 3 1.75(0.361t0 5.12)
Age at diagnosis of the first cancer

<50 years 7 0.80 (0.32 to 1.65) 18  1.78t (1.06 to 2.82) 40 1.06 (0.76 to 1.45) 65 1.15(0.89 to 1.47)

50-70 years 79 1.01 (0.80 to 1.26) 74  1.15(0.91 to 1.45) 89 1(0.80 to 1.23) 242  1.05(0.92 to 1.19)

>70 years 80 1.18 (0.94 to 1.47) 40 1.13(0.81to 1.54) 14 0.78 (0.43 t0 1.31) 134 1.11 (0.93 to 1.31)
Primary site of uveal melanomazt

Choroid 137 1.04 (0.87 to 1.23) 111 1.17 (0.96 to 1.409) 117 0.93 (0.77 to 1.11) 365 1.04(0.93to0 1.15)

Ciliary body 29 1.28 (0.86 to 1.84) 21  1.43(0.88t02.18) 26 1.43 (0.93 to 2.09) 76  1.37t (1.08 to 1.71)
Site of the first malignancy§

Breast 32 1.26 (0.86 to 1.776) 24 1.16(0.75t0 1.73) 4 1.24 (0.89 to 1.69) 97  1.23(0.995 to 1.5)

Prostate 49 1.15(0.85 to 1.51) 45 1.40t (1.02 to 1.88) 22 0.82 (0.52 to 1.25) 116 1.14(0.94 to 1.37)

Colon and rectum 18 0.96 (0.57 to 1.52) 15 1.19(0.67 to 1.96) 21 1.29 (0.80 to 1.98) 54  1.14(0.85 to 1.48)

Lung and bronchus 5 0.61 (0.2 to 1.42) 3 0.89(0.18t02.61) 4 1.29 (0.35 t0 3.3) 12 0.82(0.42 to 1.43)

Urinary bladder 12 1.18 (0.61 to 2.07) 6 0.84(0.31to 1.83) 1.00 (0.46 to 1.89) 27  1.03(0.68 to 1.49)

Melanoma of the skin 11 1.56 (0.78 to 2.8) 10 1.75(0.84 to 3.23) 17 1.59 (0.92 to 2.54) 38  1.62t (1.15to 2.22)

Corpus uteri 8 1.3 (0.56 to 2.55) 2 0.38(0.05to0 1.37) 0.58 (0.21 to 1.27) 16 0.74 (0.42t01.2)

Non-Hodgkin's 5 0.85 (0.28 to 1.98) 3 0.78(0.16 t0 2.27) 3 0.68 (0.14 to 1.99) 11 0.78(0.39 to 1.39)

lymphoma

Oral cavity and 5 1.25 (0.41 to 2.29) 3 1.12(0.23t03.27) 2 0.55 (0.07 to 2.00) 10  0.97 (0.47 to 1.79)

pharynx

Thyroid 1 2.23(0.72t05.19) 0 2.57(0.84 to 6.00) 1 0.44 (0.05 to 1.59) 2 1.38(0.71 to 2.40)

Ovary 5 2.92 (0.95 to 6.83) 1 1.00 (0.08 to 5.56) 3 1.43 (0.30 to 4.24) 9 1.88(0.86 to 3.58)

Leukaemia 2 0.57 (0.07 to 2.05) 6 2.92t (1.07 to 6.35) 1 0.5 (0.01 t0 2.78) 9 1.19(0.54 to 2.25)

Kidney and renal 3 0.77 (0.16 to 2.25) 3 1.14(0.23 t0 3.32) 1 0.32 (0.01 to 1.81) 7 0.73(0.29to 1.5)

pelvis

Eye and orbit 1 9.96 (0.25 to 55.43) 0 0 1 9.63 (0.24 to 53.66) 2 7.36(0.89 to 26.60)

*Single patient may have multiple tumours. Further details are available in (online supplemental table 10).

tSignificant with p<0.05.
Using primary site variable.
§Using ICD-O-3 site recode.

ICD, International Classification of Diseases; Obs., observed.

incidence of cutaneous melanoma, thyroid cancers, renal
tumours and other ocular and orbital tumours. On the
other side, UM showed 8% increase after other tumours.
This has increased to 20% in 5-10 years after the diag-
nosis of the first tumour.

UM is the most common primary ocular malignant
neoplasm. It mainly affects the choroid in the population
over 40 years with a median age of around 60 years and
later mode. Males and white populations show increasing
incidence with increasing latitudes. It is hypothesised
that ultraviolet rays increase the risk of developing UM.
However, this hypothesis was not consistent in all epide-
miological publications. Recently, it was assumed that

multiple sunlight exposure and mutational profiles can
act independently to represent multiple subtypes of the
disease; genetic predisposition profiles that are affected
by ultraviolet rays and others that are not affected by such
exposure.” '’

Germline pathogenic variants in several cancer genes
have been reported in patients with UM.'' '* BAPI is
the only gene with a definitive association with a predis-
position to UM. It shows a frequency of about 22% in
familial UM but as low as 1%-2% in sporadic UM."*"
The evidence for the association of other genes ranges
from limited to moderate.'®

Alfaar AS, et al. ESMO Open 2020;5:6000990. doi:10.1136/esmoopen-2020-000990


https://dx.doi.org/10.1136/esmoopen-2020-000990

A Overall Survival Functions
1.0
Group
0.8 —I718ingle Primary UVM
UVM associated with other
cancers
§ 06
H
S
(2]
E 04 Single Primary UVM,
© Total N = 3863 N of Events = 2059
02
UVM associated with other cancers,
Total N = 1083, N of Events =734
00 Log Rank (Mantel-Cox) Chi-Square 2:843, p = 0.092
0 100 200 300 400 500 600
SURVIVAL TIME (Months)
C Overall Survival
1.0
Primary uveal melanoma followed by
0.8 another primary malignancy,
Total N = 646, N of Events = 468 Group
_ —Single primary uveal
5 melanoma
> 06 _ —Second primary uveal
2 melanoma
= Primary uveal melanoma
”n —Ifollowed by another primary
£ p< 0.001 -Fe-mmmmm™ malignancy
S 04
o
Single primary uveal melanoma
Total N = 3863, N of Events = 2059
0.2
Second primary uveal melanoma }p=0.016
00| - Total N =437, N of Events.= 266 p<.0.001 ~z-z-mommmmmmeees

0 100 200 300 400 500 600

SURVIVAL TIME (Months)

B Cancer-Specific Survival
o UVM associated with other cancers, N = 1082, E = 55
W - R
0.8
Single Primary UVM, N = 3825, E = 431
_g 06
E Group
£ —"18ingle Primary UVM
= 04 __—1UVM associated with other
o cancers
02
00 Log Rank (Mantel-Cox) Chi-Square =45.48, p< 0.0001
0 100 200 300 400 500 600
SURVIVAL TIME (Months)
D Cancer-Specific Survival
1.0
. 2
}p =0.052 S
} p.<0.0001 S
08 i v
Q
E o Group
= 1 8ingle primary uveal
E melanoma
(7] —I1Second primary uveal
£ melanoma
S 04 Primary uveal melanoma
o followed by another primary
malignancy
Single primary uveal melanoma, Total N = 3825, Events N = 431
02 Second primary uveal melanoma, Total N = 437, Events N =27
Primary uveal melanoma followed by another primary malignancy,
Total N = 645, Events N = 28
0.0

0 100 200 300 400 500 600

SURVIVAL TIME (Months)

Figure 2 Overall (A, C) and UM cancer-specific (B, D) survival. UM, uveal melanoma; UVM, uveal tract melanoma.

BAP1 has marked its own tumour predisposition
syndrome and is associated with developing UM, cuta-
neous melanoma, mesothelioma, renal cell carcinoma
and other malignancies. Other cancer genes reported
in patients with UM include BRCA2, BRCAl, CHEK2,
PALB2, SMARCE1, MBD4, MSH6 and MLH1."?'” CHEK2
mutations predispose to papillary thyroid, prostate and
breast cancers.'”® PALB2 mutations show an association
with breast, ovarian and pancreatic cancers."? Muta-
tions of SMARCEI results in spinal meningiomas and its
high expression associate with poor prognosis of breast
cancer.?”?' MLH1 and MSH6 are associated with colorectal
and endometrial cancers, ovarian and other gastrointes-
tinal system tumours as part of Lynch syndrome.” * A
more plausible explanation is that a genetic risk factor yet
not identified predisposes to both.

A previous analysis of the SEER Database revealed that
UM has an 11% excess risk to develop skin melanomas
and renal tumours independently from radiation.” A
multicentre study that included registries from Canada,
Iceland, UK, Europe, Singapore and Australia showed
that UM followed other cancers with 24% increased risk

and variable SIR per tumours. SIR was highest for cuta-
neous melanoma (2.38), followed by multiple myeloma
(2.00), hepatic (3.89), renal (1.70), pancreatic (1.58),
prostate (1.31) and stomach (1.33) cancers.?

A Swedish UM cohort showed 25% more odds of devel-
oping UM after other cancers.” None of the cancers
showed a statistically significant SIR. However, it was high
in Endocrine glands tumours (1.88), cutaneous melanoma
(1.74), cutaneous non-melanoma (1.62), prostate (1.52),
lip-oesophagus(1.52), then in lymphoma-leukaemia
(1.46), urinary system (1.32) and female genital organs
(1.24) groups. On the contrary, it showed SIR of 1.13
of developing other cancers after primary UM. The SIR
was high for Thyroid/endocrine glands cancers (1.76),
non-Hodgkin’s lymphoma (1.77), cutaneous melanoma
(1.75), nervous system (1.49), uterus (1.41), followed by
leukaemia (1.31).

Multiple mechanisms may explain the incidence of
multiple primary tumours, including the persistence of
multiple pathogenic mechanisms.”> Melanocytes share
the same embryologic origin with the nervous system
arising from the neural crest, and a common genetic may
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Table 6 Multivariable covariate-adjusted Cox models for overall survival of patients with adjustment for the following factors:
sex, race, age at diagnosis of uveal melanoma (UM), site of UM, stage of UM, size of UM and surgery as a treatment option for

UM

Single primary UM First primary UM Second primary UM

All-cause All-cause All-cause All-cause All-cause All-cause
Patient characteristics HR* (95% Cl) 1 Pvaluet HR*(95%CI) t P valuet HR*(95%CI)t P valuet
Sex (vs no male)
Female 0.84 (0.76 to 0.93) 0.001 0.83 (0.75 to 0.92) <0.001 0.66 (0.45 to 0.86) 0.042
Race (vs white)
Black 1.57 (0.79 to 2.96) 0.211 1.55 (0.83 to 2.91) 0.17 1.74 (0.23 t0 13.18) 0.59
Asian or pacific islander 0.74 (0.41 to 1.34) 0.317 0.74 (0.41 to 1.35) 0.325
American Indian/Alaska Native 0.5 (0.16 to 1.57) 0.234 0.62 (0.23 to 1.68) 0.351 1.75(0.21 to 14.24) 0.603
Age at diagnosis (years) 1.05 (1.05 to 1.05) <0.001 1.05 (1.05 to 1.05) <001 1.05 (1.02 to 1.07) <0.001
Site (vs choroid)
Ciliary body 1.21 (1.04 to 1.4) 0.012 1.23 (1.07 to 1.42) 0.004 1.33 (0.75 to 2.35) 0.327
Stage (vs localised)
Regional 1.39 (1.17 to 1.65) <0.001 1.36 (1.16 to 1.61) <0.001 1.06 (0.54 to 2.11) 0.86
Distant 14.22 (9.59t0 21.09)  <0.001 14.41 (9.79 to 21.22) <0.001 37.91 (4.05 to 354.74) 0.001
Size (vs 5mm or less)
6-10mm 0.86 (0.68 to 1.10) 0.237 0.87 (0.69 to 1.1) 0.245 1.02 (0.45 to 2.35) 0.958
11-15mm 1.53 (1.22 to 1.94) <0.001 1.49 (1.19 to 1.87) <0.001 1.18 (0.51 to 2.68) 0.703
More than 15mm 1.83 (1.45t0 2.31) <0.001 1.79 (1.43 t0 2.23) <0.001 1.49 (0.65 to 3.43) 0.344
Surgery (vs no)
Yes 1.94 (1.74 t0 2.16) <0.001 1.88 (1.7 t0 2.09) <0.001 1.39 (0.95 to 2.03) 0.088
Latitude 0.99 (0.98 to 1.00) 0.12 0.99 (0.98 to 1.00) 0.101 0.995 (0.95 to 1.05) 0.855
Sequence of UM (vs single UM)
Second UM 1(0.82to 1.21) 1

*This number represents the HR for all-cause and cancer-specific death for the above covariables. All statistical tests were two sided.

TThis represents Cl.

FTwo-sided p value was calculated from multivariable covariate-adjusted Cox models.

lead to such multiple tumours. Moreover, an escape from
the immune system after primary lymphomas and leukae-
mias can lead to numerous tumours in different organs.
Furthermore, the existence of autoimmune diseases, as
mentioned previously, can justify the coincidence of UM
with thyroid diseases as described before. The effect of
radiation therapy (especially brachytherapy) of UM on
the development of second primary tumours should
be limited to orbital tumours and that of treatment of
remote body sites on the development of UM. Besides, a
single or multiple genetic mutations, from the previously
mentioned, maybe involved occurring together or as a
part of a genetic instability condition that happens in a
Snowball effect.

Tables 4 and 5 show that the burden of participating
factors, either genetic or environmental, has significantly
influenced the early development of second malignancies
of melanoma o the skin, thyroid and renal tumours within
Syears after UM. On the contrary, the development of
UM after prostate and leukaemias necessitated longer
periods. The incidence of skin melanoma was consistent
over time before and after the UM. This observation may

indicate shared pathogenic mechanisms or miscoding of
metastasis.

Interestingly, the overall survival of primary UM
followed by other cancers exceeded other UM in the
first 20 years following diagnosis then followed a similar
survival of SiPUM. However, both kept a better pattern
than the SePUM. From cancer-specific survival perspec-
tives, the SePUM showed better survival, followed by
the FiPUM, then SiPUM (figure 2). This discrepancy
can be explained by better care of patients presented
with previous tumours, the false registration of cause of
death as other cancer or other diseases, or actual death
flail patients by other cancer. The worse survival for large
tumours and those requiring enucleation (table 6) are
consistent among the three groups and the previous
publications.' In our study, women showed better survival,
an observation that is inconsistent with other publica-
tions.”*?” Others showed consistent results.?

The high SIR of diagnosing patients in FiPUM group
can be an indicator of the physicians’ concern about
the metastasis of UM to other sites and their meticulous
examination of patients thereafter. While examining the
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fundus of is not indicated in most of the guidelines of the
malignancies elsewhere in the body resulting in failure to
find early UM.

As a retrospective registry-based study, this study carries
limitations of limited clinical data about the patients and
biological data about the tumours. Moreover, although
the increasing efforts put on quality control of the SEER’s
incomplete data is still an issue for improvement.29 More-
over, the database does not provide information about
detailed histology, tumour recurrence, or the aim of
therapy (palliative vs curative), and we have to assume
the aim according to the stage. Furthermore, data were
limited due to access restrictions to records inside the
SEER registry, no access to outside regions. It was hard
to estimate the effect of treatment on the development
of second primary cancers due to limited reporting and
follow-up in the SEER registry. Besides, due to that fact
that surgery has a limited value in the initial management
of UM and limitations provided in the SEER data about
the treatment details, the comparison between histolog-
ical subtypes should be also read with caution.

This publication is paving the road for further studying
of UM as a part of multiple systemic diseases and the
need for the follow-up of the patients for more prolonged
periods. Further modelling of the factors and relations
found in this study besides molecular and genetic mecha-
nisms can give a better understanding of the mechanisms
involved in tumour development. Particular attention
should be given to a careful examination of the orbit,
thyroid, kidney and skin in the first 5years after the diag-
nosis of UM.
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